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Abstract

Objective: Evaluate the impact of a quality improvement program related to the frequency indicators
of obstructed nasogastric tubes, the time the nursing team spent on oral medication preparation and
administration through this route, and the costs associated with the incident.

Method: Intervention study aimed at comparing pre (Phase I) and post (Phase Il) implementation of a Quality
Improvement Program, proposed by Institute for Healthcare Improvement. Ninety-two medication doses were
observed in Phase | and 66 doses in Phase II. Four Plan-Do-Study-Act (PDSA) cycles were needed to achieve
the proposed target for the improvement program.

Results: The average time the professional spent on solid medication preparation and administration through
nasogastric tube decreased in both phases. Frequencies of obstructed tubes dropped from 33.3% (Phase I)
to 7.4% (Phase Il) and no probe was obstructed during cycles 1, 2, and 4. The average cost of the obstruction
per patient was R$ 1,251.05 per month in Phase | and R$ 23.31 in Phase Il. After testing the changes, time
savings for the nursing team and cost savings for the institution were verified.

Conclusion: The PDSA cycles were effective in reducing non-conformities in medication preparation and
administration via nasogastric tube. This improvement influenced the obstruction frequency, related costs,
and the average time the nursing professional spent on the preparation and administration of the medication
doses.

Resumo

Objetivo: Avaliar o impacto de um programa de melhoria da qualidade relacionado aos indicadores de
frequéncia de sondas nasoenterais obstruidas, do tempo despendido pela equipe de enfermagem no preparo
€ na administragéo de medicamentos orais por essa via, e dos custos associados ao incidente.

Método: Estudo de intervencéo voltado para a comparagéo pré (Fase ) e pés (Fase Il) implementagdo de um
Programa Melhoria da Qualidade, proposto pelo Institute for Healthcare Improvement. Foram observadas 92
doses de medicamentos na Fase | € 66 doses na Fase Il. Foram necessarios quatro ciclos Plan-Do-Study-Act
(PDSA) para atingir a meta proposta para o programa de melhoria.

Resultados: Houve reducdo no tempo médio gasto pelo profissional no preparo e na administragdo de
medicamentos solidos via sonda nasoenteral em ambas as fases. As frequéncias de sondas obstruidas
reduziram de 33,3% (Fase I) para 7,4% (Fase ll) e nenhuma sonda apresentou-se obstruida durante os ciclos
1,2 e 4. 0 custo médio da obstrugéo por paciente foi de R$ 1.251,05 ao més na Fase | e de R$ 23,31 na
Fase IIl. Apos as mudangas testadas, foi verificada economia de tempo para a equipe de enfermagem e de
custo para a instituigdo.

"Ribeirdo Preto College of Nursing, University of Sdo Paulo, Ribeirdo Preto, SP, Brazil.

?Faculty of Economics, Administration and Accounting, University of Sdo Paulo, Ribeirdo Preto, SP, Brazil.
3Université du Québec a Trois-Rivieres, Université Laval, Trois-Riviéres, Québec, Canada.

Conflicts of interest: none to declare.

Acta Paul Enferm. 2022; 35:eAPE039000934. u



https://orcid.org/0000-0001-5459-4957)1
https://orcid.org/0000-0001-9389-3300)1
mailto:fregimenes@eerp.usp.br

Quality improvement program in medication administration through nasogastric tube

Conclusdo: Os ciclos PDSA foram eficazes na redugéo de ndo conformidades no preparo e na administragdo de medicamentos via sonda nasoenteral.
Tal melhoria impactou a frequéncia de obstrugéo, os custos relacionados e o tempo médio gasto pelo profissional de enfermagem durante o preparo € a
administrag&o das doses.

Resumen

Objetivo: Evaluar el impacto de un programa de mejora de la calidad relacionado con los indicadores de frecuencia de sondas nasoenterales obstruidas, del
tempo invertido por el equipo de enfermeria en la preparacion y en la administracion de medicamentos orales por esa via y de los costos asociados con el
incidente.

Métodos: Estudio de intervencion direccionado para la comparacion previa (Fase I) y posterior (Fase Il) a la implementacion de un Programa Mejora de la
Calidad, propuesto por el Institute for Healthcare Improvement. Se observaron 92 dosis de medicamentos en la Fase | y 66 dosis en la Fase Il. Se necesitaron
cuatro ciclos Plan-Do-Study-Act (PDSA) para alcanzar la meta propuesta para el programa de mejora.

Resultados: Hubo reduccion del tiempo promedio consumido por el profesional en la preparacion y en la administracion de medicamentos s6lidos por sonda
nasoenteral en ambas fases. La frecuencia de la obstruccion de las sondas se redujo del 33,3 % (Fase |) para el 7,4 % (Fase Il) y ninguna sonda presento
obstruccion durante los ciclos 1, 2y 4. El costo promedio de la obstruccion por paciente fue de R$ 1.251,05 al mes en la Fase | y de R$ 23,31 en la Fase II.
Después de someter a pruebas los cambios, se verificd un ahorro de tiempo para el equipo de enfermeria y de costo para la institucion.

Conclusion: Los ciclos PDSA fueron eficaces en la reduccion de no conformidades en la preparacion y en la administracién de medicamentos por sonda
nasoenteral. Esa mejora impacto la frecuencia de obstruccion, los costos relacionados y el tiempo promedio consumido por el profesional de enfermeria

durante la preparacion y la administracion de las dosis.

Introduction

Obstruction is one of the most common incidents
in patients using a nasogastric tube, and the incor-
rect reconstitution of solid drugs, failure to flush the
tube before and after administration of the drug(s),
and enteral diets are factors that contribute to this
incident.!V

In a study conducted in Brazilian hospitals, the
researchers identified that nasogastric tube obstruc-
tion occurred in 36.5% of administrations and that
the incident was associated with errors in oral med-
ication preparation and administration.” In addi-
tion, a study conducted in an Iranian intensive care
unit (ICU) revealed that medication preparation
and administration errors were observed in 24%
and 25.3% of all incidents identified in patients us-
ing a nasogastric tube.”’

The mere implementation of protocols may not
solve the problem, as other factors can contribute
to the errors. Hence, to understand the multiple
factors, methods are needed that were elaborat-
ed to perceive all probable causes.” Among these
methods, the Institute for Healthcare Improvement’s
(IHI) collaborative quality improvement approach
stands out. This model involves three fundamental
questions that are combined with Plan-Do-Study-
Act (PDSA) cycles to plan actions and achieve mea-
surable improvements: 1) What are we trying to
accomplish? 2) How can one know if the change
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has resulted in improvement? 3) What change can
result in improvement?®

It is highlighted that nursing teams can de-
termine existing problems in processes and sys-
tems that affect the quality of care. They are also
able to devise effective solutions because they are
at the forefront of health care.® Therefore, the
objective of this research was to evaluate the im-
pact of a quality improvement program related
to the frequency indicators of obstructed naso-
gastric tubes, the time the nursing team spent on
oral medication preparation and administration
through this route, and the costs associated with
the incident.

Methods

An intervention study was conducted in a medi-
cal clinic ward of a medium-sized general hospital
in the interior of the state of Siao Paulo, Brazil, for
comparison pre (Phase I) and post-implementation
(Phase II) of a quality improvement program.

The sample consisted of a total of 158 doses
prepared and administered via nasogastric tube, 92
doses in Phase I (baseline), and 66 doses in Phase II.
Between March and April 2019, the nursing profes-
sionals responsible for the oral medication prepa-
ration and administration through nasogastric tube
undertook direct observation.



For this study, the following improvement mea-
sures were selected: outcome, process, and balance.

Outcome measures

The frequency of obstructed tubes and the cost of
the obstructions were monitored in Phases I and
II. To collect data on the obstructions, a form was
prepared containing the following information: pa-
tient name, date and time of obstruction, actions
necessary to remove the obstruction, and the result
of actions (whether the tube was cleared or not).
The patient’s medical record was accessed to obtain
evidence of obstructions (need to change the tube,
examination, and x-ray report to verify the position-
ing of the tube after a new insertion procedure and
materials used for the insertion of the new tube).
The incident reports (focusing on obstructions),
carried out by the nursing team and monitored by
the institution’s Patient Safety Center, were also
analyzed. To calculate the cost of obstructions, the
following variables were considered: average time
spent by the nurse to insert the new nasogastric tube
into the patient, labor cost related to the insertion
procedure of the tube, and cost of hospital materials
used in the insertion procedure of the tube. The av-
erage time spent by the nurse during blind insertion
of the tube at the bedside was calculated for seven
procedures performed by two different nurses. The
time was measured in seconds and with the help of
a clock, from the moment the professional entered
the patient’s room until his departure.

Process measures

For the preparation of the solid drug, the follow-
ing frequencies were monitored: handwashing be-
fore and after preparation; disinfection of mortar
and pestle before preparation; more than one drug
prepared in the same container; correctly prepared
solid drug and correctly reconstituted solid drugs.
For the administration of oral medication: tubes
tested before administration of the medication;
drugs administered separately; tubes flushed with
at least 15 ml of filtered water before medication
administration; tubes flushed with at least 10 ml
of filtered water between one medication and the

other: tubes flushed with 15 to 30 ml of filtered
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water after the end of the medication, and hand-
washing after medication administration. Data
were collected with the help of an electronic form,
developed by the researcher, and face and content
validated by five experts; a practical step-by-step
guide was elaborated for the medication and ad-
ministration techniques through nasogastric tube.
Direct observation of the nursing team was also
performed during the medication preparation and
administration through a tube.

Balance measures

The time two distinct nursing technicians spent
during the medication preparation and administra-
tion through nasogastric tube was calculated. The
time was measured in seconds and with the help of
a clock, from the moment the professional washed
hands for the preparation until the handwashing
after the medication administration. PDSA cycles
were performed to reduce errors in the preparation
and administration of oral medications via naso-
gastric tube between August and November 2019.
The following changes were tested: implementation
of the guide of good practices in the preparation
and administration of oral medication via tube;
provision, at the nursing station, of the step-by-
Step preparation and administration of oral drugs
via tube; provision of a list of drugs that cannot be
crushed; training of the nursing staff; replacement
of aluminum mortar and pestle for porcelain and
standardization of the use of a 20-ml syringe in ster-

ile and individualized packaging.

PDSA Cycle 1

The quality improvement team gradually imple-
mented the changes over four months. PDSA
cycle 1 was conducted between 08/20/2019
and 08/23/2019 and involved training of three
nursing professionals, which occurred through
a dialogue-based presentation of the medication
preparation and administration techniques and
dynamics with images to memorize the step-by-
step of both techniques. During this period, 14
doses of oral drugs were observed during prepa-
ration and administration in three patients using
a tube.
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PDSA Cycle 2

PDSA cycle 2 was performed between 09/16/2019
and 09/20/2019; it involved the training of two
nursing professionals and 14 doses of oral drugs
were observed during preparation and administra-
tion in three patients with a tube. The following
changes were tested: the step-by-Step preparation
and administration guide for oral drugs via nasoga-
stric tube was made available at the nursing station,
as well as a list of drugs that cannot be crushed,
for consultation during the preparation of doses.
Two nursing professionals were trained and ob-
served concerning the execution of the techniques
to maintain the 50% reduction of non-conformities
in both processes.

PDSA Cycle 3

The goal of this cycle was to expand the training to
all nursing professionals in the medical clinic, to-
taling 18 professionals. It also aimed to reduce the
frequency of errors in the preparation and admin-
istration of solid drugs via tube by 50%. This cycle
took place between 09/25/2019 and 10/01/2019
and 18 doses of solid drugs were observed during
preparation and administration via tube, by nine
nursing professionals, in five patients. During this
cycle, the following changes were tested: standard-
ization of the use of the 20-ml syringe in sterile and
individualized packaging for the preparation of oral
medications, replacement of aluminum mortar and
pestle, and acquisition of two units of porcelain
mortar and pestle for the medical clinic.

PDSA Cycle 4

PDSA cycle 4 occurred in the period from
11/01/2019 to 11/08/2019 and involved the ob-
servation of 20 doses of oral drugs prepared and
administered by six nursing professionals in three
patients using a tube. The objective was to verify if
the improvement was maintained after 30 days of
training of the entire nursing team. The data was
entered on the online platform Survey Monkey and
transferred to Microsoft Excel spreadsheets’, where
the descriptive analyses were performed. To esti-
mate the cost related to the obstruction, the direct
costing method” and the “bortom-up” typology
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were used for greater detail and rigor in the evalu-
ation of the attributable cost components.® Thus,
the estimation of the intervention (or change) ef-
fects respects the essential aspect to establish a cost
function: cause and effect relationship® between
the cost driver and the resulting costs, in the case
between the direct cost of Phase I and Phase II, as
resulting from the quality improvement project.

Approval for the study was obtained from the
Research Ethics Committee of the University of
Sao Paulo at Ribeirao Preto College of Nursing
(CAAE: 91976318.6.0000.5393). The study par-
ticipants signed the Informed Consent Form and
were informed that the results of the research were
intended for publication, with guaranteed secrecy
and anonymity.

Results

In Phase I, 92 doses of drugs were observed and
procedures were performed correctly in only 3.3%
of the direct observations. The most frequent er-
rors identified during preparation were: hands not
washed before preparation (71; 77.2%); mortar and
pestle not disinfected with soap water or 70% alco-
hol before preparation (69; 75%); wrongly recon-
stituted solid drug (69; 75%); more than one med-
ication mixed in the same container (46; 50%) and
hands not washed after medication preparation (83;
90.2%). The most frequent errors identified during
oral medication administration were: tube place-
ment not tested before administration (87; 94.6%);
tube not flushed with at least 15 ml of filtered or
sterile water before administration (86; 93.5%);
drugs not administered separately (46; 50%); tube
not flushed with at least 10 ml of filtered or ster-
ile water between one medication and another (61;
66.3%) and hands not washed after medication ad-
ministration (70; 76.1%).

In Phase II, 66 medication doses were observed
and improvements were identified in the following
process measures: hands not washed before prepa-
ration (6; 9.0%); mortar and pestle not disinfected
with soap water or 70% alcohol before preparation
(115 1.6%); incorrectly reconstituted solid medica-



tion (0; 0%); more than one medication mixed in
the same container (0; 0%) and hands not washed
after preparation (24; 36.3%).

The process measures related to medication
administration improved as well: tube positioning
not tested before the medication administration (6;
9.0%); tube not flushed with at least 15 ml of fil-
tered or sterile water before medication administra-
tion (10; 15.1%); drug not administered separately
(0; 0%); tube not flushed with at least 10 ml of fil-
tered or sterile water between one drug and another
(0; 0%) and hands not washed after medication ad-
ministration (20; 18.1%).

The following chart (Figure 1) shows the be-
havior of the process measures monitored over
time. The results are displayed as percentages,
according to the observation period, i.e. Phase I
(baseline) and Phase II (PDSA cycles 1, 2, 3, and
4). As observed, the error frequencies during the
oral medication preparation and administration
processes through nasogastric tubes decreased
over time.

Concerning the analysis of the cost of the na-
sogastric tube insertion, the time the nursing pro-
fessional spent during the insertion of the tube, the
average labor cost, cost of hospital materials, and
cost of tube obstruction were considered in Phase I

and II (Tables 1 and 2).
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Phase I was performed during thirty days, when
three patients presented tube obstruction, and the
average cost of obstruction per patient was R$
1,251.05 per month. One of the patients present-
ed three obstructions, which required tube replace-
ment. Due to the difficulty of inserting the new na-
sogastric tube blindly at the bedside, the procedure
had to be performed by endoscopy. During one of
the endoscopy procedures, however, the patient
presented a loss of oxygen saturation and required
hospitalization in an intensive care unit (ICU).

Phase II was performed during three months,
when only two patients had obstructed tubes, and the
average cost of obstruction per patient was R$ 23.31
per month. In addition to the five obstructions veri-
fied in Phase I (Table 1), which required a new inser-
tion procedure, according to evidence in the medical
record, five others were identified, which the nursing
team was able to reverse through the use of cold wa-
ter, lukewarm water and/or simethicone. In Phase 1I,
during cycles 1, 2, and 4, no tube obstruction was ver-
ified. In the third PDSA cycle (phase II), there were
two obstructions requiring tube replacement and the
cost was also calculated, according to Table 2.

The frequency of tube obstruction also decreased,
from 33.3% in Phase I to 7.4% in Phase II, consider-
ing the number of patients with tube obstruction and
the duration of each study phase. To calculate the cost

Percentage

22

1
10 14
7

0 0 0
0 8 Py

Did not wash hands Did not disinfect the ~ Mixed more than Did not prepare  Did not reconstitute  Did not wash hand

before preparation  mortar and pestle one drug in the solid icati solid icatic after

Did not test tube Did not flush the  Did not administer  Did not flush the Did not flush the  Did not wash hands

with soap water or same container correctly correctly preparation

70% alcohol before
preparation

et Baseline (N=92) 1st PDSA Cycle (N=14)

Procedures

2nd PDSA Cycle (N=14)

ing before  tube with at least the drugs tube with at least  tube with at least after the medication
medication 15 ml of filtered or separately 10 ml of filtered or  15-30 ml of filtered administration
administration  sterile water before sterile water  or sterile water after
medication between one the end of the
administration medicine and medication
another

3rd PDSA Cycle (N=18) i 4th PDSA Cycle (N=20)

Figure 1. Trend chart of process measures monitored over time
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Table 1. Costs related to nasogastric tube obstruction during hospitalization, in Phase |

Material Unit value (in Reais) Patient 1 Patient 2 Patient 3 Total
Tube fixation device 4.64 3 1 1 B
Gastric tube 30.21 3 1 1 5
20-ml syringe 0.46 0 0 1 1
0.9% Sodium Chloride 1.21 0 0 1 1
Procedure gloves (pair) 0.27 3 1 1 5)
Sterile gauze 0.22 3 1 1 B
Tube insertion 12.60 0 0 1 1
Abdominal x-ray 20.34 0 0 1 1
Endoscopy 640.46 3 1 0 4
Daily rate adult ICU 980.00 1 0 0 1
Value per patient R$ 3,007.40 R$ 675.80 R$ 69.95 R$ 3,753.15
Average per patient R$ 1,251.05
Source: Data from Billing sector of the Institution, 2019.
Table 2. Costs related to nasogastric tube obstruction during hospitalization, in Phase Il
Material Unit value (in Reais) Patient 1 Patient 2 Total
Tube fixation device 4.64 1 1 2
Gastric tube 30.21 1 1 2
20-ml syringe 0.46 1 1 2
0.9% Sodium Chloride 1.21 1 1 2
Procedure gloves (pair) 0.27 1 1 2
Sterile gauze 0.22 1 1 2
Tube insertion 12.60 1 1 2
Abdominal x-ray 20.34 1 1 2
Value per patient R$ 69.95 R$ 69.95 R$ 139.90
Average per patient R$ 69.95

Source: Data from Billing sector of the Institution, 2019.

of inserting the nasogastric tube, the time the profes-
sional spent on inserting the tube was considered. The
mean time to perform the procedure was 20 minutes.
Considering the professional’s workload, charges, sal-
ary, and the time spent to perform the tube insertion
procedure, the procedure cost the institution R$12.60.
When comparing the time the nursing technician
spent to prepare and administer solid medication via
nasogastric tube in both phases, more time was verified
in Phase I, that is, 2 minutes and 48 seconds, versus 1
minute and 34 seconds in Phase II. The costs of both
procedures was also calculated, including all expenses
and values in Phase I and Phase II, which correspond-
ed to R$1.03 and R$ 0.33, respectively. Hence, it was
verified that, after the changes tested in the PDSA cy-
cles, in addition to time savings for the nursing team,
the cost for the institution dropped.

Discussion

The external generalization of this improvement
program’s effectiveness needs to be demonstrated
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in future research. In this study, the time the nurs-
ing team spent to clear the tube was not calculated
for the sake of further cost analysis. This variable
should be considered in future studies.

In this study, errors were appointed in the prepa-
ration and reconstitution of the solid drug. Lack of
standardization and knowledge of the team about
the technique were detected during data collection.
The mixture of more than one medication in the
same container was verified in 50% of the prepared
doses. Research conducted in three Brazilian hospi-
tals showed that the most common incident in oral
medication preparation was the mixing of tablets
with other medication (43.5%).? Evidence also
suggested that 91% of the nurses often mix solid
drugs in the same container during dose prepara-
tion® and the professionals’ low knowledge level
contributes to the likelihood of errors relating to
this technique.!*!?

In this study, the medication administration
process through nasogastric tube also presented
non-conformities: the tube positioning test was
not performed, the tubes were not flushed before



the medication administration, the tube was not
flushed between one medication and another, the
drugs were not administered separately. Similar re-
sults were observed in a study conducted in three
Brazilian public hospitals. According to the authors,
in 67.6% of the administered doses, the profession-
al did not test the tube position; in 65.6% of the
observations, the drugs were administered together
and, in 86.5%, the tube was not flushed between
one drug and another.? In another study conduct-
ed in a hospital in the state of Parand, the results
showed that only 42% of the health professionals
flushed the tube before, between, and after the ad-
ministration of the drug and only 9% of the team
mentioned the importance of this action after the
end of the administration.!?

The non-conformity in the oral medication
preparation and administration through nasogas-
tric tube contributed to the tube obstruction events
identified in this study. This incident was also com-
mon in earlier studies.""*'? According to the re-
searchers, the obstruction rates varied from 12% to
45% and resulted in worse outcomes for the pa-
tients, as the incident contributed to delays in en-
teral diet administration and increased costs for the
health institutions.?

In this study, the frequency of obstructions de-
creased over time (from 33.3% in Phase I to 7.4%
in Phase II). This result can be related to the chang-
es implemented in the processes, which included
training of the entire nursing team. In a study con-
ducted in two Dutch hospitals, after the implemen-
tation of PDSA cycles, there was a reduction in the
rate of tube obstruction, as well as a significant re-
duction in administration errors.!¥

In another study, however, the researchers eval-
uated the influence of the use of different agents
on the clearing of gastric probes, including sterile
water, baking soda, papain, digestive enzymes, co-
la-based soda, orange juice, and pineapple juice."
According to the researchers, the test results revealed
that some of these products significantly changed
the inner surface of the tube and that this degrada-
tion may be harmful to patients and should not be
used in clinical practice."” Therefore, flushing the
probe with at least 30 ml of water during the con-
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tinuous infusion of enteral diet in adult patients;
flushing the tube with at least 30 ml of water after
checking the residual gastric volume; flushing the
tube before and after administration of medication
and enteral diets and between the administration of
one drug and another, are other important preven-
tive measures to keep the tubes permeable and free
from obstructions. In addition, available evidence
has shown that drinking or sterile water is the pre-
ferred fluid to flush the tubes, reconstitute or dilute
enteral formulae and medicines.!?

In this study, the nursing team used cold water,
lukewarm water and simethicone to clear the tubes.
According to the Handbook of Drug Administration
via Enteral Feeding Tubes,"” tubes should be cleared
with 15 to 30 ml of cold or lukewarm water. The
first option for clearing the tube is flushing with
lukewarm water in gentle back and forth move-
ments, and the second option is the use of pancre-
atic enzyme solution.®

The changes in the oral drug preparation and
administration processes through nasogastric tubes
influenced the time the nursing technician spent
preparing and administer solid drugs (average time
2m 48s in Phase I and 1m 29s in Phase II). In ad-
dition, they also influenced the direct costs of ob-
struction per patient also impacted (average cost R$
1,251.05 in Phase I and R$ 23.31 in Phase II).

Considering that obstructions are preventable
incidents, the results of this study demonstrate that
the non-conformities observed in oral medication
preparation and administration through nasogastric
tubes can result in waste, which are actions that do
not add value to the product or service, but that
generate unnecessary costs and expenses for insti-
tutions,"” in addition to worsening the patient
outcomes.

Conclusion

As verified, the collaborative quality improvement
approach, based on PSDA cycles, contributed to
the reduction of most non-conformities observed
in oral medication preparation and administration
through nasogastric tubes. Those changes affected
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the mean time nursing professionals spend on med-
ication dose preparation and administration, the
frequency of tube obstruction, and the costs related
to this important safety incident.
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