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ABSTRACT

In developing countries, intravenous (IV) catheter related infections (CRI) rate is generally high. Neonates are more susceptible
to develop CRI. We examined the impact of a quality improvement project on IV CRI rates in the neonatal intensive care unit
(NICU) of a district hospital in Rwanda. A pre- and post-intervention study was conducted from 2014 to 2016 to evaluate the IV
CRI rate and nurses’ IV management technique. A written test was administered to evaluate their knowledge on the matter. The
intervention had three components: First implementing an IV management policy. Secondly, training staff on the policy and
finally, managers provided support and supervision during the change. We measured five indicators: (1) the IV CRI rate; (2) the
percentage of nurses who tested ≥ 80% on IV management knowledge; (3) the percentage of IV devices changed following the
World Health Organization (WHO) guideline; (4) IV management technique; and (5) the hospital length of stay (LOS). The IV
CRI rate reduced from 32.1% to 14.5% (p < .001). The hospital LOS reduced from 15.31 to 7.43 days (p < .001). The compliance
of changing IV following WHO guideline increased from 0% to 99% (p < .001); proper IV management technique use increased
from 43% to 96% (p < .001); the mean rank of staff on IV management knowledge score significantly increased from 3.5 to
9.5 (p = .004). This project demonstrates that a quality improvement project can help address the IV CRI at very low cost in a
resource-challenged setting.
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1. INTRODUCTION
Intravenous (IV) therapy is an indispensable part of clinical
care used in a wide variety of healthcare settings.[1–4] In-
travascular catheterization involves using a needle to insert
through the skin and into the blood vessel.[5] The variety
of procedures that requires IV catheterization has increased
significantly with the advance in medical technology. IV

therapy can be used for correcting electrolyte imbalances,
delivering medications, blood transfusion, fluid replacement,
or chemotherapy.[6, 7] The IV route is also the fastest way
to deliver fluids and medications throughout the body; IV
therapy has 100% medication bioavailability.[8]

Despite IV catheterization being an essential life-saving med-
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ical intervention, the use of IV catheters has been associated
with catheter related infections (CRI).[5, 7–9] IV CRI can cause
serious illness and disabilities, longer length of stay (LOS),
higher health expenses and even death.[1, 2] Studies have in-
dicated the rates of CRI ranged from 6.4 to 8.3 episodes per
1,000 patient days in neonatal intensive care unit (NICU) in
the United States of America; caused approximately 90,000
deaths and cost almost $4.5 billion annually.[10–13] The bur-
den of CRIs in developing countries is more severe; with
reported IV CRI rates varying from 4.5% to as high as to
38.1%.[14–17]

Many factors contribute to the risk of IV CRI. Neonates,
with still developing immune systems, are more susceptible
to develop CRI; particularly those who receive more invasive
care.[16] The potential risk for infection significantly in-
creases when the IV catheter is left in situ for more than 3 to
7 days,[18–20] or when left in place with no present therapeutic
use (idle insertion).[20, 21] The skills and techniques used in
inserting IV catheter also have an impact on IV CRIs. There
is a positive correlation between the number of attempts to
insert catheters and IV CRI rates.[22, 23] Study has shown that
the chance of infection significantly increased from 35.3%
to 88.9% when the number of attempts increased just from
two to three.[22] Studies have shown various forms of edu-
cation, including training on IV catheter handling, dressing,
hand hygiene and hub disinfection could improve the com-
pliance of health care workers on IV catheter management
and effectively decrease IV CRI rates.[24, 25]

There have been an increasing number of hospital quality
improvement efforts in Rwanda in the recent years offering
specific examples of how these efforts have proved bene-
ficial to the provision of basic care processes,[26] reducing
waiting time,[27] documentation compliance,[28] and patient
flow.[29] However, few published studies related specifically
to reducing IV CRI in Rwanda exist. Accordingly, we sought
to examine the impact of a quality improvement project on
IV CRI rates in the NICU of a district hospital in Rwanda.
Findings from this study may be useful for other quality
improvement initiatives in similar resource-limited NICU.

2. METHOD
2.1 Setting
Our study was conducted in the NICU of Kibogora District
Hospital, where reports showed high IV CRI. The neonatol-
ogy ward in the hospital has 10 beds, 6 incubators, 8 cribs,
with an average occupancy rate of 104%. In 2013, about 90%
of the 490 babies admitted to the neonatology unit received
IV procedures. Despite the high frequency of applying IV
procedures, the neonatology unit had no standard guideline
or policy to direct IV management practice before our inter-

vention. Nurses’ skills or practices were not monitored or
supervised.

2.2 Design and sample
We conducted a pre- and post-intervention study to examine
the impact of a quality improvement projects on the IV CRI
rates in the neonatology unit in the hospital, the initial as-
sessment was conducted from December 2014 to February
2015.

For the IV CRI rates, the pre-intervention baseline data was
collected using a IV CRI data collection form adapted from
World Health Organization (WHO) recommendation (see
Table 1).[20] Data was collected during three months from
December 2014 to February 2015 and repeated from January
to March 2016, one month after implementation. The pre-
and post-intervention samples involved all babies in the unit
with IV insertions during the study period. We have also
collected the number of days patients stayed in the hospital
for the same periods.

For the IV management knowledge of nurses, we adminis-
tered a written test to all six nurses working in the neona-
tology unit. The test included 3 questions: (1) Define signs
and symptoms of IV catheter related infection; (2) What are
the 4 causes of IV catheter related infection? And (3) What
are the appropriate time the catheter and related accessories
needed to be changed?

For the competency of nursing in IV management, the head
nurse conducted a 1-month observation study in June 2015
to see if proper aseptic techniques were used in the inser-
tion and management of IV catheters. All IV related work
activities by the nurses in the neonatology unit were ob-
served during the one month study period. A competency
checklist was used to collect and record information during
the observation. There were 6 items on the checklist, this in-
cluded: (1) Can the nurse find the vein in less than 2 attempts?
(2) Conduct aseptic/proper IV management technique in the
handling of needle when it is not in the catheter; (3) Conduct
aseptic/proper IV management technique during weighing;
(4) Conduct aseptic/proper IV management technique during
changing clothes; (5) Conduct aseptic/proper IV manage-
ment technique during changing perfusion; and (6) Conduct
aseptic/proper IV management technique during giving med-
ication. Each of the 6 items was considered as an opportunity
and was measured against the actual performance.

For the IV management practice, we followed a cohort of pa-
tients in the unit between April and July 2015 and recorded
the duration and frequency when their IV lines, bags and
catheters were changed and compared to the WHO recom-
mended standard.[17]
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Table 1. Tools for data Collection IV Catheter infection
 

 

KIBOGORA HAI SURVEILLANCE CHECKLIST Surveyor Name: ____________________________ 

Date: Patient ID No.: Patient Initials: 

Unit Name: Unit Specialty: Bed No:  

PATIENT INFORMATION: 

Date of Admission: Age: Weight:  Male      Female   

Relevant Medical History: 

Reason for Current Admission: 

RISK FACTORS FOR HOSPITAL ACQUIRED INFECTION (Check all that apply) 

Risk Factors  
Date 1 site 
Inserted: 

Date 1  
Removed: 

Date 2 site 
Inserted: 

Date 2  
Removed: 

Date 3 site 
Inserted: 

Date 3 
Removed: 

HIV  No      Yes        

Neonate  No      Yes        

IV Catheter  No      Yes        

 

Risk Factors  
Date 4 site 
Inserted: 

Date 4 
Removed: 

Date 5 site 
Inserted: 

Date 5 
Removed: 

Date 6 site 
Inserted: 

Date 6 
Removed: 

HIV  No      Yes        

Neonate  No      Yes        

IV Catheter  No      Yes        

CLINICAL FINDINGS (only check yes if findings started 48 hours after IV insertion) 

Findings 
Yes If Sign of 
Infection 

Notes (You must check all that apply if there are signs of 
infection that appear 48 hours or more after admission) 

Temp  > 38 ℃ for > 24 hours 

Hypothermia < 36, apnea, not feeding well 
 No   Yes   Date started: 

IV Catheter Infected (suspect) Previous IV site 
infected 

 No   Yes   
Redness at site            Localized Swelling   
Pain to touch             Hot to touch 

SUSPECT HAI? 

Findings  Notes 

IV catheter site infection  No      Yes    

Other infection: _________________  No      Yes    

WHO 2002 DEFINITIONS OF HAI 

Code Type of Nosocomial Infection Criteria 

VCI 
Vascular Catheter Infection 
Umbilical venous catheter 

Shows any of the following symptoms: 
(1) Inflammation 
(2) Lymphangitis  
(3) purulent discharge at the insertion site of the catheter 

 

 2.3 Intervention

A project team was formed including the chief of nursing,
physicians and nurses from the neonatology unit. The team
following the Strategic Problem Solving (SPS)[30] approach
to design the quality improvement project. The SPS is a step-
by-step process allowing the team to identify the problem,
set objective, collect evidence and data to conduct root cause

analysis, compare and select the best intervention among
different alternative solutions, implement and evaluate the
intervention. The intervention we selected to reduce IV CRI
and improve IV management practice included three main
areas: (1) establishing IV management guideline, (2) staff
training, and (3) supportive supervision to help nursing staff
to fully understand and implement the standard practice.
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The team consulted the physicians and nurses and developed
the IV management policy and procedures for the neonatol-
ogy unit based on the WHO guidelines. A series of staff
trainings on the new IV management policy and procedures
were organized. The training was a half-day session and
was repeated 3 times to ensure all staff working in differ-
ent shifts could participate. Printed handouts and training
materials were provided to the unit and made available to
all staff working in the unit. In order to ensure all nurses
working in the neonatology unit understand the new prac-
tice and were fully supported, the chief of nursing provided
supportive supervision two times a week during the initial
implementation period. All nurses in the neonatology unit
were being observed at least 2 times during the first month
of implementation, and more if needed. The chief of nursing
conducted one-on-one meetings with individual nurses to
provide feedback on their performance. The new IV manage-
ment policy and procedures were officially implemented in
December 2015.

2.4 Data and measures
We measured and compared the pre- and post-intervention
results of the following five indicators: (1) the IV CRI rate in
the neonatology unit; (2) the percentage of nurses who had
testing scores ≥ 80% on IV management knowledge; (3) the
percentage of IV devices that were changed according to the
WHO guideline; (4) IV management technique; and (5) the

LOS in hospital. We have also compared the LOS of patients
with or without IV CRI.

2.5 Data analysis
Chi Square tests were used to compare the pre- and post-
intervention IV catheter infection rates, the percentages of
IV devices that were changed according to the WHO guide-
line, and IV management technique. Fisher’s Exact test was
used to compare the pre- and post-intervention percentages of
nurses who scored 80% or higher on IV management knowl-
edge test due to smaller sample size. Two-independent sam-
ple t tests were used to compare the pre- and post-intervention
LOS as well as between patients with and without IV CRI.
All data analysis were completed using SPSS v.17.0 statisti-
cal software at a significance level of p ≤ .05.

3. RESULTS
Out of 134 babies admitted with IV catheter in the pre in-
tervention, a total of 43 (32.1%) infections were found. A
total of 30 infections were found out of 207 (14.5%) babies
admitted with IV catheters in the post intervention period.
The IV CRI rate was significantly reduced from 32.1% in
pre-intervention to 14.5% in post intervention, with p < .001.
The average LOS reduced significantly from 15.31 days
(SD = 5.39) pre-intervention to 7.43 days (SD = 3.80), with
p < .001 (see Table 2).

Table 2. Summary of pre- and post-intervention results
 

 

 Pre intervention  Post intervention  Change p-value 

Babies with IV catheter (N)                                   134 207 - - 

IV catheter infection rate 43 (32.1%) 30 (14. 5%) 17.6% < .001 
Mean LOS (standard deviation) 15.31 (5.39) 7.43 (3.80) 51.5% < .001 
IV device changing compliant to guidelines (N)     134 207  - 

Changing IV line   0 (0%) 205 (99%) 99% < .001 
Changing IV bag  120 (89.1%) 207 (100%) 10.9% < .001 
Changing IV catheter   5 (3.7%) 203 (98.1%) 94.4% < .001 

Idle IV catheter  41 (30.6%) 2 (1%) 29.6% < .001 
IV technique observed  (N)                                   53 150 - - 
Proper technique used 23 (43%) 144 (96%) 53% < .001 

Nurses with IV Knowledge score ≥ 80% (N)           6 6 - - 
Percentage 2 (33%) 6 (100%) 67%  .03 

 

The nursing practice compliance rates on IV device man-
agement according to WHO guideline also improved.
The compliance rate of changing IV line significantly in-
creased from 0% pre-intervention to 99% post-intervention
(p < .001); changing IV bag compliance significantly
increased from 89.1% pre-intervention to 100% post-
intervention (p < .001); changing IV catheter compli-

ance increased from 3.7% pre-intervention to 98.1% post-
intervention (p < .001), idle IV catheter decreased from
70.6% pre-intervention to 1% post-intervention (p < .001);
proper technique used increased from 43% pre-intervention
to 96% post-intervention (p < .001); the mean rank of staff
on IV management knowledge score significantly increased
from 3.5 pre-intervention to 9.5 post-intervention (p = .004)
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(see Table 2).

Among the 341 patients in the pre- and post-intervention
periods, 123 patients developed IV CRI and had an average
LOS of 17.22 days (SD = 3.97); which was significantly
higher than the LOS of 6.74 days (SD = 2.48) among the 218
patients without IV CRI, with p < .001 (see Table 3).

Table 3. Comparison of LOS in hospital between patients
with and without IV CRI

 

 

 With IV CRI Without IV CRI p-value 

Sample N 123 218 - 
Mean LOS (SD) 17.22 (3.97) 6.74 (2.48) < .001 

 

4. DISCUSSION
The results of the quality improvement project significantly
increased the compliance rate of proper management of IV,
reduced the unnecessary idle IV, increased the IV manage-
ment knowledge of the nurses and, most importantly, de-
creased the rate of IV CRI as well as an association in re-
duced LOS in the neonatology unit. Apart from time invest-
ment and training the organization, the project did not incur
financial cost to the hospital. Our project showed that by fol-
lowing the step-by-step SPS approach, quality improvement
project can succeed without requiring significant investment
from the hospital. The results of our study also showed pa-
tients with IV CRI have significantly longer LOS in hospital
compare to patients without IV CRI, which is consistent with
other published studies.[1, 2]

The team identified a focused and manageable problem that
was within their control, thus making the intervention pos-
sible. We chose to focus on one single issue to solve first
allowing us to create visible success and thus securing buy-in
from the staff. Setting an achievable and realistic objective
was also important to the success of this project. Showing
positive results encouraged and motivated staff to continue
their effort. A detailed assessment of the magnitude and
root cause allowed us to identify the gap in practice and to
formulate a clear and tangible intervention.

The team presented the results of the assessment to the hos-
pital senior management team at an early stage to gain their
approval to assure institutional support for the changes. Ad-
ditionally, we included physicians and nurses from the begin-
ning of the project to ensure the project get the support from
both the leadership and front line staff. Involving affected
NICU staff in the problem solving process was proved to
be important. Their inclusion from the assessment to the
evaluation encouraged them to take real ownership of the
project. As a result, the implementation of the new practice
guidelines were not met with much resistance. Initially, some

doctors and nurses were concerned about how the new proto-
col would affected availability of some medical supplies in
the long term. The concerns were discussed with the finance
department and the hospital administration who reassured us
of their support and continued availability of supplies. By ad-
dressing their concerns, the doctors and nurses felt integrated
in the project team as oppose to feeling ordered to follow the
new system.

The team believed it was crucial to maintain open commu-
nication and provide feedback during the implementation
of the project. Each month, the team communicated the
project outcomes to the staff and department heads during
staff meetings. It was explained to them how each person’s
individual contribution had brought the department closer to
achieving its goal of reducing IV Catheter related infections.
The team selected an intervention that required minimal cost;
which was critical to the project’s feasibility and sustainabil-
ity. Apart from printing the guideline and training materi-
als, all other needed equipment and supplies were available
within the department or hospital at no additional cost.

Despite the success of the results, this project was not with-
out limitations. The post-intervention period of this project
was short, the sustainability of the initial success is not clear,
further follow up is needed. The results of our study showed
an association with reduction in hospital LOS, however, hos-
pital LOS is affected by many factors, thus we cannot be
certain that the reduction was due to our intervention. Also,
the project did not utilize a case-control study design, we
cannot eliminate confounding factors to any outcome or im-
pact. The study was limited to a single department in a single
hospital; results may differ in other settings.

By applying the step-by-step systematic strategic problem a
solving method, a quality improvement project was designed
and implemented to reduce the IV CRI rate and enhanced
proper IV management practice without cost added to the
hospital.
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