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PROCESS OF INSERTION, MAINTENANCE AND REMOVAL 
OF PERIPHERAL INTRAVENOUS CATHETERS: PREVENTIVE 

RISK ANALYSIS

ABSTRACT
Objective: to demonstrate the applicability of the Healthcare Failure Mode and Effect 
Analysis tool to analyze, preventively, the risks related to the process of insertion, 
maintenance, and removal of peripheral intravenous catheters. Method: theoretical study, 
conducted from August to November 2022, in São Paulo-SP, Brazil, whose process was 
mapped in stages/activities, detailing the failure modes, using the tool. The Risk Priority 
Number was calculated, the severity and probability matrix was elaborated, adapted 
to health by DeRosier and collaborators, and actions were proposed to reduce failure 
modes. Results: The major risks identified were: “perform antisepsis of the area to be 
punctured with an alcohol swab” and “disinfect the connector with an alcohol swab”, and 
were recommended training and use of kit materials as the main mitigation strategies. 
Conclusion: knowing the risks associated with peripheral intravenous catheters is the basis 
for the implementation of preventive strategies, minimizing the occurrence of damage and 
the associated healthcare costs. 

DESCRIPTORS: Catheterization, Peripheral; Administration, Intravenous; Nursing Care; 
Hospital Units; Risk Management.

HIGHLIGHTS
1. Risks associated with the use of peripheral intravenous catheters.
2. Mapping of risks on catheter insertion, maintenance, and removal.
3. Risk prevention through process mapping.
4. Preventive strategies aiming at the safety of intravenous therapy.
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INTRODUCTION 

The insertion of a peripheral intravenous catheter (PIC) consists of a puncture, 
through a device, usually performed in the region of the forearm or dorsum of the hand, 
often performed by nursing professionals. It is required for patients who need to administer 
intravenous therapy (IVT) such as fluids and drugs and is generally safe and easy1.

The proper insertion, maintenance and removal of a PIC requires that the nursing 
professional knows the associated risks to promote patient safety and quality of care, 
prioritizing activities that can mitigate the occurrence of adverse events (AEs) such as 
phlebitis, infiltration, extravasation, and catheter obstruction.

Health services have experienced increased costs related to the time spent and 
resources consumed for the management of injuries resulting from preventable AEs2-3. It is 
noteworthy that the time spent by health care professionals to repairing a particular injury 
could be directed to the adoption of proactive actions to prevent the occurrence of AEs, 
providing other care and health education to the patient and family.

A study conducted in the United States of America (USA), when evaluating the 
complications and failures related to IVT (phlebitis, infection, infiltration, extravasation, and 
occlusion of the PIC), found that the cost related to attempted punctures corresponded to 
US$ 122,850/month and the cost related to the puncture of a new PIC was US$ 13,860.00/
month3. In Brazil, a study estimated the total average direct cost at US$ 866,18/year for 
656 procedures performed for the treatment of 107 phlebitides in 96 patients2.

According to the World Health Organization (WHO), providing safe care in complex 
environments such as healthcare is one of the most difficult challenges today, and the harm 
from AEs costs trillions of dollars annually. In Europe, 15% of hospital expenses can be 
attributed to AEs treatment. Thus, the cost of preventing AEs from occurring is less than 
the cost of treating it. In the US, after the implementation of safety improvements in the 
care provided in Medicare hospitals, the savings were approximately $ 28 billion between 
the years 2010 and 20154.

The Joint Commission on Accreditation of Healthcare Organizations (JCAHO) 
recommends the implementation of a preventive program to identify risks and define 
actions to reduce errors in the provision of care.  With this intent, it indicated the adoption 
of the Failure Mode and Effect Analysis (FMEA) tool, for its focus on anticipating problems 
and addressing hypothetical situations, if failures can occur, even with skilled and attentive 
people5.  

Based on the FMEA, the Healthcare Failure Mode and Effect Analysis (HFMEA) 
was developed, adapting the severity and frequency concepts to the healthcare area. 
The HFMEA is conducted through five steps: 1) identification of the topic, area of risk or 
vulnerability; 2) definition of the cross-functional team, related to the topic, area of risk 
or vulnerability; 3) description of the process flows and sub-processes; 4) risk analysis, 
classifying the failure modes according to the severity and probability of each sub-process; 
5) definition and conduction of actions to reduce failure modes, responsible parties, and 
expected results6.  

It is noteworthy that the increasing complexity of care and the insertion of new 
technologies in health services may represent a greater risk of harm to patients, requiring 
vigilance with a view to safe care7. From this perspective, the present study aimed to 
demonstrate the applicability of the Healthcare Failure Mode and Effect Analysis tool 
to analyze, preventively, the risks related to the process of insertion, maintenance, and 
removal of peripheral intravenous catheters.
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This is a theoretical study, carried out from August to November 2022, through 
which the process of insertion, maintenance, and removal of PIC was mapped, detailing 
the failure modes of each stage.

For the preparation of the HFMEA, a group composed of two nurses (one 
specialized in medical-surgical clinic and the other in vascular access) and an engineer 
(with theoretical and practical knowledge of this tool) was formed that: a) defined the PIC 
insertion, maintenance and removal procedure, based on the recommendations of the 
Infusion Nursing Society (INS)8 and the National Health Surveillance Agency (ANVISA- in 
Portuguese)9; b) unfolded the process and activities; c) identified the hazards, effects of 
potential failures and controls; d) assigned probability and severity scores and calculated 
the RPN (Risk Priority Number); e) identified and standardized actions for failure mode 
reduction; f) prioritized the actions; and g) developed a proposal for a preventive and 
recurrent management agenda.

We categorized the severity of each hazard by assigning scores from 1 to 4, as 
follows: 1) mild - does not bring aggravation to the patient’s health status, has no future 
consequences on his health status and does not increase the period of hospitalization; 2) 
moderate - temporary aggravation of easy recovery, with no future consequences on health 
status and without increasing the period of hospitalization; 3) severe - relevant aggravation 
to the patient’s health, resulting in increased period of hospitalization; and 4) catastrophic 
- causing patient death, due to non-recoverable consequences or loss of function or organ 
failure6. Regarding probability, the risk could be categorized as: score 1 - remote, unlikely 
to occur (sometime between five and 30 years); score 2 - uncommon, possible to occur 
sometime (between two and five years); score 3 - occasional, likely to occur (may occur 
many times during one or two years); and score 4 - frequent, likely to occur immediately or 
within a short period (several times during a year)6.

The Risk Priority Number (RPN) was calculated by multiplying the severity and 
probability categories, mitigation actions should be taken when the RPN is greater than or 
equal to eight.

METHOD

RESULTS

The PIC insertion, maintenance, and removal process has been mapped into 10 steps 
as presented in Figure 1:
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Figure 1 - PIC insertion, maintenance, and removal process mapping: steps one to 10 - São 
Paulo, SP, Brazil, 2022

The mapped process was broken down into 45 activities, of which 24 related to 
steps one to four (Chart 1) and 21 to steps five to 10 (Chart 2), all analyzed through the 
application of the HFMEA tool.

Chart 1 - Detailing of activities, hazards, probability, severity, and risk categorization 
associated with steps one to four of the CIP insertion, maintenance, and removal process - 
São Paulo, SP, Brazil, 2022

Activity Hazard Probability Severity Risk
1. Check indication for peripheral 
venous puncture 

Unnecessary punching, wrong 
choice of device 4 1 4

2. Separate materials for puncture Separate incorrect material, forget 
material, inappropriate device 4 1 4

3. Enter the patient’s room 
and explain the reason for the 
puncture

Refusal to puncture, delay in 
therapy, change of route to 
administer medication

3 1 3

4. Clean the hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

5. Put a tourniquet on the arm 
and analyze the venous net to 
choose the puncture site and the 
size of the access

Not considering the best access 
option, puncturing arm with 
restriction, tourniquet too long, 
not positioning the tourniquet 
above the site

2 1 2

6. Release the tourniquet Forget to release the tourniquet 2 1 2
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7. Open materials Contamination of material, 
dropping material on the floor, 
damaging material, waste

1 1 1

8. Sanitize hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

9. Perform antisepsis of the area 
to be punctured with alcohol 
swap for 3 times or until it comes 
out clean

Contamination

3 3 9

10. Put on the procedure gloves Not putting on gloves 3 1 3
11. Put the arm back in tourniquet Too much garrote for too long, or 

forget to garrote 2 1 2

12. Perform the puncture with an 
angle of 15 to 45 degrees

Use inadequate angle 2 1 2

13. Observe venous return Do not observe venous return 2 1 2
14. In the case of puncture with 
an intravenous catheter, introduce 
the external part of the device 
(silicone part)

Transfix vein, not silicone 
progression 2 1 2

15. Remove the tourniquet Forget to release the tourniquet 2 1 2
16. Press with your thumb on the 
skin where the device is pointed 
and remove the mandrel

Loss of access, work accident with 
sharp 2 1 2

17. Connect the micro-claves Forget to connect, contaminate 
the clave 2 3 6

18. Aspirate the venous return Not aspirating and salinizing may 
lead to infiltration, loss of access 2 1 2

19. Proceed with the salinization 
of 20ml of SF 0.9%

Use less than 20ml, catheter 
obstruction, loss of access, vessel 
rupture due to capillary fragility

2 1 2

20. Fix the access by placing the 
appropriate cover

Use non-standardized cover, 
inadequate fixation 2 1 2

21. Dispose of the perforating-
cutting material in appropriate 
garbage

Accident at work with sharp 
objects 2 1 2

22. Remove gloves and sanitize 
hands

Professional contamination with 
biological material, contamination 2 1 2

23. Dispose of the rest of the 
materials

Inadequate disposal of regular 
garbage, environmental 
contamination

2 1 2

24. Make nursing notes. Not documenting materials 
involved, or puncture failures 4 1 4

Source: The Authors (2022).
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Chart 2 - Detailing of activities, hazards, probability, severity and risk categorization 
associated with steps five to ten of the PIC insertion, maintenance and removal process - 
São Paulo, SP, Brazil, 2022

Activity Hazard Probability Severity Risk
25. Separate materials for 
salinization

Not separating material properly, 
forgetting some material 3 1 3

26. Sanitize hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

27. Enter the patient’s room and 
explain the reason for salinization

Not explaining properly, the 
importance of salinization 3 1 3

28. Sanitize the hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

29. Inspect insertion site for signs 
of inflammation

Not checking for signs of 
inflammation 2 2 4

30. Disinfect connector with 
alcohol swap

Carry out disinfection without vigor, 
for inadequate time, forget to 
perform disinfection procedure

3 3 9

31. Connect the syringe to the 
connector

Contaminate connector during 
connection, no salinization 3 2 6

32. Infuse serum content and 
check for resistance, swelling, pain 
complaint, note any changes in 
access insertion

Do not check for signs of 
inflammation when infusing 2 2 4

33. Dispose of material in the trash Improperly disposing of in 
common garbage, environmental 
contamination

2 1 2

34. Sanitize hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

35. Write down procedure Not documenting materials involved, 
or puncture failures 4 1 4

36. Separate materials for removal 
from access

Not separating material properly, 
forgetting some material 3 1 3

37. Sanitize hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

38. Enter the patient’s room and 
explain the reason for removing 
the access

Failure to properly explain the reason 
for removal 2 1 2

39. Wash hands Incorrect technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

40. Remove the film from the 
patient’s skin

Removing film, causing pain to the 
patient 2 1 2

41. Remove access and press the 
insertion site with cotton

Bleeding, hematoma 2 1 2

42. Place bloodstop Bleeding, hematoma 2 1 2
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43. Dispose of material in the trash Improper disposal of common 
garbage, environmental 
contamination

2 1 2

44. Sanitize hands Improper technique, inadequate 
hygiene due to poor choice of 
solution, forgetfulness

2 3 6

45. Write down procedure Not documenting materials involved, 
or punching failures 4 1 4

Source: The Authors (2022).

The prioritization of preventive actions was calculated by weighting the number of 
hazards related to each activity and their respective risks. As shown in Chart 3, among the 
actions proposed to reduce failure modes in the process of insertion, maintenance and 
removal of the PIC, the following stand out periodic training on PIC and hand hygiene, care 
audit, and the establishment of a kit of materials and the deployment and implementation 
of a bundle of specific care for PIC.

Chart 3 - Prioritization of preventive actions to reduce failure modes in the process of 
insertion, maintenance, and removal of PIC - São Paulo, SP, Brazil, 2022

Risk Priority Number - RPN

Preventive Action 1 2 3 4 6 9 Total

Carrying out periodic training on PIC 1 28 3 8 6 18 64

Carrying out periodic training on hand hygiene  2   48  50

Carrying out an audit of the procedure  2   48  50

Establishment of a materials kit  12 6 4 6 18 46

Implantation and implementation of a Bundle   6 16   22

Periodic awareness-raising about the importance of proper 
nursing notes    12   12

Adoption of saline syringe for the maintenance of the AVP  2   6  8

Total 1 46 15 40 108 36 252
Source: The Authors (2022).

DISCUSSION 

The activities classified as risk six and nine were the most serious due to the risk of 
infection, such findings corroborate the study on interventions for prevention and treatment 
of AE phlebitis, in which the proper antisepsis of the patient’s skin and handwashing of 
the professional performing them were evidenced as the best preventive actions10, both 
requiring knowledge and attitude of the professional who is assisting the patient. It is 
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noteworthy that the practice of continuous periodic training, changes in the behavior of 
professionals and in the culture of the institution are important to improve adherence to 
hand hygiene11. In addition, the use of the traditional approach associated with audiovisual 
media and innovative techniques, mediated by technology, has been associated with better 
positive results in training12.

Based on the HFMEA analysis, the institution can establish a periodic training 
agenda so that the priority issues are constantly addressed and incorporated by the health 
team professionals. The management of priorities clarifies the objectives for leaders and 
their teams, focusing on preventive and recurrent actions, contributing to a good work 
environment. Therefore, it is essential to involve managers in planning and implementing 
educational actions13.

The HFMEA highlighted the importance of patient involvement during the process, 
which, besides being a complementary safety measure, has the potential to improve 
the patient’s experience now of care. Therefore, the health team needs to be prepared 
to promote patient involvement during care, and the institutions need to promote this 
interaction in a sustainable way14. In parallel to the training actions for the health team 
professionals, the patients’ involvement can be developed, as an example, through the 
interprofessional team round, in which the objectives for each patient are discussed, and 
they are involved in their own care15. For that, educational actions directed to the patient 
are essential, and for good learning it is necessary to consider the barriers, their level of 
understanding, and which resources to use (visual, written and/or auditory)16.

In the present study, auditing was indicated as an action that prevents the occurrence 
of 50 hazards. Research in Uganda has shown that the implementation of auditing increases 
hand hygiene practices and can be used as a tool to improve healthcare practice, even in a 
low resource setting17. It is emphasized that the use of observation/auditing is recommended 
as one of the strategies for the promotion of hand hygiene in health services18.

The establishment of a kit of materials would be an action that would prevent 46 
dangers, and its use has also been reported in the literature. A controlled-randomized 
study that followed two products for antisepsis of the skin before insertion of the PIC, 
showed that the use of alcohol-associated Chlorhexidine resulted in a lower occurrence of 
local infection and colonization of the catheter when compared to the alcohol-associated 
povidone-iodine. He emphasized the importance of antisepsis before PIC puncture, since 
this procedure prevents complications such as local and bloodstream infection19.

Qualitative research, conducted through interviews with nurses about the 
implementation of a kit for peripheral puncture, showed that nursing professionals can help 
in choosing the items that should be included in the kit based on their experience. With the 
use of the kit, there were favorable reports about the minimization of errors and omissions, 
as well as the optimization of the time spent by professionals20. Therefore, the use of 
standardized puncture kits prevents the lack of some material, facilitates the performance 
of the recommended activities and the non-forgetfulness of some step, contributing to the 
proper fulfillment of good practices.

Regarding the establishment of protocols and periodic and continuous training, a 
systematic review summarized the evidence on the effectiveness of bundles in the insertion 
and maintenance of PIC aiming at preventing AEs and, although the beneficial effect of 
bundles is unquestionable, it is necessary that their construction is based on the best 
evidence, with the involvement of health team professionals and support from institutional 
leadership to ensure their feasibility21.

A study on central catheter bundles in neonates and children showed that it reduces 
early and late complications, being considered effective and safe22.  Considering that the 
bundle aims to implement a set of therapeutic measures to improve patient care, the 
importance of its deployment and implementation in care practice is reiterated. However, 
the literature shows that few studies with PIC have been conducted in this direction.
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Another study, that developed a bundle for prevention of peripheral vascular trauma, 
identified that after its implementation there was a 46.41% reduction in the incidence of 
vascular trauma associated with PIC and highlighted that nursing care should be preventive 
and based on the best evidence23.

Yet another cross-sectional study investigated the characteristics, management 
practices, and outcomes of PIC in hospitalized patients in 406 hospitals in 51 countries; 
40,620 PIC in 38,161 patients were analyzed. It was verified the inadequacy of PIC 
documentation, in 49.0% there was no record of the insertion date, in 10.0% there was no 
record of the professional responsible for the insertion and in 36.0% there was no record 
of the PIC conditions on the day24. The nursing note is an ethical and legal duty of the 
professional, it is necessary to fully record the care provided. It is necessary to continuously 
sensitize the health team about the relevance of records, developing education programs, 
problematizing the situation, and involving professionals25.

Given the relevance of promoting a culture of voluntary reporting of errors and 
near-misses through tools for systematic documentation of AEs and awareness programs 
on human errors, it is noteworthy that the attribution of blame and the application of 
punishment rarely promote effective countermeasures, being inappropriate for individuals 
who did not choose to err26. Voluntary reporting of errors or near-misses should be done in 
a specific form, for further analysis of the AEs, to support the implementation of continuous 
preventive improvements27.

From this perspective, this study highlights the importance of promoting the systems 
approach to error management, through the HFMEA tool, rather than the personal 
culpability approach. It is worth noting that on the premise of the systems approach, humans 
are fallible, and errors are expected. Therefore, an effective risk management system can 
be established through the culture of recording errors and analyzing barriers to prevent 
them28. 

Regarding the use of saline syringes, a study using the HFMEA analyzed the risks 
related to the maintenance of the patency of the Peripherally Inserted Central Catheter 
and showed that the use of saline ampules represents a greater risk to the patient, since it 
requires four more steps when compared to syringes filled with saline solution; in addition 
to increasing the risk of contamination, which may negatively affect the patient’s health29. 
The INS recommends the use of a filled syringe due to the reduced preparation time and 
risk of infection8.  Salinizing the PIC maintains permeability and may prolong the length of 
time the device remains in the patient. In addition, the use of a syringe filled with saline 
solution significantly reduces PIC failure and increases its length of stay30.

A limitation of this study is the fact that it was not conducted in a healthcare institution, 
which would allow the participation of nursing professionals involved in the process of 
insertion, maintenance, and removal of peripheral intravenous catheters, favoring the 
identification of risks and the proposition of preventive strategies, deliberated together, 
aiming to mitigate the occurrence of AEs.

The application of the HFMEA tool enabled the mapping of the insertion, maintenance, 
and removal process of the PIC, consisting of ten steps that were broken down into 45 
activities. To perform antisepsis of the area to be punctured with an alcohol swab and 
disinfection of the connector with an alcohol swab were the riskiest activities, being 
recommended, as preventive mitigation actions, the performance of periodical training 
on PIC and hand hygiene, assistance audit of the process and the establishment of a kit of 
materials and the deployment and implementation of a bundle of specific care for PIC.

CONCLUSION
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Providing safe care in complex healthcare settings is a current challenge. Therefore, 
understanding the risks involved in different processes, such as insertion, maintenance, 
and removal of the peripheral intravenous catheter, contributes to the implementation of 
strategies that promote safe care, reducing the incidence of damage and the associated 
health care costs.  For the verticalization of knowledge, from future studies, it is recommended 
to estimate the costs associated with failure modes and the preventive mitigation actions 
proposed.
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