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Today, health systems are complex due to both the technological development
in diagnostic and therapeutic procedures and the complexity of the patients
that are increasingly older with several comorbidities. In any care setting, latent,
organizational, and systematic errors can occur causing critical incident
harmful for patients. Management of patients with acute kidney injury (AKI)
requires a multidisciplinary approach for the diagnostic-therapeutic-
rehabilitative path that can also require an extracorporeal blood purification
treatment (EBPT). The complexity of these patients and EBPT require a clinical
risk analysis and the introduction of protocols, procedures, operating
instructions, and checklists to reduce clinical risk through promotion of the
safety culture for all care providers. Caregivers must acquire a series of tools to
evaluate the clinical risk in their reality to prevent incidents and customize
patient safety in a proactive and reactive way. Established procedures that are
made more needed by the COVID-19 pandemic can help to better manage
patients in critical care area with intrinsic higher clinical risk. This review
analyzes the communication and organizational aspects that need to be
taken into consideration in the management of EBPT in a critical care setting
by providing tools that can be used to reduce the clinical risk. This review is
mostly addressed to all the caregivers involved in the EBPT in Critical Care
Nephrology and in the Intensive Care Units.
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Introduction

The term “patient safety” identifies the set of specific actions
and tools aimed at preventing errors and their effects in a
diagnostic-therapeutic process to which the patient may be
exposed within the health system (1, 2).

Considering the complexity of the treatments that are
currently provided in critical care settings [Intensive Care Unit
(ICU), COVID-19 Unit, and Heart Surgery, Transplantation
Unit], it appears clear that, as the complexity of healthcare
increases, the possibility of medical errors occurs with potential
clinical incident for patients (3).

The extensive use of new technologies, drugs, medical
treatments, and multidisciplinary cares leads to increasing
complexity of the healthcare system, requiring a structured
communication between care providers. This is fundamental
to ensure a correct information exchange within the diagnostic
and therapeutic paths, particularly when the treatment of
increasingly older and critically ill patients with comorbidities
that often require difficult clinical decisions for their
management is considered. The increase in economic pressure
and assistance requests on the health system further leads to
stressful and potentially unsafe working environments with
work overloads, as often happened during the COVID-19
pandemic (4).

To achieve an efficient and quality health system, the patient
safety becomes a constitutive element of the care process as the
quality of care cannot exist without patient safety (5).

Going to a more analytical view of the risk management, we
understand how adverse events can arise from organizational
problems, problems associated with clinical practice,
communication, drugs administration, patient’s hand-off,
medical procedures, protocols, operating instructions, and use
of medical devices (3, 6). Of particular importance is the periodic
and systematic assessment of the care provided and reported
incidents to better identify active and/or latent failure, to
introduce corrective measures on organization’s processes.
Medical errors can lead to different types of clinical incidents:
in the “near miss”, the incident does not affect the patient, and in
the “no harm incident”, the incident affects the patient without
causing harm, whereas the “harm incident” affects the patient
with a clinical harm (3).

In Critical Care Nephrology, the extracorporeal blood
purification treatments (EBPTs) are source of clinical risk, due
to their complexity and need for multidisciplinary approach in
critical patients (7). Therefore, they become a high-risk
procedure when not performed in a qualified setting where the
staff expertise can determine the significant reduction in the
standard risk (7).

The ICU is particularly prone to medical errors and adverse
events resulting from the complexity of the environment where
medication errors, injuries associated with airways or ventilator
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use, invasive-line complications, infections, and rapid
deterioration in patients’ conditions are common elements to
be considered. In addition, omission of therapies that should be
administered accounts for significant and preventable morbidity,
mortality, and costs associated with ICU care. In this setting,
during EBPTS, errors may occur regarding the patient’s incorrect
weight loss, the administration of systemic or loco-regional
anticoagulation, unexpected hypovolemia that can lead to
hypotension, and dysionemia due to incorrect fluids
for hemodiafiltration.

Data reported by the first studies about patient safety
performed in the USA showed that about 1 in 10 people
receiving medical treatment develops preventable harm (8),
therefore demonstrating the importance of the patient safety
policy and justifying its extensive and systematic
implementation in the clinical practice in all medical
specialties. According to the largest meta-analysis assessing
preventable medication harm, around 1 over 30 patients is
exposed to preventable medication harm in medical care, and
more than a quarter of this harm is considered severe or life-
threatening (6). These results support the World Health
Organization’s pressure for the detection and mitigation of
medication-related harm as being a top priority while
highlighting other key potential targets for remedial
intervention that should be a priority focus for future research.

To ensure that medical incidents can be effectively
prevented, the culture of patient safety must be widely
promoted in every health system (9) by customizing protocols,
procedures, operating instructions, communication, and the
information technology introduction (10, 11) on individual
local needs, avoiding standardized and inflexible procedures
that result in ineffectiveness and unprotectiveness in dynamic
and complex care settings.

This review analyzes the communication and organizational
aspects that need to be taken into consideration in the
management of EBPT in a critical care setting by providing
general tools that can be used to reduce the clinical risk. This
review is mostly addressed to all the caregivers involved in the
EBPT in Critical Care Nephrology and in the ICUs.

The patient safety in EBPT of
critical patients

In critical patients, EBPTs have an important role not only in
the replacement of renal function via control of acid-base,
electrolyte, and fluid balance but also in the removal of
specific pathogenic molecules such as endotoxin, myoglobin,
cytokines, inflammatory factors, hepatic toxins, toxics, drugs,
poisons, and carbon dioxide in the so-called decapneization
treatment (12, 13). Because of the technological development,
nowadays, we have many EBPTs that share these treatment
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indications, making the critical patient’s care complex, requiring
a multidisciplinary approach. The more complex and
multidisciplinary this approach, the greater are the chances
that the clinical risk increases with the possibility of clinically
relevant incidents.

To provide blood purification, specific hemodiafiltration
solutions (14) and/or medical devices (filters with different
membrane characteristics, adsorbent cartridges, and
decapneization devices) are necessary in extracorporeal
circulation managed by different software and hardware. The
possibility of using this technology for the Extracorporeal Organ
Support (ECOS) (15) and the Multiple Organ Support Therapy
(MOST) (16) makes complexity even higher, requiring a
multidisciplinary approach and specialized personnel.

It is evident that EBPT complexity is source of preventable
and predictable incidents due to errors with a high burden of
clinical risk, leading to different severity degrees of injury
for patients.

The clinical pathway from the identification of EBPT
indications and its prescription, administration, and
management are complex and consist of many interconnected
phases where an error can have repercussions in subsequent
phases (7). In this process, the care provider who materially
“makes the error” is not always the one who generated it. Hence,
there is the need for tracing all the process phases and all the
operators involved.

In detail, in EBPT in the critically ill patient as the error can
occur in any phase with possible propagation, all phases of the
EBPT process and their interconnections have to be identified
and described in detail to act proactively with appropriate tools
for error prevention.

Specifically, errors in the parameters of the EBPT prescription
relate to incorrect nomenclature (17, 18), blood flow, dialysate flow,
total reinfusion flow, unit of measurement of flows, pre- and post-
dilution reinfusion percentage, filtration fraction (FF),
inappropriate weight loss (19), anticoagulation settings (citrate,
heparin, and low-molecular weight heparin dose) composition of
hemodiafiltration bags, and, finally, the discrepancy between
prescribed and administered dose that depends on real patient’s
weight, dilution factor, and treatment downtime (Table 1). The use
of incorrect materials relates to the wrong association between the
blood purification technique and the filter characteristics depending
on its intended use (20), and between patient’s acid-base and
electrolytic balance and the hemodiafiltration fluid composition
(14). These errors lead to an incorrect formulation of the treatment
with possible iatrogenic damage to the patient (for example,
electrolytes alterations). The most common errors that can be
made by care providers are incidents related to the replacement
of a type hemodiafiltration fluid with respect to the prescription, the
reduction of blood flow due to repetitive alarms for the vascular
access with reduction of the depurative dose, and the delayed
maintenance of the alarms monitor with increased treatment
downtime. All these elements can be detected at the periodic
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(daily) check of the EBPT by the specialized Nephrology staff
who are responsible for verifying the consistency of the treatment
with the prescription. It is suggested that this procedure should be
checked according to a protocol and a coded checklist for each type
of available treatment in the specific setting of care. We suggest that
the most critical elements (weight loss, fluid balance,
anticoagulation, blood flow, state of the extracorporeal circuit,
central venous catheter, treatment parameters, and type of bags)
have to be checked every 6-h intervals using a checklist that obliges
care providers to verify each element. This process has to be shared
among the different care providers in the multidisciplinary team for
which correct communication becomes an essential point.

In fact, communication among care providers of critically ill
patients is a constitutive element of the EBPT management. If
not structured and codified, then the communication between
the prescriber physician and nurse can be source of errors for the
presence of incorrect or missing parameters that are
consequently interpreted by the nurse during the treatment
administration. To ensure the maximum level of safety, this
communication process has to be codified through the use
standardized forms, standardized protocols, procedures, and
checklist tailored to the specific local setting that has to be
previously mapped for clinical risks by a proactive analysis. This
process can better identify active and/or latent failure, proposing
corrective measures on organization’s processes. The
communication modality and the structured tools must be
widely known by all care providers to ensure their correct
penetration at all levels of care (21).

The most critical point for communication is the handover (22,
23) that has to be structured to improve the safety by building a care
setting in which information is encoded so that “the sender” and
“the receiver” can understand whether the process has been
correctly performed (21, 24). It is therefore useful to implement
“the closed loop communication” (25) to make all the caregivers
able to verify the exact and complete communication of the
patient’s clinical condition by a clear and shared language in
terms of parameters and nomenclature understandable by all the
caregivers involved in the patient care. There are many models in
the literature that can help caregiver to carry out the handover: One
example is the SBAR model (Situation, Background, Assessment,
and Recommendations) (26-28).

The EBPT management is complex and composed of several
interconnected phases. The understanding of the treatment
prescription by the nurse takes the form of preparing the
monitor with the correct materials and setting the correctly
parameters at the software level. Any error in reading or
understanding the prescription, or the use of wrong materials
or incorrect settings, generates an error that can result in the
patient’s injury in the following phases. The use of checklists and
operating instructions can reduce the clinical risk (29, 30) by
introducing tools that block the progression of the treatment in
the presence of errors or inconsistencies with respect to the
treatment prescription. The extensive introduction of protocols
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TABLE 1 Common types of errors, consequences, and possible corrective actions.

Errors

Errors in the nomenclature of

treatment

(E.g.: prescription of CVVHDF
without specification of dyalisate flow
rate and prescription of a reinfusion
flow for a CVVH treatment without
the pre-dilution percentage).

Errors in the prescription and
incorrect choice of materials/devices
that do not match to the type of
treatment:

« Types of hemodiafiltration solutions
« Filters - plasma separators —
Adsorber - Cartridge

« Lines for extracorporeal circulation
« Monitors (consider also software
version and its updates for the use of
special devices)

Errors in the settings of prescribed
treatment:

® Blood flow rate (ml/min)

@ Dialysate flow rate (ml/h or L/h)
@® Reinfusion flow rate (ml/or L/h)
@ Percentage of pre- and post-
dilution in convective treatment
(CVVH, CVVHDF)

@ Prescription dose (ml/kg/h
according to K-DIGO 2012).
Consider influencing factors:

@® Blood flow

@ Filter type and surface

@ Dialysate and reinfusion volume
@ Dilution Factor due to the pre-
dilution

@ Filtration Fraction

@® Total Downtime

@ Partial Filter/Device clotting
during treatment

@ Maximum weight loss per hour
(ml/h)

@ Total weight loss (ml/day or L/
day)

@ Total time (hours and minutes)
@ Heparin infusion rate (UI/h or
Ul/kg/h)

@ Citrate and calcium infusion rate
in RCA (Citrate in mmol/L of blood
treated and Calcium compensation in
mmol/h)

Types of anticoagulation:
None

Heparin

LMWH

Citrate

Consequences

Mismatch between the prescription and the parameters set
in the prescription. Possible misinterpretation of missing
data or failure to enter data by nurses.

Mismatch of materials that cannot be used correctly for the
selected depurative treatment.

(E.g.: concentration of potassium inappropriate for the
patient’s clinical condition, filter/device inappropriate for
the treatment prescribed, and prescription of an ineftective
depurative treatment for wrong or missing data)

Mismatch between parameters required for treatment and
parameters actually prescribed.

Free interpretation of missing parameters in the
prescription.

Hourly weight loss and total weight loss per day not
corrected with errors in the required fluid balance.

Errors in the dose of purification.

Appearance of alterations in the electrolyte and acid-base
balance.

Excessive or unwanted removal of useful substances such
as antibiotics.

Exposure to patient’s hemorrhagic risk or coagulation of
extracorporeal circulation in case of use of heparin or
LMWH.

Alterations of calcium (hypercalcemia - hypocalcemia) and
acid-base balance (alkalosis or acidosis) due to incorrect
use of citrate up to citrate intoxication due to its altered
metabolism.

Risk of circuit clotting if heparin is not prescribed in
patients with hemorrhagic risk.

Increased risk of hemorrhage when heparin or LMWH
anticoagulation are used in patients at risk.

Alterations of calcium (hypercalcemia - hypocalcemia) and
acid-base balance (alkalosis or acidosis) due to incorrect
use of citrate up to citrate intoxication due to its altered
metabolism in patient with liver failure or drug use
interfering with mitochondrial metabolism.

10.3389/fneph.2022.871480

Corrective Action

Introduction of appropriate nomenclature and standardized
prescription criteria for each treatment in an electronic or paper
format. The personalization of the treatment is guided by the
standard prescription for a patient weight of 70 kg.

Standardization of each treatment in terms of:
Equipment

Types of filters

Types of lines for the extracorporeal circulation
Types of hemodiafiltration solutions

Settings of treatment

Anticoagulation requirements and types of anticoagulation
needed

@ Storage of materials for easy availability with clear labels to
associate the materials for each treatment

Introduction of appropriate checklists to confirm the correctness of
the association of materials, the preparation of the monitor for the
treatment and the parameters setting required by the purification
treatment

Introduction of appropriate nomenclature and standardized
prescription criteria for each treatment in an electronic or paper
format.

Introduction of operating instructions for prescribing treatments,
priming the monitor, calculating the depurative dose (ml/kg/h) and
its correction based on the expected downtime and the dilution
factor due to pre-dilution.

Continuous staff training and retraining also for treatments rarely
performed.

Introduction of customized checklists for the control of all critical
and transition points between one phase and another of EBPT
(prescription, monitor assembly, monitor priming, parameters
setting, patient connection and disconnection, treatment
supervision, and detection of treatment abnormalities).

Design of surveillance protocols of RCA treatments for the
verification and correction of calcium compensation and to
promptly identify the accumulation of citrate or electrolyte and
acid-base balance alterations.

Introduction in the clinical practice of universally shared protocols
for the control of ionemia, acid-base balance, depurative dose and
fluid balance in each patient; it is useful to understand remote
monitoring.

Introduction of circuit management procedures in the absence of
anticoagulants to avoid circuit clotting (increase in the percentage
of predilution, reduction of the filtration fraction, use of diffusion
only, increase in blood flow, and foresee the change of the circuit at
fixed times).

Introduction of procedures for prescribing anticoagulants in
terms of dose of anticoagulants (heparin and LMWH) and
monitoring of the effect on coagulation (ACT and aPTT).
Introduction of procedures for the preparation of heparin
solutions in terms of concentration and infusion rate.
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TABLE 1 Continued

Errors Consequences

10.3389/fneph.2022.871480

Corrective Action

Introduction of procedures for the management of patients on
regional citrate anticoagulation with particular attention to the
different types of fluids used.

CVVHDEF, Continuous Veno-Venous Henmodiafiltration; CVVH, Continuous Veno-Venous Hemofiltration; RCA, Regonal Citrate Anticoagulation; LMWH, Low-Molecular Weight

Heparin; ACT, activated coagulation time; aPTT, activated partial thromboplastin time.

and operating instructions, which describe in detail materials
and modality to carry out each phase of the EBPT, determines a
process standardization that can be controlled by all care
providers in the identified critical points by checklists (31).

Team training plays a key role in increasing patient safety (32).
It is necessary to provide continuous theoretical and practical
training for personnel involved in the EBPT to make
communication effective and to acquire the skills for patient
management to prevent and promptly identify situations of
potential risk. All caregivers need to be aware that they are part
of a system that ensures safety by taking a proactive and reactive
role in the clinical risk management by the process of incident
reporting. Briefings and de-briefings should be supported to
promote the “no blame culture” so that everyone will be
encouraged to report an incident knowing that the focus is on
“how and why” an incident happened rather than “who” made the
mistake (33). It is known that the reactive approach based only on
measures taken following the identification of an accident exposes
patients to a clinical risk higher than a system based on a proactive
and preventive method. As a proactive approach, it is
recommended to perform the risk mapping by using FMEA
(Failure Mode and Effect Analysis) and FMECA (Failure Mode,
Effects and Critically Analysis) and to take a “safety walk round”
(SWR) at least every 6 months (34). In case of incident, it is
advisable to proceed with the Root Cause Analysis (RCA) and the
systematic review of the safety tools introduced in clinical
practice (35).

The patient safety in EBPT is complex and involves human,
environmental, technical, and technological factors over which
the complete control becomes a challenge, especially in the most
critical care situations with work overload.

In many ICU settings, the treatment is prescribed by
nephrologist and subsequently set and delivered by a trained
nurse. Given the severity of patients in ICU with possible
deterioration of hemodynamics, the treatments that are most
prescribed are continuous [Continuous Kidney Replacement
Therapy (CKRT)], even if in a minority of patients, it is possible
to administer hybrid treatments [Sustained Low-Efficiency Dialysis
(SLED)] or intermittent dialysis (IHD). For all these techniques, the
clinical risk is present regardless of their duration of treatment over
time and all treatments must be subject to the same safety
monitoring. Therefore, the treatment supervision for CKRT and
SLED is entrusted to ICU nurses who create a therapeutic alliance
with nephrologists based on correct communication and adequate
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EBPT knowledge. These elements must be considered and verified
to build a customized safety environment with tools for the clinical
risk (7).

Patient safety in performing EBPT
during COVID-19

Patients with COVID-19 are generally admitted to ICUs for
respiratory failure that can evolve into a multiorgan dysfunction
syndrome requiring ECOS by sequential extracorporeal therapies
designed to remove inflammatory mediators and support different
organ systems (36) by hemoadsorption, hemoperfusion, and
extracorporeal CO, removal (ECCO,R) (37). In this setting,
EBPT could be an option to prevent organ failure and improve
survival at the cost of greater complexity, clinical risk, and demand
for the availability of medical devices.

To predict the spread of coronavirus disease globally and
consequently prepare the hospital facilities with the required
technology is a challenge (38). The availability of essential
medical equipment to support patients affected by COVID-19
is globally limited, and, in this exceptional situation, it is
necessary to re-assess the risk analysis on medical equipment
management and their use and re-use in this context with the
aim to improve global healthcare also in term of devices for
EBPT. Every effort must be made to provide the necessary
devices at least with the minimum acceptable performances
for patients with COVID-19 while maintaining a high
standard of safety (39).

Patient safety is of particular importance during the
COVID-19 pandemic (40), where there is an overload of the
world health systems in a situation of lack of human resources
and medical supply (38, 41, 42).

Care providers are predisposed to a greater propensity to
error due to this sudden increased workload, the need to provide
EBPT in environments other than the usuals, in a more complex
care setting of untrained personnel for the Critical Care
Nephrology due to the high turnover of medical teams.

The initial lack of protocols for the patients with COVID-19,
especially in the field of EBPT, resulted in the lack of
standardized management influenced by local resources and
individual capacities to react to an unpredictable pandemic
and therefore to the need of customized protocols and
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procedures for this patient population (43-45). The use of
devices in an emergency setting out of its intended use or
differently from the manufacturer’s instructions based on a
specific risk (46) requires multidisciplinary evaluation aimed
to re-assess risks and benefits (47).

All Kidney Replacement Therapy (KRT), and specifically
EBPT, required a tailoring not only of anticoagulation and blood
flow (48) but also of applicability in a population of critically ill
patients with special care needs including biological risk for the care
providers and the need for cytokines and endotoxin removal by
specific devices to integrate into the extracorporeal circulation of
KRT or in more complex system such as the Extracorporeal
Membrane Oxygenation (ECMO).

The clinical risk in this pandemic situation is increased due
to the possibility of delays in the management of extracorporeal
circulation due to the biohazard, the increased extracorporeal
circulation clotting due to the patient’s spontaneous
hypercoagulability associated with the use of convection with a
high FF with reduced use of regional citrate anticoagulation (49),
and the difficult supervision of EBPT monitor, blood chemistry
tests, and fluid balance often performed remotely due to the
biohazard. Furthermore, blood losses for circuit clotting, errors
in patient weights, and depurative dose and incorrect fluid
balance increase the clinical risk with a reduction in the
quality of the EBPT administered.

10.3389/fneph.2022.871480

During the COVID-19 pandemic, all these clinical elements
added to the sudden need for KRT in the overload health system
without a designed plan for an appropriate response where the
demand for dialysis services dramatically increased. The need for an
adequate prediction of all aspects concerning medical personnel,
disposable devices, and KRT monitors is nowadays fundamental for
a response to this pandemic in compliance with patient safety (50).

Discussion

In critical setting, the EBPT administration, due to its
complexity and the patient’s critical illness, is a process that
presents an intrinsic degree of “unsafety”. This was even more
evident during the COVID-19 pandemic where no healthcare
system was ready to face an emergency in terms of human
resources, supply, and clinical risk management.

As the EBPT can be administered in a setting outside the
Nephrology-Dialysis Unit with trained but unskilled staff,
patients may be exposed to a greater clinical risk that can lead
to errors and incidents.

All these elements have to be taken into account to build a
safe local reality based on the introduction of protocols,
procedures, operating instructions, and checklists aimed at the
clinical risk mitigation (Figure 1). These tools have to be created

Communication and information are not codified .

The prescription can be misunderstood by the

nurse.

Possible error
with incident

No standardized nomenclature.

No standardized prescription. Interpretation of any unclear or missing information
No codified prescription. _|in the p No tool for verifying the
No encoded communication. | information received. No codified conduct for the
No protocol for the EBPT management. preparation and execution of the EBPT.

No checklist for critical point.

d

Failure to apply a control process for lack of p

) P , and

Codified procedure with protocols,
operating instruction, checklists for:
* EBPT prescription
* Monitor priming
* EBPT setting
* EBPT management

Communication and information are codified .
The prescription is understood by the nurse and any
error can be detected.
EBPT in a dinical
context with continuous
control by coded and
~| customized tools for the

individual care reality

Protocols, operating instructions, checklists allow wslf!ﬂvp:lnk:)- LEactie

continuous control of the flow and accuracy of

information.

The continuous control with respect to a well known

standard allows to detect deviations that [ *

immediately block the progression of the EBPT
administration avoiding the propagation of errors.

—

Introduction and promotion of Safety Culture for the EBPT management.

Promotion of incident
reporting.

Reduction of clinical risk.

FIGURE 1
Patient safety integration in the EBPT management.
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in relation to the proactive analysis and continuously
implemented in a reactive approach based on the patient
safety culture and incident reporting.

The coding of materials, devices, and phases of EBPT
through protocols and the control of critical phases by
checKlists introduces essential tools for the control of clinical
risk, inducing all care providers to comply with the safety
standards introduced in the care setting.

The need of a standard nomenclature universally accepted
and shared by all care providers determines a more effective and
safe communication based on encodings, allowing the sender
and the receiver to have prompt feedback on the quality and type
of exchanged information.

The promotion of briefing, de-briefing, staff training,
simulation of stressful situations, and work overload provides
further tools for patient safety.

The extensive and continuous promotion of the culture of
patient safety and incident reporting makes it possible to identify
any potential risk or the occurrence of an incident that can be
analyzed through tools (FMEA, FMECA, SWR, and RCA) for
corrective measures.

Building a dynamic and non-static safety system makes it
possible to deal quickly and safely with actual problems, as from
the lesson of COVID-19 pandemic.

In conclusion, the patient safety and its specific actions and
tools for preventing errors are the basis to build an efficient and
quality health system where the patient safety becomes a
constitutive element of the care process, as the quality of care
cannot exist without patient safety. EBPTs have an important
clinical role in critical patients not only in the replacement of
renal function but also in the removal of specific pathogenic
molecules in the ECOS and MOST that make their complexity
even greater requiring an extensive clinical risk management.
The clinical setting analysis for risks, the EBPT coding, and the
introduction of protocols, procedures, operating instructions,
checKlists, models of communication among care providers, the
promotion of the incident reporting, and the culture of safety,
scheduling training, and retraining of all personnel make
possible to manage EBPTs safer especially in conditions of
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