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The failure of the global supply chain became rapidly apparent at the beginning of the COVID-19 pandemic when
healthcare organizations were left without supplies needed to care for patients. The supply chain failure is one
downstream effect of the pandemic and indirectly impacts patient morbidity and mortality. This column presents
a case study of one staff nurse's experience working in a pediatric intensive care unit at a rural children's hospital
two years into the pandemic and the toll the global supply chain failure continues to take on patients and
healthcare professionals. Central Line Blood Stream Infections (CLABSIs) are used to showcase the severity of
the supply chain failure at the point of care. Standardized central line insertion and care bundles have proven
to be effective in reducing the incidence of CLABSI; however, they are dependent on the availability of materials
and supplies. Health care providers face a “wicked problem" in preventing CLABSIs. The failure of the global sup-
ply chain must be examined by healthcare organizations, manufacturers, and government officials so that new
systems can be put into place, so we are prepared for a public health emergency.
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It's hard to pick which was more dreadful, hearing the number of COVID
patients in the Children's Hospital go up or hearing that we might run
out of essential supplies that day. Pre-shift huddle started our day
with dread and disappointment. Each day we learned about a new
CLABSIs or HAPI that occurred or realized that we had three sets of
blood tubing left. It got to the point that we were hoarding supplies
and even trading supplies between units. “We'll give you a Biopatch®;
if you give us three microbore tubings.” How can a critical care unit
function without supplies? We learned that due to the high demands
of other hospitals, our supplier was running thin with supplies. Shortly
after recognizing that, our hospital switched suppliers in hopes of
quicker restocking. Our old supplier did not appreciate our switch and
immediately stopped our supply chain. They were leaving us with
limited supplies, leaving children with limited supplies, and leaving an
entire intensive care unit praying that a cardiac arrest or mass causality
would not occur.

We had our stockpile of supplies that would get us through an arrest or
small trauma if it occurred, but this meant that no other central line
maintenance could be performed on the unit. Central lines need special
care, and tubing and caps need to be changed frequently. Dressings and
sterile cleaners need to be utilized to keep patients safe. We were doing
our best to care for fragile children, but it grew more challenging to keep
our patients safe each day because of the lack of supplies.
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Globally more than 3.7 million deaths have been reported due to the
COVID-19 pandemic; 13.4 thousand of these deaths were among chil-
dren under 20 (United Nations Children Fund [UNICEF], 2022). Vaccina-
tion has effectively protected people from COVID-19 and lessened the
severity of the illness. As the number of people vaccinated increases,
deaths steadily decline, and COVID-19 infections are at their lowest
point in two years. However, the pandemics' downstream effects con-
tinue to impact the morbidity and mortality of patients and, in turn,
the mental wellbeing of health care providers who remain on the
front line. The global supply chain failure is one downstream effect of
the COVID-19 pandemic that indirectly affects patient morbidity and
mortality. In a survey conducted with 80 healthcare systems, 90% of
hospitals reported challenges in the procurement of supplies through-
out the pandemic (Gooch & Gonzalez, 2021).

This column will present one staff nurse's experience working in a
pediatric intensive care unit at a rural children's hospital two years
into the pandemic and the toll the global supply chain failure continues
to take on patients and healthcare professionals. Although this experi-
ence may not be nurses' experience in larger urban hospitals, nurses
need to understand the broader effects of the supply chain failure and
consider how resources are distributed to care for all patients.

Central Line Blood Stream Infections (CLABSIs), considered a never
event, will be used as one example of how supply chain failure impacts
patient morbidity and mortality. The purpose of presenting this case
study from a staff nurses' perspective is to showcase the severity of
the supply chain failure at the point of care, bring this issue to the
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attention of healthcare and political leaders, and sound the alarm that
solutions are needed sooner rather than later.

The global supply chain -a wicked problem

Over the past two decades, supply chains developed a “lean”
methodology to streamline product distribution and decrease costs
(Bhaskar et al., 2020). Lean methods are a process improvement
method to meet consumers' needs without creating waste (NEJM
Group, 2018). The lean method came out of the manufacturing industry
(i.e., Toyota Production System) and other hybrid methods (i.e., Lean Six
Sigma, etc.). Over the past twenty years, many healthcare organizations
adopted the method (e.g., Virginia Mason Production Management Sys-
tem [VPMS]). The lean methodology has improved healthcare in count-
less ways, reducing patient wait times, patient throughput, and output,
to name a few (NEJM Group, 2018; VMPS, 2010). Throughout the
COVID-19 pandemic, one of the lean principles, “minimize inventory,”
has surfaced as an issue for car manufacturers and the healthcare indus-
try. Reducing redundancies for optimal system efficiency is an impor-
tant goal and not to be abandoned; however, there is a need to reform
the global supply chain to “strike a balance between efficiency and resil-
ience” (Bloomberg, 2021, para 16).

The lack of supplies was endangering our patients. We could not provide
the care we owed to them. It resulted in so many kids getting worse.
Since we had to ration our supplies, kids went without crucial line
changes. Per our hospital policy, IV tubing was changed every 96 h,
and central line dressings were changed at a minimum of every seven
days. To add to our dreadful pre-shift huddle, we started hearing that
one of our patients was beginning to “chew through” his central line
tubing and were told to “keep an eye on him.” A few huddles later, we
hear that the kiddo spiked a fever. There goes another set of tubing after
we draw blood cultures. Then we hear that he's hypotensive—another
line change for adding vasopressors to support his blood pressure. Then
we hear that he's our watcher patient and might get intubated. Our
fragile patients were already in a compromised state and couldn't fight
off an infection that infiltrated their line.We saw where we failed, but
how could we come back from this? We were still rationing supplies,
taking goods from other units, and keeping our patients afloat. We
struggled to find a solution to a problem that we never expected to
happen.

Nurses and other clinicians working in healthcare systems are at the
mercy of the availability of products purchased on the institution’s be-
half. It is not unusual for pediatric nurses to see changes in tubing, med-
ication vials, labeling, and manufacturers throughout a given year. In the
U.S., working in a pandemic with rationing supplies will undoubtedly
shift healthcare professionals' perspectives on the materials used and
what is available.

Technological advances made to equipment within the past two de-
cades were done to improve the quality and efficiency of healthcare de-
livery and maintain an environment of patient safety. For example,
smart pumps were developed and embedded with drug libraries to re-
duce the risk of error. Smart pumps are rendered useless without spe-
cialized tubing or tubing suitable for substitution for an infusion.
Healthcare organizations have had little choice throughout the pan-
demic but to revert to using earlier versions of drug infusion pumps be-
cause there is no tubing available. For example, pumpless pressurized
balls that deliver chemotherapy over 46 h must look like they are out
of the dark ages to newer nurses!

Now we've been told that there will be several weeks between ship-
ments of supplies. Before this, we were promised that items would be
restocked within a few days, and it took weeks! Items like 1.7 ml coag
tubes for blood were scarce (now essentially gone), so we were left with
2.7 ml coag tubes that require more blood from patients (this is critical
because infants less than 2.5 kg do not have this much blood to spare).
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Then they sent us different supplies from what we usually use —chest
tube atriums, arm boards, and IV catheters were all different. The
change in supplies required further education for the staff to remain vig-
ilant so that nothing went wrong, and no one acquired an injury.Our
shortages even extended into pharmaceuticals. We recently experienced
a Fentanyl shortage, which we primarily use for sedation. Because there
was no Fentanyl, many children needed to be transitioned to other
drugs like Dilaudid and Morphine or needed an increase in the use of
benzos like Versed. The transition from one drug to another was not
smooth and resulted in needless suffering and frustration for patients,
families, and staff. Patients experienced significant withdrawal or ad-
verse reactions, and families watched helplessly. Staff worked begrudg-
ingly under these almost ridiculous conditions.

The failure of the global healthcare supply chain became rapidly ap-
parent at the beginning of the pandemic and is a “wicked problem” that
needs resolution. Wicked problems are complex problems with multi-
ple factors and interdependencies (Rittel & Webber, 1973). When solv-
ing a wicked problem, each solution reveals another issue that needs
resolution (Periyakoil, 2007; Rittel & Webber, 1973). Those seeking an-
swers to wicked problems often have conflicting views on how they ap-
proach the problem and view it from a perspective that works for their
environment; they fail to appreciate how the problem and their solution
affect the whole.

Never events

Over the past two decades, healthcare teams have worked relent-
lessly to bring down the rates of “never events” or preventable health
care errors (Centers for Medicare & Medicaid Services [CMS], 2006).
CLABSIs are considered a never event. While these infections are pre-
ventable, many exist because of failures from healthcare providers and
organizations. This avoidable risk falls within the healthcare provider's
scope of practice to intervene and implement change, especially nurses.
In 2008 CMS stopped providing hospitals with full reimbursement for
care required for patients after a CLABSI. The prevalence of CLABSIs
costs individuals their health and lives and hospital systems excessive
money.

CLABSI prevention bundles

Globally, CLABSs are a significant problem for patients in intensive
care units (ICUs) and a common hospital-acquired- infection (HAPI) in
pediatric and neonatal intensive care units (Ista et al., 2016). Standard-
ized central line insertion and care bundles have proven to reduce the
incidence of CLABSI (Bell & O'Grady, 2017; Centers for Disease Control
and Prevention [CDC], 2020; Ista et al., 2016). Central line bundles
have significantly reduced patient morbidity and mortality and health
care costs with an estimated $42,609 savings for each CLABSI prevented
(Ista et al,, 2016). Ideally, the number of reported CLABSIs on any unit is
zero.

We pledged no CLABIS and other hospital-acquired complications,
and we had done a good job of meeting this goal for years; this was
an enormous accomplishment. But as materials and resources needed
to maintain that prestigious status dwindled, so too did the energy
and effort to maintain it. During the 2021-2022 fiscal year, our rates
of CLABSIs increased 3-fold.

CLABSIs are due to numerous preventable factors that affect patients
in the pediatric intensive care unit. In addition to insufficient supplies,
other factors can lead to CLABSIs. Some practitioners may find it chal-
lenging to maintain sterility when line insertion occurs during a patient
resuscitation or if a patient's secretions infiltrate the sterile field. In ad-
dition, it can be difficult to protect lines from dislodgement if the prac-
titioner chooses a precarious place for line insertion (e.g., femoral vein).
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If equipment generally used for changing central line dressings is re-
placed with sub-par dressing, it can lead to poor adherence to the skin
of chronically ill children. Ill-fitting dressings must be tampered with
to fit the patient. The dressing is often soiled with excessive diaphoresis,
emesis, secretions, and stool. Defective supplies that do not adhere well
to the patient may need multiple dressing changes before the due date-
exposing the line to more providers and pathogens.

Multiple factors play a role in generating a CLABSI. Upon insertion,
clinicians need to follow sterile technique. They utilize evidence-based
practices such as handwashing, sterile gloves, and 2% chlorhexidine, de-
creasing infections by over 60% (Bell & O'Grady, 2017, para. 13).

CLABSI rate of zero- -can this be maintained?

Health care providers and institutions have made significant strides
in making “never events” a top patient safety priority. Looking specifi-
cally at CLABSIs, studies dating back to 2013 indicate that central line
bundles effectively reduce them (Ista et al., 2016). However, there
may have been an underlying assumption that the supplies to deliver
optimal care were abundant and would always be available. Before
the pandemic, U.S. nurses may not have given much thought to the
number of materials required to care for patients, or the amount re-
quired to keep one patient with a central line CLABSI free.

The Centers for Disease Control and Prevention (CDC, 2020) pub-
lished a CLABSI prevention checklist for the care of central lines. Each
hospital adopts a bundle for its patient population so that costs will
vary; however, this checklist provides a microscopic view of the number
of materials required to care for one patient. One part of this checklist
states, “Ensure efficient access to supplies for central line insertion and
maintenance (i.e., create a bundle with all needed supplies)” (CDC,
2020, para, 9). Given the number of materials required to care for one
patient with a central line, the scarcity of materials, or sub-par replace-
ment materials requiring the use of more than one (e.g., using more
dressings because the adhesive on substitute dressing is inadequate to
adhere to patient's skin for extended periods). What remains to be
seen is if healthcare organizations can continue to provide the materials
required for clinicians to maintain the excellent results achieved before
the pandemic. Given the global supply chain failure, health care organi-
zations face a “wicked” problem in continuing to prevent CLABSIs, a
never event.

Our materials were either in short supply or defective, delaying appropri-
ate care. Other complicating factors, especially in a pediatric setting, are
finding tubing, sutures, dressings, and other materials that will adhere to
small infants and large teenagers. Materials such as dressings needed to
be modified to fit this specific patient population, which may introduce
bacteria more easily. Some patients may also experience skin breakdown
from sutures or a reaction to the chemicals used in the dressing change
process, which can harbor bacteria if not treated properly.

Most of our new supplies or replacements to bridge the gap resulted in a
learning curve for the staff. It took more time to perfect the usage of
these materials, and yet still, some of the materials caused injuries to
our patients' frail skin.

Adaptable solutions

Wicked problems require adaptable solutions (Periyakoil, 2007).
Wicked problems are solved by involving stakeholders working at the
unit level who are also enculturated in the organization. It is also impor-
tant to identify champions willing to lead the effort.

To address the supply chain failure in the U.S. President Joseph Biden
Jr. issued an Executive Order (EO) “On a Sustainable Public Health Sup-
ply Chain” (Exec. Order No. 14017, 86 Fed. Reg. 11849, 2021). In response,
The Department of Health, and Human Services (HHS, 2022) convened
a workgroup of 179 experts from industry and academia were given
several charges. The workgroup's first charge was to create a “a diverse,
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agile, public health supply chain and sustain long-term U.S. manufactur-
ing capabilities for future pandemics” (2022, p. 10). The HHS published
a report called the National Strategy for a Resilient Public Health Supply
Chain, February 2022. The report was delivered one year after the EO,
describes the progress made in strengthening the U.S. supply chain
and industrial base. The HHS report also addresses how some of the
goals were implemented and provides government officials with fur-
ther direction. The report is thorough, continues to evolve, and, most
importantly, addresses the need to hear the perceptions of the frontline
staff working through the pandemic.

Innovative supply chain solutions are already emerging, such as
using technologies like blockchain, analytics, and artificial intelligence
to improve the global supply chain (Bhaskar et al., 2020). One proposed
idea is for the buyer to connect directly with the supplier, whether
located in the U.S. or internationally (Bhaskar et al., 2020. The current
supply chain system requires a middleman, making the process com-
petitive and untrustworthy due to a lack of transparency.

Additive manufacturing (3-D and 4-D printing) is already used
in some industries, including healthcare (Linke, 2017). In recent years
3-D printers were developed to take digitally produced designs and
print them out in layers using polymers, metals, powders, foams, etc.
In 4-D printing, the products or parts created are “self-configuring (for
example, using) biomaterials that would continue to evolve “ (Linke,
2017, para 23). Children's Hospital Colorado (2022) is the first children's
hospital to use 3-D printed casts for children with fractures, sprains, lig-
ament injuries, and dislocations. The casts are use a kid-friendly mate-
rial; it is lightweight, waterproof, and adjustable. The benefit of
additive manufacturing is that it can create customizable products or
parts delivered directly to the end-user, cutting out all the time and pro-
cesses of the supply chain (Linke, 2017).

Healthcare organizations appear to be in the beginning stages of
considering the global supply chain issue. What is important is for orga-
nizations not to become complacent and let this crisis go to waste. It is
important for healthcare organizations to do a deep dive and hear the
experiences of the nurses on the frontline and not assume that the
only materials in short supply was personal protective equipment and
ventilators.

For pediatric nurses, bargaining and trading supplies between units
is not sustainable, but nurses know this. Pediatric nurses will do what
they need to do to provide the best care possible to their patients. Imag-
ine a system within an organization that permits the bedside nurse to
view what supplies and equipment are available and where they are
in the hospital. It would end units' hoarding supplies, and it may work
for the entire system and benefit the patients. It is important for nurses
to be at the table where decisions like these are suggested or decided.

Our unit made it through two years of the pandemic, with some lives
lost to COVID- 19, but not as many as we had thought. Unfortunately,
now we continue to watch helplessly as our patients succumb to what
feels like our own shortcomings. Nurses have adapted to changes and
limitations caused by other entities to keep patients alive. As nurses, it
is our duty to provide optimal, safe patient care. We cannot do this with-
out the collaboration of the healthcare organization, medical suppliers,
and policymakers' so that we can climb out of this dangerous situation.

Nurses need to be a part of the discussion for all revisions made to
supply chains. At the point of care, nurses are the key informants for
what worked and did not throughout the pandemic. Nurses must con-
tinue to bring cases like this one forward so that healthcare organiza-
tions and political leaders understand the breadth and depth of the
global supply chain failure. Unfortunately, the morbidity and mortality
will continue until there are solutions to this wicked problem.

Summary
The failure of the global supply chain became rapidly apparent at

the beginning of the COVID-19 pandemic when healthcare organiza-
tions were left without supplies needed to care for patients. The
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supply chain failure is one downstream effect of the pandemic and
indirectly impacts patient morbidity and mortality. CLABSIs are
preventable hospital-acquired complications that falls within the
healthcare provider's scope of practice to intervene and implement
change. The prevalence of CLABSIs costs individuals their health and
lives and hospital systems excessive money. Standardized central
line insertion and care bundles have proven to be effective in reduc-
ing the incidence of CLABSI; however, they are dependent on
the availability of materials and supplies. It remains to be seen if
healthcare organizations can continue to provide the materials re-
quired for clinicians to maintain the excellent results that were
achieved with never events before the oandemic. The failure of the
global supply chain must be examined by healthcare organizations,
manufacturers, and government officials so that new systems can
be put into place, so we are prepared for a public health emergency.
The failure of the global healthcare supply chain is a wicked problem
that needs resolution soon for the health of all people.
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