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Editorial on the Research Topic
Global perioperative care in Africa

Perioperative care and critical care medicine are fundamental to providing universal
health coverage, yet they remain among the least equitably distributed services worldwide.
Today, an estimated 5 billion people lack access to safe, affordable surgical and anesthesia
care, underscoring the urgency of system-wide solutions (1). The Frontiers in Medicine
Research Topic Global Perioperative Care in Africa brings together a multidisciplinary
body of evidence that underscores both the complexity and the promise of advancing
surgical, anesthesia, and critical care capacity across low- and middle-income countries.
These studies reflect a shared goal: using clinical innovation and research to strengthen
health systems and create equity in Africa.

Innovation grounded in context

The Research Topic opens with work that exemplifies the adaptive ingenuity of
clinicians and engineers who must respond to resource constraints. In “A comparative
analysis of intravenous infusion methods for low-resource environments, Tomobi et al.
evaluate pragmatic infusion strategies suitable for hospitals where electricity and
consumables are limited. Their findings remind us that technology design must begin with
end-user realities. Similarly, in “Bridging the mismatch: observing the introduction of new
anesthesia technology for a low-resource environment, Sampson et al. demonstrate that
sustainable adoption of biomedical innovation requires participatory learning, co-creation,
and local ownership. Both studies highlight that scientific rigor and contextual empathy are
not opposing values but complementary foundations of sustainable innovation.
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Workforce and systems as catalysts for
change

Strengthening human resources and institutional processes
emerges as a unifying theme across the Research Topic. In
“Strengthening nursing knowledge and skills in perioperative cleft
care: a focused training approach in Nigeria’s surgical healthcare
plan” Lawal et al. present a model for targeted, context-
specific nurse education that extends beyond skill acquisition
to empowerment and retention. “The landscape of perioperative
nursing education in Africa: a scoping review” Wong et al
broadens this conversation, mapping curricular gaps and policy
opportunities to professionalize perioperative nursing across
the continent.

At the systems level, “Development, implementation, and
evaluation of a rapid response system at a Nigerian teaching hospital,
a novel idea in sub-Saharan Africa; Ariyo et al. introduces an
evidence-based framework for in-hospital emergency response—
a novel concept in many sub-Saharan contexts. This intervention
demonstrates how structured communication, early warning tools,
and multidisciplinary teamwork can reduce preventable deaths and
foster a culture of safety.

Local evidence for global relevance

Building a global science of perioperative care requires evidence
generated within the regions where needs are greatest. In “Mortality
and its associated factors among mechanically ventilated adult
patients in the intensive care units of referral hospitals in Northwest
Ambhara, Ethiopia” Tadesse et al., outcome data collected from local
intensive care units illuminate risk factors that global datasets often
overlook. “Healthcare providers’ knowledge, attitude, and practice
toward cervical cancer screening in sub-Saharan Africa: systematic
review and meta-analysis” Delie et al. similarly emphasizes
the translational value of regional research for broader health-
system planning. Finally, “Ultrasound assessment of diaphragmatic
dysfunction in non-critically ill patients: relevant indicators and
update; Yao et al. illustrates how advances in diagnostic
science can inform perioperative and critical care pathways
across settings.

Collectively, these articles challenge the historic one-
way flow of scientific knowledge from high- to low-income
contexts. By prioritizing African data, they expand the
global evidence base, making it both more representative and
more actionable.

Financing, partnerships, and the path
to equity

Scientific progress alone cannot sustain system transformation

without corresponding investment and policy alignment.
Financing mechanisms for perioperative and critical care remain
fragmented, often dependent on short-term donor cycles rather
than long-term infrastructure and workforce development. To
realize the vision articulated in this Research Topic, health-system

strengthening must be recognized as a global public good—worthy

Frontiersin Medicine
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of stable financing akin to vaccination or disease surveillance
programs. Without sustained investment, even the most promising
innovations cannot close the surgical access gap highlighted by the
Lancet Commissions’s findings.

Advocacy networks such as the G4 Alliance, the Johns
Hopkins Global Alliance of Perioperative Professionals, and other
regional and diaspora-led coalitions have a crucial role in aligning
governments, academia, and philanthropy around this agenda.
Their combined advocacy underscores that equitable surgical and
critical care is not a luxury of wealthy nations but a prerequisite for
resilient health systems everywhere.

Conclusion: toward a science of
systems

The articles gathered under Global Perioperative Care in Africa
collectively redefine what constitutes global health research. They
move the field from isolated interventions toward a science of
systems—where engineering, clinical medicine, public health, and
economics converge to strengthen institutional capacity. This
Research Topic invites continued collaboration among clinicians,
researchers, engineers, and policymakers to expand the frontiers
of equitable care. By embedding innovation within local systems,
nurturing regional research capacity, and mobilizing global
partnerships, the contributors to this Research Topic chart a path
toward sustainable, evidence-based perioperative and critical care
for all.

Global health equity will be achieved not by technology
alone, but by the deliberate alignment of science, solidarity, and
sustained investment.
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Introduction: Intravenous (IV) therapy is a crucial aspect of care for the critically
ill patient. Barriers to IV infusion pumps in low-resource settings include high
costs, lack of access to electricity, and insufficient technical support. Inaccuracy
of traditional drop-counting practices places patients at risk. By conducting
a comparative assessment of IV infusion methods, we analyzed the efficacy
of different devices and identified one that most effectively bridges the gap
between accuracy, cost, and electricity reliance in low-resource environments.

Methods: In this prospective mixed methods study, nurses, residents, and
medical students used drop counting, a manual flow regulator, an infusion
pump, a DripAssist, and a DripAssist with manual flow regulator to collect
normal saline at goal rates of 240, 120, and 60 mL/h. Participants’ station setup
time was recorded, and the amount of fluid collected in 10 min was recorded (in
milliliters). Participants then filled out a post-trial survey to rate each method (on
ascale of 1to 5) in terms of understandability, time consumption, and operability.
Cost-effectiveness for use in low-resource settings was also evaluated.

Results: The manual flow regulator had the fastest setup time, was the most
cost effective, and was rated as the least time consuming to use and the easiest
to understand and operate. In contrast, the combination of the DripAssist and
manual flow regulator was the most time consuming to use and the hardest to
understand and operate.

Conclusion: The manual flow regulator alone was the least time consuming and
easiest to operate. The DripAssist/Manual flow regulator combination increases
accuracy, but this combination was the most difficult to operate. In addition,
the manual flow regulator was the most cost-effective. Healthcare providers
can adapt these devices to their practice environments and improve the safety
of rate-sensitive IV medications without significant strain on electricity, time, or
personnel resources.

KEYWORDS

cost-effectiveness analysis, global health disparities, critically ill, low-resource setting,
intravenous infusion therapy, sedation
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1 Introduction

Intravenous (IV) therapy is used to achieve homeostatic balance
and is crucial to the care of critically ill patients. Intravenous fluids are
required to maintain or increase cardiac output vital for tissue
perfusion and for the sedation necessary to promote healing during
admission to an intensive care unit (ICU) (1). Yet, excessive
administration or under-delivery of fluids or medications can result
in complications that contribute to morbidity and mortality (2).
Furthermore, accuracy, cost, and the perspectives of healthcare
workers with respect to the range of IV therapies available are still
minimally explored in the low-resource setting.

In critically ill patients with hemodynamic instability, such as with
distributive shock, appropriate fluid balance is crucial. Aggressive
fluid administration can result in volume overload and worsen the
patient’s condition (3-6). Similarly, sedation overdosage and
underdosage can negatively affect health measures such as the depth
of sedation for ventilator use or successful pain management to reduce
hospital stay. Accurate infusion methods can improve recovery
outcomes in the ICU and reduce hospital stay (7). Although different
IV delivery methods may have different levels of accuracy, additional
factors must be considered for low-resource environments.

Accuracy in delivering IV fluids and other medications is achieved
by using infusion pumps and other volumetric devices. Many of these
devices are expensive and require electricity. Most available infusion
pumps range in price from $1,200 to $4,000 each (8) and may
be prohibitively expensive in low-resource settings. To overcome these
financial barriers, other devices may be considered.

Health providers in low-resource settings usually resort to drop-
counting, which relies on raising the IV bag above a patient to increase
the hydrostatic pressure to overcome the vein’s peripheral pressure,
and observing the flow rate by counting the number of drops per
minute (9). Inaccuracy of traditional drop-counting practices places
patients at risk for complications that may increase morbidity and
mortality (9).

The manual flow regulator is a circular device that allows the
healthcare provider to manually set the flow rate in milliliters per hour
(10). This device is advantageous because it facilitates a consistent
infusion rate, does not require electricity or batteries, and costs
$4.00U.S. dollars (USD). A disadvantage, however, is that the accuracy
may not approach that of the IV infusion pump.

A portable device known as the DripAssist has been shown in 2
studies to be accurate and can be used in low-resource settings such
as prehospital and military medicine (11, 12). The DripAssist was
developed to administer IV fluid infusions in low-resource areas at a
low cost with no electricity requirements (11, 12). Each DripAssist
device is priced at $400 USD and requires one AA battery. Though the
DripAssist provides a low-cost option for achieving accuracy in
low-resource settings, it is very sensitive to any movement.

According to the current literature, accuracy, precision, and setup
time are crucial considerations when comparing medical devices (5).
In low-resource environments, such as India and Senegal, both overall
costs and running considerations, such as electricity reliance, should
be considered (13-17). The perceptions of healthcare workers are
additionally important when it comes to the use of devices (18, 19). In
this prospective mixed methods comparative study, we aimed to
compare the different methods available for IV infusions that require
close volume and rate control. To this end, we (1) compared the
accuracy, precision, and setup time over 3 drip goals of 5 IV infusion
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methods, (2) evaluated healthcare worker perception of these options,
and finally (3) conducted a cost-effectiveness analysis of the devices.
The ultimate goal of this analysis is to identify a device that bridges the
gap between accuracy, cost, and electricity reliance for IV infusion
methods in low-resource settings.

2 Methods

This study was a mixed-methods prospective trial and a cost-
effectiveness analysis to compare IV infusion devices in terms of their
use in 2 countries, Senegal and India. It was conducted at the Johns
Hopkins University School of Medicine and Howard Community
College and was approved by the Institutional Review Boards at both
institutions (IRB00254064 and HCC — 2021-08-25, respectively). This
approval included special permission to conduct research with
institutional employees and special permission from the nursing
department leadership to recruit nurses. Participants were informed
about the study through a detailed consent form, which was signed
prior to participation.

2.1 Participant recruitment

The study included a set of local health nurse, resident, and
medical student volunteers. Inclusion criteria for participants included
age > 18 years, training or practicing with a minimum of a registered
nurse (RN) license for nurses, a medical degree for resident trainees
in the workforce, or enrollment in a U.S. medical school for medical
students. Sample size determination was based on sufficient numbers
needed for usability studies (at least 30 for quantitative analysis) (20).
No patients were involved in the study. For this study, recruitment was
targeted at local nurses who could participate at either the Johns
Hopkin Hospital site or the Howard Community College site (both in
Maryland) because nurses are typically responsible for administering
the proper IV infusion rate prescribed by the doctor. Medical students
and residents were also recruited to the study because residents are
also part of the workforce in low-resource settings and because
we wanted to investigate whether medical students with no experience
could easily learn the IV infusion setup.

Exclusion criteria included nurses with less than an RN level of
education, and undergraduate (pre-health) students.

Electronic flyers were created to advertise the study and to recruit
participants. Participants were scheduled in advance or recruited
onsite on the day of participation. Prior to the experiment, participants
had the option of watching a demonstration of each IV infusion
method through a series of videos made by the researchers. They also
had the option of observing a 5-min, live, in-person didactic and
demonstration session of each IV infusion at the time of registration.
Incentives for participation included a free designer Risen Regalia
facemask, a chance to win an Amazon or Visa gift card in a raffle, or
a hospital cafeteria gift card.

2.2 Study design

Healthcare nurses and trainee volunteers were asked to operate 5
different IV infusion methods (Figure 1). Each method was performed
at one of 5 stations: manually counting drops (station 1), using an IV
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FIGURE 1

Intravenous (IV) infusion methods. (A) Drop counting. This method is the most traditional way of delivering infusions in low-resource settings. Gravity is
used as the driving force to administer the IV fluid through tubing with a drip chamber. (B) IV infusion pump. The Alaris IV infusion pump is a relatively
expensive device that administers fluid in controlled amounts using a built-in software interface. (C) The DripAssist is a small, lightweight device that
operates with one AA battery. The rate of fluid infused is automatically monitored by the device itself. The DripAssist device also uses an alarm
technology that alerts the user of a significant change in drip rate. It provides a display of the rate as milliliters/h, drops/min, or total milliliters. (D) The
manual flow regulator is a simple cylindrical device that is attached to the IV tubing and allows the user to set the flow to a constant rate. This device
may make the infusion process easier, although the drip rate must be monitored occasionally.

manual flow regulator (station 2), using an Alaris IV infusion pump:
BD Alaris™ Pump Module (station 3), using the DripAssist device:
DripAssist Infusion Rate Monitor from Shiftlabs (station 4), and using
the DripAssist device and the IV manual flow regulator together
(station 5). Each station had 1 to 3 IV bags, an IV pole, an infusion set,
timers, and 3 graduated cylinders. The IV bags contained saline
solution, and all the parameters, including IV fluid bag, fluid type, and
fluid viscosity, were kept the same to avoid confounding bias. Study
team members were aware that 1 mL in different solutions could lead
to different drop count measurements; thus, IV saline was the only IV
fluid used in the study.

For accurate volume measurements, the fluid was collected in a
250 mL graduated cylinder clamped to a stand.

2.3 Data collection

Each data collector was trained on how to operate equipment at
each station and how to demonstrate each station to study
participants. We employed beta-testing with 10 participants to refine
our recruitment, enrollment, equipment use, and data collection
methods. These participants were not reflected in the participant
demographics or data analysis. Outcomes included station setup
time, drip rate accuracy, drip rate precision, and cost of using these
devices in an acute care setting. Participants completed a
questionnaire after the trial in which they were asked to rate the
operability, understandability, and perceived time consumption of
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each method on a 5-point Likert scale. Participants also had the
option to leave qualitative comments on the survey, which
we separately analyzed for common themes.

The accuracy and precision of each device was measured by
comparing drip rates. The participants were asked to set each device
to a specific drip rate: 240, 120, and 60mL/h. After 10 min, the
researcher measured the total volume collected in the cylinder and
calculated the drip rate with the following formula:

drip rate = —volume (mL)
time (min)

Study team members were aware that 1 mL in different solutions
could indicate a different drop count; thus, IV saline was the only IV
fluid used in the study.

The accuracy of the setup was independently determined by 2
researchers, who measured the volume of the fluid collected in the
cylinder after 10 min. The difference between expected and calculated
drip rate determined the accuracy level. The range of the standard
deviation determined the precision, with a wider standard deviation
demonstrating lower precision and a narrower standard deviation
showing higher precision.

Setup time was recorded with a stopwatch and included the time
to determine the given flow rate until the time that the participant was
satisfied with the setup and informed the researcher. Setup time did
not include the time to set up the bag (which was measured
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TABLE 1 Costs associated with ICU care in Senegal and India.
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Parameter India Senegal
Cost of ICU ventilator/day

Public hospital $7.50 NA®

Private hospital $39.13 NA*
Cost of ICU stay/day

Public hospital $33.33 all inclusive $55

Private hospital $93.75 all inclusive $330 to $400
Typical ICU bed count

Public hospital 5t06 4t07

Private hospital 18 4to7
Nurse salary

Public hospital $740 to $2,100 per month (basic+DA) $15for 12h

Private hospital $5.30 per hour NA
Physician salary

Public hospital Level 10 to 15: $740 to Rs 4,200 per month (basic +NPA + DA +TA) $50 for 24h

Private hospital $14 per hour $62 for 24h
Cost of sedative/pain management medications

Fentanyl $0.45 per 100 mcg ampule $14.00 per box

Ketamine $0.52 per vial $4.60 per box

Midazolam $0.35 per vial $4.67 per box

Morphine $0.37 per ampule $152.00 per box

PCM $0.37 for 1g infusion NA

Diclofenac $0.25 for 75 mg NA

Ketolorac $0.37 per injection NA

Tramadol $0.50 per injection NA

ICU, intensive care unit; NA, not applicable. PCM, paracetamol. Rs, Rupees. NPA, Non-practicing allowance. DA, Dearness allowance. TA, Traveling allowance.

“There is no structure in Senegal that bills for ventilator use.

separately). We averaged and reported the bag setup times for those
who set up the bag before setting up the infusion rate.

To accurately represent cost of care in an ICU setting, 2
investigators independently collected data about cost using public
health resources in Senegal and India (21-25).

2.4 Cost-effectiveness modeling in Senegal
and India

To determine the cost-effectiveness of the infusion methods in
low-resources settings, we created a model of a hypothetical ICU in
India and Senegal in which the methods would be deployed. The
model assumed that a patient would enter the ICU and receive
intravenous sedation therapy for 3 days. The cost measures were the
costs of materials for each infusion method, time/hly wages for
nurses and physicians, hospital stay, days on ventilator, and costs of
sedatives (midazolam and fentanyl) at a rate of 10 mL/h (Table 1).
We also made the assumption that the accuracy of the infusion
method would be reflected in a patient’s sedation score. A traditional
Richmond-Agitation Sedation Scale (RASS) (26) ranges from +4 to
—5. To make mathematical calculations and comparisons between
the infusion methods possible, corresponding numerical equivalents
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TABLE 2 Richmond-Agitation Sedation Scale (RASS).

RASS Description Numerical equivalent
+4 Combative 1
+3 Very agitated 2
+2 Agitated 3
+1 Restless 4
0 Alert & calm 5
-1 Drowsy 6
-2 Light sedation 7
-3 Moderate sedation 8
-4 Deep sedation 9
-5 Unarousable 10

(ranging from 1 to 10) were substituted for each RASS score
(Table 2).

Cost-effectiveness of the infusion methods was compared by
using the incremental cost-effectiveness ratio (ICER). ICER is
calculated by dividing the difference in total cost (incremental cost)
by the difference in the chosen measure of health outcome or effect
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(incremental effect) to provide a ratio of “extra cost per extra unit of
health effect” for the more expensive therapy versus the alternative.
Suboptimal sedation in our model would be associated with lower
quality-adjusted life years (QALY) (27). Therefore, we used QALY as
our health effect in the calculation of ICER.

2.5 Data analysis

Quantitative variables were compared by a 2-way ANOVA, testing
with replication for all different devices. ANOVA testing was
completed with WINKS WDA 7.0.9 (Texasoft, Dallas TX). The
confidence level for hypothesis testing is 95%, and the o level is 0.05.
For each dataset, the F-distribution and p value were determined.
ANOVA was used for station setup time.

Kruskal Wallis tests were used to assess differences between types
of practitioners and for setup time, flow rate accuracy, and participant
ratings of each station. The Newman-Keuls multiple comparison test
was used to assess statistical significance between stations for setup
time and participant ratings. The statistical software used was SAS
version 9.4 (SAS institute, Cary, NC).

For the qualitative, open-ended responses in the survey, data were
analyzed by noting themes using content analysis as determined by 2
independent researchers.

3 Results

The study included 54 nurse, resident, and medical student volunteers
(Table 3; Figure 2). Most participants were nurses, and the average
number of years in practice was less than 10 but varied by vocation. The
study included health professionals with diverse backgrounds, including
previous experiences in low-resource settings around the world.

3.1 Accuracy and precision of the infusion
methods

A comparison of the results from all 5 stations showed no
statistically significant differences in accuracy at various flow rates of
240mL/h (p=0.878), 120 mL/hour (p=0.093), and 60 mL/h (p=0.105;
Table 4). At the highest infusion rate, the infusion pump had the
greatest accuracy of flow, with a mean (SD) of 236 (21.7) mL/h, but
this value was not statistically significant from that at other stations.
The infusion pump and the manual flow regulator (226 [49.0] mL/h)
appeared to have the highest precision.

When we analyzed the results based on residents and nurses
alone, we found that at 240 mL/h, the differences in stations were
significant (p=0.03). In that analysis, the Alaris infusion pump’s
accuracy was similar to that of the DripAssist and the DripAssist
combination stations, but it was significantly more accurate than drop
counting and the manual flow regulator methods.

3.2 Setup times
Setup time differed significantly between stations (p <0.001); the

manual flow regulator was the least time consuming (mean [SD], 71
[56.2] seconds), and the combined DripAssist station was the most
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TABLE 3 Participant demographics.

Demographic variable No. (%) of participants

Age range, years
18-25 7 (12.96)
26-35 24 (44.44)
36-50 14 (25.93)
51-65 8 (14.81)
>65 1(1.85)
Scope/Level of practice
Nurse 34 (62.96)
Nurse anesthetist 11 (20.37)
Nurse (other) 23 (42.59)
Doctor 20 (37.04)
Medical student 11 (20.37)
Resident 9(16.67)
Years of practice
0 13 (24.07)
<1 4(7.41)
1-10 20 (37.04)
11-20 9 (16.67)
>20 8(14.81)
Gender
Male 11 (20.4)
Female 43 (79.6)
Practical experience in a low-resource country
Yes 6 (11.1)
No 48 (88.9)

time consuming (365 [291.2] seconds; Table 5). Setup time for the
manual flow regulator was not significantly different from that of the
infusion pump, which had the second fastest time of 116 (77.9)
seconds. The drop-counting method (225 [187.2] seconds) was the
third fastest station to set up and was significantly different from the
other 4 stations. The DripAssist station and the combined manual flow
regulator and DripAssist station took the most time to set up (352
[240.1] seconds and 365 [291.2] seconds, respectively), but they were
not significantly different from one another. Setup time for drop
counting was significantly different between types of practitioners
(p=0.001), with nurses taking significantly less time than others.

The mean bag setup time was 100 for those who set up the bag
before setting up the infusion rate.

3.3 Participant ratings of the infusion
methods

Ratings of understandability, operability, and perceived time
consumption of the infusion methods differed significantly between
stations (p<0.001). The manual flow regulator was considered to
be the most operable, most understandable, and least time consuming,
and the DripAssist stations were considered the most time consuming
(Table 5).

frontiersin.org


https://doi.org/10.3389/fmed.2024.1326144
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tomobi et al.

10.3389/fmed.2024.1326144

Enrollment

Orientation
to the
stations

Participant
requests time to
practice and
understand any of
the stations

NO+

Participant
may
practice
using the
device

Stations
1-5

Particpant
ready to
proceed
Assign

participant

to start at

one of the

5 stations

Begin
study

FIGURE 2

Intravenous Infusion Participant and Data Flow Chart

g Drop-count

Manual
flow
regulator

1V infusion
pump

DripAssist L

DripAssist
+ Manual
flow
regulator
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Understandability also varied among stations (p<0.001). The
drop-counting method and the manual flow regulator (stations 1 and
2) were rated the easiest to understand (mean [SD], 4.5 [0.92] and 4.8
[0.57], respectively) but were not statistically different from each other.
The Alaris infusion pump and the DripAssist stations were the next
easiest to understand (4.0 [1.2] and 3.8 [1.1], respectively) but were
not statistically different from each other. The combined DripAssist
and manual flow regulator station was the most difficult to understand
(3.5 [1.3]) but was not statistically different from the DripAssist alone.

Analysis of operability (p<0.001) showed that the manual flow
regulator was the most operable device (4.7 [0.73]) by a statistically
significant margin. The Alaris infusion pump was the second most
easy station to operate (4.2 [1.1]), and this again was statistically
different from other methods. Stations 1, 4, and 5 were the most
difficult to operate (3.1 [1.6], 2.8 [1.2], and 3.0 [1.2], respectively) and
were not statistically different from each other.

For the perceived time-consuming nature of the stations
(p<0.001), the manual flow regulator (station 2) was rated as the least
time consuming (1.2 [0.58]), and this was statistically significant. The
Alaris infusion pump (station 3) was perceived as the next least time-
consuming device (1.7 [0.91]) and was also statistically significant.
Stations 1, 4, 5 were rated as being the most time consuming, and the
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differences between these 3 were not statistically significant (3.3, [1.4],
3.7 [1.2], 3.4 [1.2], respectively).

3.4 Content analysis of participant survey
comments

Several common themes emerged from participants’ responses:
perceived accuracy, time-consuming nature of method, willingness to
use in low-resource settings, favorites, and suggestions for
implementation in low-resource settings.

3.4.1 Perceived accuracy

Participants thought that the manual flow regulator was less
accurate than other methods because the flow rates required estimates
that were not on the device. For example, one participant mentioned
that “the dial needs to be more accurate. Cannot tell if it is set up to
240. Numbers go from 200 to 250.” Perceptions were mixed regarding
whether the DripAssist was more accurate than drop counting.
Although one participant preferred drop counting because the
DripAssist “takes so long to set,” another participant preferred the
DripAssist, “especially in critical care situations in which the rate

frontiersin.org


https://doi.org/10.3389/fmed.2024.1326144
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tomobi et al. 10.3389/fmed.2024.1326144

TABLE 4 Comparison of flow rate accuracy among infusion methods.

Parameter Drop Manual flow Alaris IV DripAssist  DripAssist + manual
counting regulator infusion pump flow regulator

Flow rate goal: 240 mL/h
Actual flow rate, mean (SD) 273.79 (155.79) 226.56 (49.04) 236.54 (21.7) 229.45 (73.22) 221.26 (62.82) 0.878
Mean deviation from the goal, % 14.08 —5.60 —1.44 —4.40 -7.81
n 53 54 54 53 54

Flow rate goal: 120 mL/h
Actual flow rate, mean (SD) 124.83 (83.75) 118.86 (25.62) 117.16 (7.68) 108.25 (40.12) 109.22 (25.84) 0.093
Mean deviation from the goal, % 4.03% —-0.95% -2.37% -9.79% —8.98%
n 36 37 37 36 36

Flow rate goal: 60 mL/h
Actual flow rate, mean (SD) 65.38 (51.18) 55.41 (12.19) 57.78 (10.77) 61.71 (74.37) 56.82 (25.12) 0.105
Mean deviation from the goal, % 8.97% —7.65% -3.70% 2.85% —5.30%
n 34 34 36 35 34

1V, intravenous; SD, standard deviation.

TABLE 5 Setup times and participant ratings for each infusion method.

Parameter Drop Manual flow Alaris IV DripAssist DripAssist + manual p value
counting regulator infusion pump flow regulator
Setup time, seconds, mean (SD)* | 224.83 (187.17) 70.76 (56.2) 116.07 (77.89) 351.83 (240.07) 365.39 (291.24) <0.001
Participant rating
Understandability, mean 4.462 (0.917) 4792 (0.567) 4.038 (1.176) 3.811 (1.128) 3.528 (1.31) <0.001
(SD)°
Operability, mean (SD)* 3.094 (1.56) 4.692 (0.729) 4.204 (1.122) 2.843 (1.189) 3(1.188) <0.001
Time consuming nature, 3.302 (1.367) 1.226 (0.577) 1.717 (0.907) 3.698 (1.17) 3.442 (1.243) <0.001
mean (SD)¢

1V, intravenous; SD, standard deviation.*nn =54 for all methods except for DripAssist, where n=53.
PRating scale was 1 to 5, with 5 being very easy to understand. n =53 for all methods except for drop counting, where n=52.
“Rating scale was 1 to 5, with 5 being very easy to operate. n=51 for DripAssist and DripAssist + manual flow regulator; n =52 for manual flow regulator; n=53 for drop counting; n =54 for

Alaris IV infusion pump.

dRating scale was 1 to 5, with 5 being very time consuming. n =53 for all methods except for DripAssist + manual flow regulator, where n=52.

needs to be very accurate - it’s better than nothing. However if I was
just infusing fluids, I might just drop count?”

3.4.2 Time consuming

Participants found the 2 DripAssist stations to be the most
time consuming. One participant remarked that it was “painful,”
and another pointed out that it “requires no movement,” because
the device is motion-sensitive during setup. Yet another participant
wrote, “I wanted to like the DripAssist, and it was more convenient
than counting drops, but it is also time consuming trying to get the
exact number. It’s easier for a nurse to come by and do a quick
check” on the flow rate “to make sure the rate has not changed due
to patient movement compared to drop count” In comparison with
other methods, “the Alaris was the fastest but using the DripAssist
and manual regulator together were easy to operate and not that
time consuming with practice” Although most participants
thought that the manual flow regulator alone was least time
consuming, participants who liked the combination station
thought that more experience with the DripAssist could decrease
the time for setup and allow the accuracy to approach that of the
Alaris infusion pump.
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3.4.3 Willingness to use in low-resource settings

Many participants stated that all of the devices could be used in a
low-resource setting and that they can help improve the safety of
medications administered. For example:

- “If people are taught” and oriented to the new technologies, such
implementation “will be a great way to learn and it will be useful
in a low-resource setting”

- These various technology methods “will help patients get more
medications in a safe and timely manner”

3.4.4 Favorites

Participants had a variety of favorites among the 5 stations for
different reasons. Manual drop counting was favored because it was the
“most fun” The manual flow regulator was favored because it was not
as motion-sensitive as the DripAssist and was “not bad.” The DripAssist
station was favored, with reservation, because participants “would have
loved this in the ICU;’ but “there may be a lot of [number] rounding”
The combination of the DripAssist and manual flow regulator was
favored by some because it “made me feel more confident” The
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combination station was the least favorite for some participants because
“positioning is key for the DripAssist” and it was “overwhelming
because you have to go back and forth between devices”

3.4.5 Suggestions for implementation in
low-resource settings

Participants’ suggestions for the manual flow regulator and the
DripAssist ranged from improving efficiencies with the flow of patient
care to using one infusion method as a backup to the other. The following
are the most noteworthy feedback points gathered from the participants:

- Caution is recommended with “checking and changing tubing,’
as this is one of the most important steps.

- Because of its motion sensitivity, “changes in gravity (higher/
lower IV bag) affect the DripAssist” accuracy measurements.

- One suggestion targeted cost savings with DripAssists. The
participant recommended running the DripAssist “to spot
check-- like after running for a few minutes.” This use could allow
low-resource settings to purchase fewer DripAssists.

- Another participant further suggested that in the healthcare
setting, the staff could “just undershoot the rate and then
supplement if necessary” as another cost-saving measure.

- A concern was raised with the manual flow regulator with regard
to “[changing] the device for each patient”

3.5 Cost-effectiveness analysis

The results of our study indicated that all infusion methods
reached levels of accuracy that were comparable to the gold standard
of the IV infusion pump (p=0.8). Therefore, each method can achieve
an optimal sedation state to reduce in-hospital mortality and increase
quality of life. Therefore, we assigned QALY =1 for all methods. The
infusion pump would be the most expensive method in both Senegal
and India, and the manual flow regulator would be the least expensive
(Table 6). Therefore, the incremental cost-effectiveness ratio, or ICER,
helps to relate the cost to the effectiveness of the type of IV method as
illustrated below. A negative ICER indicates cost savings.

Comparison of manual flow regulator to drop counting.
ICER=409.56-411.77/1 QALY = —$2.21 per QALY in Senegal.
ICER=113.26-110.04/1 QALY = $3.22 per QALY in India.

Comparison of DripAssist to drop counting.
ICER=707.76-411.77/1 QALY =$295.99 per QALY in Senegal.
ICER=410.57-110.04/1 QALY =$300.53 per QALY in India.

TABLE 6 Total cost per method per patient.

Infusion method Total cost ($)**

India

Senegal

Drop counting 411.77 110.04
Manual flow regulator 409.56 113.26
Alaris IV infusion pump 2404.92 2108.16
DripAssist 707.76 410.57
DripAssist + manual flow regulator 711.85 414.63

IV, intravenous. **Costs are based on a 3-day stay in the ICU.
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Comparison of DripAssist/manual flow regulator to drop counting.
ICER=711.85-411.77/1 QALY =$300.08 per QALY in Senegal.
ICER=414.63-110.04/1 QALY =$304.59 per QALY in India.
Comparison of IV infusion pump to DripAssist.
ICER=707.76-2404.92/1 QALY =—1697.16 per QALY in Senegal.
ICER=410.57-2108.16/1 QALY =—1697.59 per QALY in India.

Comparison of IV infusion pump to DripAssist/manual
flow regulator.

ICER=711.85-2404.92/1 QALY =—1693.07 per QALY in Senegal.

ICER=414.63-2108.16/1 QALY =—1693.53 per QALY in India.

Comparison of 1V infusion pump to manual flow regulator.
ICER=409.56-2404.92/1 QALY =—1995.36 per QALY in Senegal.
ICER=113.26-2108.16/1 QALY =—1994.90 per QALY in India.

With the exception of the IV infusion pump, all methods met
acceptable cost-effectiveness thresholds for implementation in
Senegal (adjusted for purchasing power parity: $73-$1,166; actual
$34-$544) or India (adjusted for purchasing power parity: $416-
$2,781; actual: $115-$770) (25). The manual flow regulator appeared
to have the highest cost-effectiveness. The DripAssist also met
acceptable levels of cost-effectiveness in both countries and
theoretically yielded cost savings when compared with implementing
the IV infusion pump.

4 Discussion

In this study, we examined new devices for delivering IV infusions,
compared their accuracy and precision, and evaluated their cost-
effectiveness in low-resource settings. Additionally, we assessed the
perceptions of these devices among a diverse group of healthcare
workers. These participants offered additional insights into the use of
the technologies in low-resource settings.

Both the DripAssist and the manual flow regulator are portable,
superior low-cost alternatives to drop counting. The manual flow
regulator alone was best understood and easiest to operate for the
participants and had a high level of precision, making this a very
favorable option for a low-resource setting. Although the DripAssist/
manual flow regulator combination increased accuracy compared
with manual drop counting, this combination was the most difficult
to use and most time consuming, making it a less favorable option for
a low-resource setting. Comments from participants suggested that
the DripAssist could achieve as much accuracy as the infusion pump
but that it was very sensitive, position-dependent, and more time
consuming than other systems tested (Table 7).

An additional consideration was that setup time for drop counting
differed significantly between types of practitioners (p <0.001), with
nurses taking significantly less time than others. The setup time
factored into our cost analysis with physician and nurse wages.
Furthermore, because the Alaris infusion pump is only offered in
English, language may present as another barrier to implementation
in non-English speaking countries, such as Senegal.

Based on these results, we believe that healthcare providers can
adapt these devices to their practice environments and thereby
improve the safety of rate-sensitive IV medications over the traditional
method of drop counting without significant strain on electricity,
time, or personnel resources.
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TABLE 7 Comparison of methods based on desired metrics.

Method Accuracy Precision Actual

setup time

Perceived
setup time

10.3389/fmed.2024.1326144

Cost-
effectiveness

Perceived
operability

Perceived
understanding

Drop counting + + +++ ++ +++ 4+ ++
Manual flow regulator +++ -+ 4+ o+ e+t e+ o+
Alaris IV infusion +++++ ++++ ++++ +++++ ++++ +++ +
pump
DripAssist ++++ + + + ++ ++ +++
DripAssist/ manual ++++ ++ + + ++ + +++
flow regulator

More + marks in a category indicates more favorable metrics for that method. IV, intravenous.

4.1 Accuracy and healthcare worker 4.2 Cost

perceptions

A key finding in this study is the similarity in accuracy between the
different infusion methods. As mentioned previously, the DripAssist has
demonstrated accuracy and can be used in low-resource settings such
as in prehospital locations and military medicine (10, 11). In addition,
Couperus et al. (11) assessed the perceptions of healthcare workers who
compared the DripAssist to drop counting and infusion pumps and
concluded that the DripAssist was easier to use than either drop
counting or infusion pumps and that the DripAssist can be accurate in
alow-resource setting. Participants in our study believed the DripAssist
to be as accurate as the infusion pump, but they did not find it to
be easier to operate than either the infusion pump or drop counting. Of
note, a disadvantage of the free drop method was the decrease in the rate
as the IV bag decreases in volume. Nevertheless, participants thought
that with practice, DripAssists may become easier to use. Participants
cited the motion sensitivity of the DripAssist as the reason for it being
the most time consuming and least operable of the devices tested.

Another consideration is the possibility of low infusion rates. In one
study by Vieira et al, low infusion rates were shown to cause a startup
delay, that is, the period between the start of the infusion at a desired
infusion rate and the actual delivery of the medication. Startup delay not
only delays the delivery of medication to the patient, it also creates a
discrepancy between the delivered volume as recorded by the pump and
the volume that is actually delivered to the patient. The startup delay was
smaller at higher infusion rates. Accuracy was not affected at any of the
flow rates, though total volume delivered may have been affected (28).

Additionally, our study demonstrated a significant difference in
flow rate accuracy (p=0.03) among the more experienced healthcare
workers, namely nurses and residents. Flow rate accuracy of the
DripAssist was statistically similar to that of the infusion pump and
statistically different from those of the manual flow regulator and
drop-counting methods. Thus, when looking to apply these methods
in low-resource settings, it is important to note that nurses and
residents are the backbone of the workforce. Nevertheless, medical
students also learned the setup and had infusion method ratings
similar to those of other health professionals.

Other considerations are that in Dakar, Senegal, the manual flow
regulator is commonly used, whereas in India, manual counting of drops
or milliliters is most commonly used. Despite unfamiliarity with the
manual flow regular and its lower accuracy, participants demonstrated
higher precision with this device than with other devices. This finding
implies that healthcare settings, including those in low-resource areas,
may use other metrics for deciding between methods.

Frontiers in Medicine

16

We conducted a cost-effectiveness analysis of the 5 methods for
India and Senegal as representative low-resource settings in
sub-Saharan Africa and in South Asia. We included health-related
costs, worker-related costs, and the direct costs of each infusion
method. The health measure of interest was based on QALY after
sedation in the ICU. The infusion pump appeared to be least cost-
effective and the manual flow regulator appeared to be most cost
effective in a low-resource environment (demonstrated for both
Senegal and India). With the exception of the IV infusion pump, all
methods met globally acceptable cost-effectiveness thresholds (29).
It is interesting to note that in Senegal, ventilator use does not factor
into the pay structure. It could be that the use of ventilators lags
behind owing to lack of training; thus most ventilators in the
country are not being used. Another reason could be that the use of
ventilators is factored into the “oxygen need” of the patients.
Conversely, in India, use of ventilators is a large contributor to cost,
making it very expensive to keep a patient on the machine for more
than 2 days.

4.3 Limitations and future areas of research

This study had some limitations. For example, not every
participant had to set up an IV bag from scratch, reducing the
sample size for this metric. The study was not conducted in
low-resource settings, but rather in high-resource institutions, and
it was not conducted at the patient bedside. It is possible that results
for flow rate may differ in clinical settings, especially in low-resource
areas. Finally, our cost-effectiveness analysis addressed only one
outcome that was based on the accuracy of sedation flow rates,
which we found differs minimally between methods. Although
statistical significance was not demonstrated, statistical significance
may differ from clinical significance of the variation in flow rates
demonstrated in this study.

Further study of the manual flow regulator may be warranted
to determine how many times it can be reused, how long on
average it takes to break, and how regularly it should be tested for
accuracy. In addition, future studies of the experimental methods
used here should be conducted as a clinical study in a low-resource
clinical setting. Such a study could be conducted in Sierra Leone,
as Johns Hopkins sent 30 DripAssists there in 2020 to bolster their
critical care capacity. Lastly, the devices should be trialed at other
flow rates and with other fluids or medications, perhaps tailored
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to the most frequently used rate-sensitive medications in
these settings.

4.4 Conclusion

Both the DripAssist and manual flow regulator are portable, superior
low-cost alternatives to drop counting. The combination of the 2 devices
has accuracy similar to that of manual drop counting. However, this
combination was the most difficult and most time-consuming method
tested in the study. The manual flow regulator alone was most understood
and easiest to operate by healthcare worker participants and was
determined to be the most cost effective in low-resource settings. The
DripAssist followed as the next most cost-effective method. These
methods can be considered for implementation in acute care
environments when sedation infusions are part of IV therapy. Healthcare
providers can easily adapt these devices to their practice environments
and improve the safety of rate-sensitive IV medications without
significant strain on electricity, time, or personnel resources.
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Objective: The objective of this study was to examine the impact of the
introduction of the Universal Anaesthesia Machine (UAM), a device designed
for use in clinical environments with limited clinical perioperative resources, on
the choice of general anesthesia technique and safe anesthesia practice in a
tertiary-care hospital in Sierra Leone.

Methods: We introduced an anesthesia machine (UAM) into Connaught Hospital,
Freetown, Sierra Leone. We conducted a prospective observational study of
anesthesia practice and an examination of perioperative clinical parameters
among surgical patients at the hospital to determine the usability of the device,
its impact on anesthesia capacity, and changes in general anesthesia technique.

Findings: We observed a shift from the use of ketamine total intravenous
anesthesia to inhalational anesthesia. This shift was most demonstrable in
anesthesia care for appendectomies and surgical wound management. In 10
of 17 power outages that occurred during inhalational general anesthesia,
anesthesia delivery was uninterrupted because inhalational anesthesia was
being delivered with the UAM.

Conclusion: Anesthesia technologies tailored to overcome austere
environmental conditions can support the delivery of safe anesthesia care
while maintaining fidelity to recommended international anesthesia practice
standards.
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1 Introduction

Safe general anesthesia is a drug-induced reversible condition that
includes specific behavioral and physiological traits—unconsciousness,
amnesia, analgesia, and akinesia—with concomitant stability of the
autonomic, cardiovascular, respiratory, and thermoregulatory systems
(1). Anesthesia delivery systems are essential intraoperative life
support devices used to achieve these goals in surgical patients. Design
advances in anesthesia technology have introduced complex features
that enhance patient management in high-resource countries but
render such devices impractical and unsafe in resource-poor locations
that experience frequently interrupted electrical supply, inconsistent
access to compressed oxygen (2) and consumables such as carbon
dioxide (CO,)-absorbing granules (2), and little or no biomedical
maintenance support. These constraints hinder the global goal to
improve access to safe surgical and anesthesia care as described by the
Lancet Commission on Global Surgery and the World Health
Assembly in 2015 (3).

The Universal Anaesthesia Machine (UAM®) (Gradian Health
Systems Inc. New York, United States) was designed to overcome these
constraints by providing a source of concentrated oxygen from
ambient air, low-resistance vaporizers, and one-way expulsion of CO,
in the absence of CO,-absorbing granules. The machine could thus
enhance the capacity to provide safe and consistent anesthetic care for
surgical patients in low-resource conditions.

The objective of this study was to examine the safety and impact
of introducing the UAM® into an austere clinical environment with
limited perioperative resources. Specifically, we examined the effect of
the addition of the UAM® on the practice of total intravenous
anesthesia (TIVA) techniques for general anesthesia in a tertiary-care
hospital in Sierra Leone. We hypothesized that if local anesthesia
providers had access to a reliable, safe, and effective anesthesia delivery
system, we would observe a shift among general anesthesia cases from
TIVA techniques to increased use of inhalational agents. We also
examined the performance of the UAM® in the presence of
environmental constraints and reviewed its effects on intraoperative
care, postoperative sedation, and analgesic levels after its deployment.

2 Methods
2.1 Study setting

This study took place at Connaught Hospital in Freetown, Sierra
Leone, West Africa. Connaught Hospital is a tertiary-level government
hospital with 275 beds that serves as a national referral center,
providing all health services except maternal and non-surgical
pediatric healthcare. Here, 10-15 cases are performed in the
operating rooms.

2.2 Ethics

The study approval was obtained from the Sierra Leone Ethics and
Scientific Review Committee and our Institutional Review Board. All
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participants provided consent prior to enrolling in the study. The
funding company did not provide any oversight with respect to data
review or choice of data collection. They did not see or influence study
plans or results, nor did they influence study design, or review
outcomes prior to or during abstract and manuscript generation.
Safeguards against research influence were incorporated within a
memorandum of understanding with the company.

2.3 Study design

We conducted a prospective observational study of anesthesia
practice among all anesthesia providers at Connaught Hospital (10
nurse anesthetists and 1 physician anesthetist), examining
perioperative clinical parameters among a convenience sample of
surgical patients. Observed procedures and enrolled patients were
those scheduled to receive surgical care on weekdays (M-F) between
8:30a.m. and 4:00p.m. and consented to participate in the study,
respectively. We designed and piloted the perioperative data collection
forms among anesthesia providers at the Johns Hopkins Hospital,
Baltimore, Maryland, United States, and subsequently modified these
tools in-country to ensure contextually appropriate data variables and
minimize data collection ambiguity. Data were collected at the study
site over a period of 25months (June 2012 to July 2014). Baseline
clinical anesthesia practice was determined through direct observation
of care and documentation of perioperative tasks by anesthesia
providers in a preceding observational exercise from June 2012 to
February 2013 (pre-UAM® deployment) (4), after which
we introduced the UAM® to the hospital. Device deployment was
accompanied by a 1-week training course for all anesthesia care
providers and biomedical technicians. The training involved basic
principles related to the provision of general anesthesia and the use of
the UAM. Given the introduction of new UAMs, we worked closely
with Gradian Health for a detailed step-by-step walk-through of the
use of the UAMs. We continued the observation of anesthesia practice
after device introduction for 18 months from February 2013 to
August 2014.

We trained seven Sierra Leonean research assistants, including
two research nurses, on research methodology, operating room
etiquette, and other relevant tasks. These research assistants were also
trained to assess clinical care, including vital sign monitoring, and
clinical parameters such as pain and consciousness level of patients in
the perioperative period. Intraoperative data collection took place
from Monday to Friday over a period of 2 years, except on hospital-
sanctioned holidays when elective surgical cases were not performed.
Research nurses monitored vital signs at designated times in the
postoperative period. The Johns Hopkins-based research team
(consisting of US-based clinicians with public health expertise)
supervised research assistant training and data collection directly until
they obtained a kappa statistic of agreement >0.7 (5).

Postoperatively, we followed the clinical status of observed cases
to hospital discharge or to postoperative day 30 through examination
of hospital ward records. The research nurses conducted direct patient
clinical assessments for recovery from anesthesia and surgery in the
first 72 postoperative hours among a convenience sample of
consented patients.
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2.4 Materials

2.4.1 Anesthesia devices
o The UAM® can be classified as a low-resource optimized
anesthesia machine in that it is designed for environments
that must contend with power interruptions, compressed
oxygen shortages, and biomedical technician limitations. It is
an electric anesthesia delivery system with an incorporated
high-capacity oxygen concentrator capable of providing a
flow of 10 L/min with 95% inspired oxygen delivery to the
patient. It utilizes a low-resistance draw-over vaporizer
system that permits the combination of continuous flow and/
or draw-over anesthesia for varying conditions encountered
in resource-challenged, austere environments. Although the
UAM® can use compressed cylinder oxygen or pipeline
oxygen sources to deliver oxygen and inhaled agents, the
low-resistance draw-over vaporizer can function without
compressed gases via egress of room air into the system,
providing anesthesia delivery to the patient in the absence of
compressed gases or electrical power. It is an oxygen sensor
that analyzes the inspired oxygen concentration delivered to
the patient and displays this on a monitor with a 10-h battery
backup. The UAM® model used in this study is designed for
spontaneous and/or manually assisted ventilation (with
manual bellows, all UAMs® are delivered with an attached
different
manufacturer). The UAM® has CE certification for safe use

multifunction cardiac monitor from a
by the European Union, and the system was approved for use
by the Sierra Leone Ministry of Health and the IRB for the
country. The UAM® was already in use in the United Kingdom
at the time of commencing the study. The Johns Hopkins
University School of Medicine created an NGO organizational
agreement with the authorities in the country and had a
memorandum of understanding (MOU) with the authorities
in Sierra Leone. The government authorized the UAMs to
be used in-country before the study.

o The Compact-3 (manufacturer unknown) is a type of Boyles
anesthesia machine [a continuous-flow anesthesia machine with
five basic elements: (1) a high-pressure supply of gases, (2)
pressure gauges on oxygen cylinders, with pressure-reducing
valves, (3) flow meters, (4) metal and glass vaporizer bottle for
ether, and (5) a breathing system] (6). The Compact-3 was in
residence during this study although its utility was intermittent
due to frequent mechanical dysfunction.

o A Glostavent® Anaesthesia Machine (Diamedica (United
Kingdom) Limited, Grange Hill Industrial Estate, Bratton
Fleming, Barnstaple, Devon, EX31 4UH, United Kingdom) was
present but malfunctioned (oxygen concentrator and
ventilator) and was retired 3 months after the deployment of
the UAM®.

The Glostavent can also be classified as a low-resource optimized
anesthesia machine.

Patient monitoring devices used during data collection included
non-invasive blood pressure monitors, Lifebox® pulse oximeters
(Lifebox, London, United Kingdom), and electronic thermometers
with disposable slips.
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2.5 Data collection

Using anesthesia data records, research assistants documented
anesthesia-related tasks from patient preoperative arrival to
postoperative patient handoff. Surgical procedure and patient
demographic data were obtained from the operation list or anesthesia/
surgery records. Some variables such as American Society of
Anesthesiologists (ASA) clinical status scores and elective or emergent
status of the case required verbal confirmation from the
anesthesia provider.

Anesthesia-related tasks (e.g., airway management), anesthesia
technique, vital signs, and electrical and mechanical disturbances in
the operating room were recorded. Timestamps for events such as
power failures and anesthesia/surgery start and stop times were
collected. Appropriate precautions were taken to avoid distracting
providers from patient care by suspending questions during active
delivery of care and complying with operating room etiquette. In the
30-day postoperative period, data collectors ascertained the admission
status of patients using the following categories: a return to the
operating theater within the 30-day period, hospital discharge, or
death. Research nurses documented vital signs at the following
postoperative times: 1, 2, and 4h and 1, 2, and 3 days. The Wong-
Baker Faces Pain Scale was used to assess self-reported postoperative
pain scores, and the Richmond Agitation Sedation Scale was used to
determine sedation level in the initial 4-h postoperative period (7, 8).
We also reviewed operating room logbooks to determine anesthesia
caseload and technique, including those performed outside study
observation hours.

With an a-error set to 0.05, a modest treatment effect (20%
reduction in ketamine TIVA-only cases), and a true failure rate for
experimental subjects as 0.4, we needed to enroll 518 experimental
subjects and 518 control subjects (for a minimum sample size=1,036
cases) to be able to reject the null hypothesis that the failure rates for
experimental and control subjects are equal with probability (power)
of 0.9. Our sample size justification, based on an uncorrected
chi-squared test, was appropriate for this study.

Anesthesia records and follow-up data were scanned into data-
secure computers, and the information was abstracted for entry into
a FileMaker Pro database (FileMaker, Inc., Santa Clara, CA,
United States) and subsequently Microsoft Excel (Microsoft Corp.,
Redmond, WA, United States). Using STATA 12 software (StataCorp
LP, College Station, TX, United States), data analyses included
frequency distributions, chi-square test, Wilcoxon rank-sum test,
two-sample test of proportions, and linear and logistic regression to
compare and examine the relationship between variables, using a
statistical significance set at a p-value of <0.05.

3 Results and discussion

According to hospital operating room records (Table 1), 2,764
anesthetic cases were performed between June 2012 and July 2014. Of
these, 850 took place before the introduction of the UAM®, and 1,917
took place after the introduction of UAM®. Table 2 describes the
distribution of anesthesia techniques.

We reviewed all general anesthesia techniques performed in
pre-and post-UAM® study phases and, after controlling for age and
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TABLE 1 Description of anesthetic cases (Connaught Hospital operating room registry).

Characteristics? Total Pre-UAM Post-UAM Chi-square
N = 2,764 (%) N =850 (%) N =1914 (%) (df) 2 p-value

Patient demographics

Female, n (%) 839 (30.35) 281 (33.49) 558 (29.2) **(2) 6.324,0.04

Male, n (%) 1910 (69.10) 562 (66.12) 1,348 (70.4)

Age<1lyear, n (%) 150 (5.21) 38 (4.5) 112 (5.9) x* (3) 5.0233,0.17

Age>1 to <18years, n (%) 600 (21.7) 185 (21.8) 415 (21.7)

Age 18-65years, n (%) 1798 (65.1) 549 (64.6) 1,249 (65.3)

Age>65years, n (%) 216 (7.8) 78(9.2) 138 (7.2)

Surgical categories

ENT, n (%) 65 (2.35) 18 (2.1) 47 (2.5) ¥ (9) 14.2,0.116

General surgery, 1 (%) 1988 (71.9) 629 (74.0) 1,359 (71.0)

Gynecology, 1 (%) 18 (0.65) 4(0.5) 14.(0.7)

Neurosurgery, 1 (%) 37(1.34) 6(0.7) 31(1.62)

Orthopedics, n (%) 259 (9.37) 88 (10.4) 171 (8.9)

Plastic surgery/facial and reconstructive, n (%) 35(1.26) 10 (1.18) 25(1.3)

Thoracic surgery, 1 (%) 3(0.11) 0(0) 3(0.16)

Urology, n (%) 321 (11.61) 89 (10.5) 232 (12.1)

Procedure not documented, 7 (%) 38(1.37) 6(0.7) 32(1.7)

ENT, ear, nose, and throat; UAM, Universal Anaesthesia Machine.
“Categories may not add up to 100% due to undocumented cases.

surgical categories, observed a 1.6-fold increase (p=0.001, 95% CI
[1.19-2.14]) in the odds of inhalational anesthesia administration
compared to TIVA, in the post-UAM® period. This shift from TIVA
(predominantly ketamine) to inhalational anesthesia was most
demonstrable in anesthesia care for

patients undergoing

appendectomies and surgical wound management (Table 3).

3.1 Directly observed anesthesia cases

In the post-UAM® phase, we observed 870 cases of perioperative
anesthesia care (Table 4), 45.5% of all cases performed. In total, 20 of
these cases were described as emergent by local providers.

3.2 Intraoperative period

Among regional cases converted to general anesthesia (Table 4),
inhalational agents were utilized 54% of the time. Providers monitored
blood pressure in 612 (70.3%) patients, pulse oximetry in 827 (95.1%),
electrocardiography in 30 (3.5%), temperature in 23 (2.7%), and
capnography in 10 (1.15%). Blood pressure was more likely to
be measured in patients older than 18years of age, y* (2, N=3870)
p<0.001.

We observed 343 incidents of intraoperative tachycardia (heart
rate > 100 beats/min for >10min in patients >12 years). The proportion
of patients who experienced tachycardia did not differ among patients
who received inhalational anesthesia from the UAM® and those
whose anesthesia was delivered by another machine, z=1.96, p=0.05.
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The portable free-standing oxygen concentrator onsite had a
maximum delivery capacity of 5L/min and had been improvised to
connect to the Compact-3 anesthesia machine. All observations where
oxygen delivery flow rates were greater than 5L/min occurred in cases
involving the UAM® or an oxygen tank. Compressed cylinder oxygen
was unavailable for >50% of the duration of the total observational
period, and, when available, there was no reliable method to confirm
the oxygen concentration in the cylinder.

The UAM® was used to deliver inhalational anesthesia in 287
cases, and for supplemental oxygen delivery in 38 cases that did not
involve the use of inhalational anesthesia. The choice of anesthesia
machine did not affect the duration of anesthesia or surgical care
(Table 5).

We recorded 27 instances of power outages ranging from 1 min to
90min in duration. In total, 17 of these occurred during inhalational
anesthesia delivery, of which 10 were administered with the UAM®.
There were no interruptions in the latter as the UAM® immediately
reverted to room air (with inhalational anesthetic), while ventilation
in other cases was continued with an Ambu bag® (without inhalational
anesthetic). There were two occasions of reported anesthesia
equipment-related malfunction. On investigation, neither originated
from the machine. One incident was a power surge, which damaged
fuses in the UAM® as a result of surge protector removal prior to
the event.

Biomedical technicians at Connaught Hospital replaced the fuses
within hours of discovery, and the machine returned to full service. In
the second event, the oxygen monitor displayed an alarm for the
replacement of the oxygen sensor. This was initially mistaken for low
oxygen concentration readings and occurred 11.5months after the
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TABLE 2 Description of all performed anesthesia techniques (operating room registry).

Total PreUAM

n =850 (%)

Post-UAM
n =1914 (%)

n=2,764

Total general anesthesia (GA) 1,610 475 (55.9) 1,135 (59.3) —1.67 0.094
cases
Scheduled GA 1,551 445 (52.4) 1,106 (57.8) —2.64 0.008
Spinal converted to GA 49 25 (2.94) 24 (1.25) 3.11 0.002
Local converted to GA 10 5(0.59) 5(0.26) 1.32 0.186
Anesthesia agents used
Inhalational anesthesia 890 234 (27.5) 656 (34.3) —3.53 <0.001
Halothane 890 234 (27.8) 656 (34.3) —3.53 <0.001
Total intravenous anesthesia 719 240 (28.2) 479 (25.0) 1.77 0.077
Ketamine 658 225 (26.5) 433 (22.6) 222 0.026
Propofol 26 13 (1.5) 13 (0.07) 2.01 0.045
Thiopental 31 2(0.2) 29 (1.5) -3.02 0.002
Regional techniques
Spinal anesthesia 821 242 (28.5) 579 (30.3) —0.96 0.339
Local anesthesia 299 108 (12.7) 191 (10) 2.13 0.033
Anesthesia technique not 6 1(0.1) 5(0.3)
documented

A two-sample test of proportions was used. UAM, Universal Anaesthesia Machine.

installation of the machine. The manufacturer recommends replacing
the oxygen sensor after 12 months.

3.3 Postoperative outcomes and mortality

A Wilcoxon rank-sum test revealed a difference in hours 2 and 4
pain scores between TIVA and inhalational anesthesia cases (Table 6).

Linear regression showed this to be significant at only hour 4, with
pain scores lower in inhalational cases by —0.83, 95% CI [—1.37 to
0.29], p=0.003. The rate of consciousness recovery did not differ
between the two groups in hours 1, 2, or 4 postoperatively. Anesthesia
machine differences used did not demonstrate a change in
postoperative pain or level of consciousness scores at the 1-, 2-, or 4-h
monitoring times (Table 6). In total, 30-day postoperative mortality
among observed cases was 2.3% (20 patients), with a risk ratio of 1.66,
95% CI [0.7-3.9], p=0.24, compared to the pre-UAM® period.
We were unable to determine the postoperative status of 21 patients
during the study period. These were either cases that were canceled
mid-procedure or cases that we were unable to follow for the
designated follow-up period owing to the 2014 Ebola Viral
Hemorrhagic outbreak. Among inhalational anesthesia cases,
we found no relation between mortality and the type of anesthesia
machine used, ¥*(1, N=454)=0.16, p=0.691.

4 Discussion

In 2008, the World Health Organization commenced the Global
Initiative on Health Technologies to promote the design of innovative
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technologies adapted for use in resource-limited settings, among other
goals. This initiative was borne out of a recognition of the mismatch
between available health technology and health infrastructure in
many low-resource locations (9, 10). A 2011 study of medical devices
in developing countries revealed that, on average, 38.3% of medical
technologies in such locations were out of service (8). These findings
have been attributed to a lack of appropriate training and infrastructure
as well as technological mismanagement (11, 12). The oxygen sensors
continue to be a problem. More recent studies involving the UAM
aimed to examine simulation methodologies to adopt the use of the
UAM (13-15). In the case of anesthesia technology, other factors that
may be responsible for the premature retirement of devices include
unreliable electricity, absence of compressed gases, insufficient
biomedical expertise for maintenance, and ill-suited inhalational
agent vaporizers. Although three anesthesia machines were used in
varying degrees during the project, six anesthesia machines were
physically present in the operating suite areas (Table 6).

As described above, we identified a significant increase in the use
of inhalational anesthetic agents following the installation of the
UAM®. Among failed regional anesthesia cases, the proportion
converted to inhalational anesthesia relative to TIVA was significantly
higher after the UAM® was introduced into the environment, z=4.56,
p<0.001.

The routine practice prior to the UAM® often included holding
parts of the anesthesia machine together. In the absence of active
maintenance agreements with anesthesia machine manufacturers,
these machines were repaired by biomedical technicians and
anesthesia staff through improvisation and inventive use of available
materials or parts from other machines, which required securing them
together so that they do not fall apart. Other challenges included
unreliable oxygen delivery to the patient.
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TABLE 3 General anesthesia use among the 10 most common surgical cases performed (operating room registry).

Procedure Total Pre-UAM Post-UAM Odds of INH as the
performed choice of GA, pre-vs
in pre- and post UAM

ost-period
post=p Total INH,  TIVA, INH,  TIVA, p-
pre- n(%) n(%) n(%) n(%) value
UAM

Hernia repair 918 261 107 | 77(72) | 30(28) 657 289 207 82(284) 098 0.58- 0.947
(71.6) 1.65

Appendectomy 213 62 53 18(34) | 35(66) 151 112 61(545) 51(455) | 233 L12- 0.014
4.89

Laparotomy 205 62 62 30 32(51.6) 143 139 | 71(511) 68(489) @ LIl 0.59- 0.724
(48.4) 2.12

Prostatectomy 108 40 6 2(333) | 4(66.7) 68 0 0 0 NA NA NA

Wound 103 24 18 2(111) | 16(88.9) 79 64 | 25(39.1) | 39(609)  5.13 1.04- 0.026

debridement/ 48.99

exploration

Lumpectomy 87 45 29 12 17 (58.6) 42 26 13(50.0) | 13(50.0) = 142 | 043-47 |  0.522

(41.4)
Amputation 81 26 6 2(333)  4(66.7) 55 12 5(417) | 7(58.3) 1.43 0.13- 0.732
21.41

Urethral 80 15 15 1(67)  14(93.3) 65 57 4(7.0) | 53(93.0)  1.06 0.09- 0.962

calibration 55.7

Urethral repair 78 21 5 1(20) 4(80) 57 8 6(75.0) | 2(25.0) 12 0.54- 0.053

686.48

Hydrocelectomy 76 25 10 4 (40) 6(60) 51 19 14(73.7)  5(26.3) 42 0.64- 0.076

28.96

GA, general anesthesia; INH, inhalational anesthesia; TIVA, total intravenous anesthesia; OR, odds ratio; CI, confidence interval; NA, not available.

While power outages are relatively rare events, when they occur, main power supply. This safety feature is critical to monitoring
then there is an increased risk to patients and barriers to the safe use inspired oxygen content, especially during simultaneous power
of anesthesia. These events can be stressful and challenging, potentially outages and compressed oxygen shortages.
leading to avoidance of the use of general anesthesia. With a system —a low-pressure vaporizer: It enables continued inhalational
specifically designed for use in constrained environments, the UAM® anesthesia delivery during the simultaneous absence of
allows for more consistently reliable delivery of general anesthesia and compressed oxygen and electricity. In these events, the UAM®
possibly more comfort for providers to utilize general anesthesia in reverts to room air draw-over anesthetic mode, sustaining the
these challenging environments. patient at 21% oxygen. There were 10 incidents of power outages

During the study period, the facility experienced a number of during inhalational anesthesia delivery with the UAM®.
unforeseen challenges that had adverse effects on surgical productivity. —a halothane vaporizer: Although halothane has been largely
These events included shortages of inhalational anesthetics, periodic replaced by isoflurane in high-income countries because of related
interruptions to compressed oxygen production and availability, side effects, it is still widely used in many African nations owing
autoclave breakdowns, and a shutdown of the operating room as a to its low cost (16, 17). The UAM® is outfitted with two detachable
result of flooding from extreme weather. Although power outages vaporizers: one each for halothane and isoflurane. Halothane and
were frequent, these were mitigated by the presence of a functional ether were the only available inhalational anesthetics.
generator. Some of these impediments to surgical delivery could not — a one-way valve system: It prevents rebreathing and provides
be ameliorated by the UAM®, whereas some were specifically unidirectional gas flow. In this environment, CO,-absorbing
overcome by qualities of the UAM®. These include: granules are often not available or replaced. End-tidal CO,

(ETCO,) levels are not routinely measured, and hypercapnia may

— efficient oxygen concentrator: able to administer 10 L/min of 95% go undiagnosed with rebreathing systems. Although two
oxygen, advantageous during the study period as compressed capnography monitors were available in the operating suites,
oxygen was unavailable >50% of the time. ETCO, was rarely monitored as described in the Results section.

— an oxygen analyzer: reliably measures the percentage of oxygen The manufacturer recommends the use of passive scavenging of
available to the patient by the oxygen concentrator. Before the exhaust gases from the system. We did not observe adherence to
study, we had been unable to confirm the concentration of these guidelines. Reasons for not using capnography included its
oxygen in cylinders because the hospital lacked an oxygen unavailability in Sierra Leone at the time, the fact that
analyzer. This monitor is powered by a trickle charge from the capnography was not part of the UAM monitoring package, and,
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TABLE 4 Anesthesia cases/techniques performed on directly observed cases (directly observed by the team).

Anesthesia cases Total Pre-UAM Post-UAM
n=1374 n =504 (%) n =870 (%)
ASA classification
ASAT 867 340 (67.5) 527 (60.6)
ASATI 405 131 (26) 274 (31.5)
ASA III 31 10 (2.0) 21 (2.4)
ASA TV 2 2(0.4) 0(0)
ASA unknown 69 21(4.2) 48 (5.5)
Anesthesia technique
General anesthesia® 845 287 (56.9) 558 (64.1)
Inhalational 676 205 (40.7) 471 (54.1)
TIVA 169 82(16.3) 87 (10)
Regional anesthesia 493 193 (38.3) 310 (35.6)
Spinal 364 138 (27.4) 226 (26)
Local 127 55(10.9) 84(9.7)
Monitored anesthesia care 25 24 (4.8) 1(0.1)
Intraoperative change in anesthesia technique 76 29 (5.8) 47 (5.4)
Regional converted to general anesthesia 71 28 (5.6) 43 (4.9)
Airway management
Endotracheal intubation 391 112 (22.2) 279 (32.1)
Laryngeal mask airway 28 11(2.2) 17 (2.0)
Oropharyngeal airway +/— facemask 297 117 (23.2) 180 (20.7)
Facemask 387 212 (42.1) 175 (20.1)
None 378 159 (31.5) 219 (25.2)

ASA, American Society of Anesthesiologists; TIVA, total intravenous anesthesia; UAM, Universal Anaesthesia Machine.

“Includes regional anesthesia cases converted to general anesthesia.

even when capnography monitors were introduced, the nurse
anesthetists did not adopt its use because they were never
formally trained in it, and the leadership was reluctant due to not
having a good knowledge base for using it.

4.1 Implications

Among all cases, we identified an increase in the proportion of
general anesthetics performed, with the greater percentage being
inhalational anesthesia, rather than ketamine TIVA. In debrief
interviews, anesthesia providers described the UAM® as “simple.”
“convenient,” and “straightforward.” Multiple users recommended the
inclusion of an automated ventilator mode to ease the workload of
manual ventilation during long cases. Subsequent UAM® models
designed since the conclusion of the study include a mechanical ventilator.

4.2 Perioperative outcomes

We did not detect a difference in the occurrence of adverse events
between UAM® and non-UAM® cases. With respect to postoperative
pain, we identified a slight decrease in pain scores at hour 4 among
inhalational cases compared to TIVA. There were no differences in
analgesic administration. This fact is noteworthy; as halothane has
minimal to no analgesic properties, it was often co-administered with
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boluses of intravenous anesthetics or narcotic analgesics, especially
during anesthetic induction. Such co-administration occurred in 342
cases. It is possible that more reliable depth of anesthesia and quality
general anesthesia may have led to less noxious stimulation during
the surgery and may have led to pre-emptive analgesia, and thus
difference in pain scores.

4.3 Limitations

While the training program can be viewed as a confounding and
contributing factor in the outcome of the study, from its inception, the
study design made a priori assumptions that training on clinical use
and maintenance were essential elements to the acceptance and use of
the UAM in common clinical practice. The training program does not
overcome the obstacles of oxygen availability, stable electricity, and
maintenance ease. However, it would be unethical to deploy novel
technology in the absence of relevant training.

5 Conclusion

Anesthesia  technologies tailored to overcome austere
environmental conditions have the ability to deliver safe anesthesia
care while maintaining fidelity to recommended international

anesthesia practice standards. In this study, we observed the in situ use
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TABLE 5 Perioperative care duration (minutes) among inhalational anesthesia cases administered by UAM and non-UAM machines.

Inhalational UAM

Inhalational non-UAM

Cl SD Cl
Anesthesia 61.6 36.4 57.4-65.9 59.4 39.4 53.7-65.2 466 —0.62 0.53
duration®
Anesthesia care 71 393 66.4-75.6 68.4 41 62.4-74.4 466 —0.68 0.49
duration®
Emergence time® 10.2 11.5 8.8-11.5 10.4 11.5 8.7-12.03 466 0.16 0.87
Surgery duration® 41.3 30.7 37.7-44.9 38.3 29.5 34.02-42.7 466 —1.03 0.31

UAM, Universal Anaesthesia Machine; M, mean; SD, standard deviation; CI, confidence interval; df, degrees of freedom.

“Anesthesia duration: commencement of induction to completion of surgery (wound dressing applied).

"Anesthesia care duration: Time from first contact with the patient to time when the patient is handed off for transfer to the ward or immediate postoperative discharge.
‘Emergence time: Time from surgery end to when the patient is handed off for transfer to the ward or immediate postoperative discharge.

4Surgery time: Time from incision to wound dressing application or surgeon communicates completion.

TABLE 6 Pain and level of consciousness scores among inhalational cases (by type of anesthesia machine) and general anesthesia cases 1-4 h
postoperatively.

Postoperative Type of N Mean Wilcoxon rank- N Mean Wilcoxon rank-

time anesthesia sum test sum test
machine

V4 p-value V4 p-value

Postoperative pain

1h Non-UAM 110 0.77 0.28 0.78 Inhalational 304 0.79 0.94 0.35
UAM 194 0.8 TIVA 65 0.85

2h Non-UAM 108 1.45 043 0.67 Inhalational 289 14 2.06 0.039
UAM 181 1.37 TIVA 65 1.92

4h Non-UAM 71 2.45 —0.87 0.38 Inhalational 198 2.58 2.76 0.006
UAM 127 2.65 TIVA 51 3.41

Level of consciousness

1h Non-UAM 143 —0.53 0.20 0.84 Inhalational 366 —0.56 0.16 0.87
UAM 223 -0.56 TIVA 71 —0.07

2h Non-UAM 135 -0.27 0.26 0.79 Inhalational 342 -0.29 —0.11 0.91
UAM 207 -0.30 TIVA 71 —-0.35

4h Non-UAM 94 —0.03 —-0.23 0.82 Inhalational 256 —0.02 —1.24 0.22
UAM 162 —0.01 TIVA 52 —0.12

UAM, Universal Anaesthesia Machine; GA, general anesthesia; TIVA, total intravenous anesthesia.

of a low-resource optimized anesthesia machine, the Universal
Anaesthesia Machine. In an environment with multiple unfavorable
conditions, we were able to determine that the UAM® provided
efficient and reliable anesthetic delivery without adverse outcomes.
Since UAM® introduction at Connaught Hospital, a shift in ketamine-
TIVA anesthetic administration to inhalational general anesthesia was
observed. While there is no basis for identifying one anesthetic
technique as superior to another, there are advantages to having
options for different types of anesthesia for different types of cases and
different types of patients.

The UAM® functioned without any significant mechanical
problems and provided a reliable source of oxygen via the
concentrator with an oxygen sensor/monitor to ensure adequate
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oxygen delivery during surgery. The use of devices that are designed
to function in challenging austere environments, require minimal
maintenance, and utilize local sources of replacement parts,
combined with training of providers and technicians, should
theoretically provide reliable, safe, and efficient care in these settings.
Currently, there are two UAMSs at Connaught that are frequently
used. The maintenance team has been able to fix any problems that
arise. Capnography is also being used. Pursuant to the 2015 World
Health Assembly’s Resolution on Surgery and Anesthesia Care (3), it
is imperative to examine the technological resources available to
perioperative providers working in constrained conditions and strive
to engineer appropriate technology for safe perioperative care in
their environments.
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Diaphragm dysfunction (DD) can be classified as mild, resulting in diaphragmatic
weakness, or severe, resulting in diaphragmatic paralysis. Various factors such
as prolonged mechanical ventilation, surgical trauma, and inflammation can
cause diaphragmatic injury, leading to negative outcomes for patients, including
extended bed rest and increased risk of pulmonary complications. Therefore, itis
crucial to protect and monitor diaphragmatic function. Impaired diaphragmatic
function directly impacts ventilation, as the diaphragm is the primary muscle
involved in inhalation. Even unilateral DD can cause ventilation abnormalities,
which in turn lead to impaired gas exchange, this makes weaning from
mechanical ventilation challenging and contributes to a higher incidence of
ventilator-induced diaphragm dysfunction and prolonged ICU stays. However,
there is insufficient research on DD in non-ICU patients, and DD can occur
in all phases of the perioperative period. Furthermore, the current literature
lacks standardized ultrasound indicators and diagnostic criteria for assessing
diaphragmatic dysfunction. As a result, the full potential of diaphragmatic
ultrasound parameters in quickly and accurately assessing diaphragmatic
function and guiding diagnostic and therapeutic decisions has not been realized.

KEYWORDS

diaphragm, diaphragm dysfunction, ultrasound, ultrasound indicators, ultrasound
application, perioperative period, non-critically ill patients

Introduction

The diaphragm is a thin, dome-shaped muscle that separates the thoracic and abdominal
cavities (Figure 1). In a healthy adult, it is only 2-3 millimeters thick. Despite its small size, it
is responsible for 60-80% of ventilation needs (1, 2). The diaphragm plays a crucial role in the
respiratory muscle pump, aiding in coughing and the expulsion of secretions (3). It also
reduces the risk of lung infections. Both mechanical ventilation and damage to the phrenic
nerve can lead to diaphragmatic dysfunction (DD), characterized by an imbalance between
the diaphragm’s ability to provide enough negative pressure for vital capacity and the workload
imposed upon it. DD during mechanical ventilation (MV) is recognized as an important factor
influencing clinical outcomes (4-9), and prolonged mechanical ventilation can result in
decreased diaphragm thickness.
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FIGURE 1
Location and morphology of the diaphragm.

Studies have shown that for every 10% reduction in diaphragm
thickness (DT) in critically ill patients, intensive care unit (ICU)
mortality and hospitalization rates increase by 1.55- and 1.66-fold,
respectively (10-12). More than 10 million patients worldwide require
MV therapy each year, with approximately 30% of these patients
needing extended ventilator use (13). Wasting atrophy of the diaphragm
is a contributing factor to respiratory failure, and it is important to note
that clinical symptoms may not occur until one’s diaphragmatic strength
has decreased to 30% of its capacity (14). Early detection of DD is
crucial, as early intervention can improve symptoms (15-17). However,
there has been a gradual increase in the number of studies on
non-critical patients in recent years, this suggests that diaphragmatic
dysfunction is also common among perioperative non-critical patients.
Therefore, the objective of this review was to analyze and summarize the
indicators and criteria for ultrasound assessment of DD in non-critical
patients. To achieve this, databases such as PubMed and Web of Science
were searched with the aim of providing a reliable basis for clinical use.

Currently, there is no uniformity in the selection of ultrasound
indicators and thresholds for diaphragmatic dysfunction, although
there is an international expert consensus that a diaphragmatic
excursion (DE) of less than 2cm is the criterion for diagnosing
diaphragmatic dysfunction (18), no article has been found to use this
criterion. As a result, the main problem faced by clinicians is the lack
of standardized criteria, while ultrasound is the preferred diagnostic
tool for diaphragm dysfunction, a wide range of indicators and
thresholds are summarized in the literature, which significantly affects
clinicians’ judgment and delays early intervention.

Ultrasound evaluation of
diaphragmatic dysfunction

The gold standard for the diagnosis of diaphragmatic dysfunction is
phrenic nerve stimulation and transdiaphragmatic pressure assessment
(7, 19), however, these methods are invasive and not clinically applicable
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(20). In recent years, ultrasound has become a widely-used noninvasive
technology (21), it allows noninvasive, reproducible, and safe assessment
of the diaphragm’s anatomy and function (22-26). Two commonly used
ultrasound modes are B-Mode and M-Mode (27, 28), and the key
indicators of diaphragm function assessed by ultrasound include DE,
diaphragm thickening fraction (DTF), and DT.

Measurements of DT and DTF require the use of a high-frequency
linear ultrasound transducer (3-12 MHz). The patient should be in a
semi-recumbent position, and the probe should be placed in the
midaxillary line at ribs 8-10, perpendicular to the intercostal space. In
B-Mode, the diaphragm can be visualized as a three-layered structure,
with the upper hyperechoic layer being the pleura, the lower layer being
the peritoneum, and the middle layer being the diaphragm (29)
(Figures 2A,B). In contrast, DE measurements are performed using a
low-frequency abdominal convex probe (3-5MHz), the patient should
be positioned at a 45-degree semi-recumbent angle, and the ultrasound
probe should be placed parallel to the right costal margin at the right
midclavicular line, using the transverse section of the liver as an acoustic
window. Alternatively, the probe can be placed perpendicular to the
costal margin to obtain a longitudinal section of the liver (Figures 2C,D).
It is also possible to obtain diaphragm images at different interfaces using
liver vessels as markers, however, this method is not commonly used
(Figure 3). In B-Mode, the high echo shadow covering the liver surface
represents the diaphragm, switching to M-Mode allows for the
observation of the diaphragm waveform synchronized with the
respiratory cycle (Figure 4B). On the left side, the probe is placed at the
8-10th rib along the midaxillary line, parallel to the intercostal spaces,
the other methods are the same as for the right side (Figure 4A) (29).
Ultimately, ultrasound is clinically reproducible (32) and has become an
essential tool for most clinicians, its overall measurement failure rate has
decreased from 27% a decade ago to 0.7% today, demonstrating the
effectiveness of ultrasound technology (33).

Table 1 provides a comparison of the materials and methods used
for assessing diaphragmatic dysfunction across the literature.
Diaphragmatic ultrasound is widely used to assess diaphragmatic
dysfunction in various medical conditions, including neuromuscular
diseases (46, 47), chronic respiratory diseases, and conditions
requiring intensive care (18, 21, 48), it helps clinicians diagnose and
monitor conditions such as diaphragmatic paralysis or weakness.
Additionally, diaphragmatic dysfunction can significantly impact
weaning outcomes, thus, ultrasound can provide essential insights to
predict the success of extubation (40, 49, 50). Ultrasound can also
be used to counsel patients with respiratory failure in making
decisions about the necessity and potential success of noninvasive
ventilation (51). Additionally, it plays a crucial role in enhancing the
understanding of ventilator management among patients with
coronavirus 2019 disease (52).

In anesthesiology, diaphragm ultrasound helps determine the
residual muscle relaxation in patients under general anesthesia,
addressing the complexities and interferences associated with the gold
standard train-of-four ratio procedure (53), it is possible to predict
and prevent postoperative pulmonary complications in surgical
patients, including those undergoing heart surgery, thoracic surgery,
and upper abdominal surgery (34, 54-58). In rehabilitation medicine,
diaphragm thickness is positively correlated with patients’ functional
scores and functional independence scores before and after
rehabilitation, suggesting that diaphragm thickness can influence
patients’ rehabilitation progress (59). Overall, diaphragm ultrasound
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(diaphragm excursion during deep breathing)

DEDB: .

FIGURE 2

The measurement of diaphragmatic thickness and excursion. (A) A 10-15 MHz probe was placed at the zone of apposition. (B) The non-echogenic
layer between the yellow markers indicates the thickness of the diaphragm at the end of expiration and inspiration. (C) A 2—5MHz curved-array probe
was placed under the costal margin. (D) The bright line indicates diaphragmatic excursion during deep breathing. DTEE, diaphragm thickness at end-
expiratory; DTEI, diaphragm thickness at end-inspiration; DEDB, diaphragmatic excursion during deep breathing (30)

“pleural line DT‘EI

has become a valuable tool in routine clinical practice, particularly for
assessing diaphragmatic function in various medical conditions.

Perioperative ultrasound assessment
of diaphragmatic dysfunction

Preoperative assessment of DD

Ultrasound is often used in clinical trials in patients undergoing
elective surgery, normal healthy people, and critically ill patients (32,
48, 55). Notably, patients with bilateral DD experience a significant
75% reduction in forced vital capacity (FVC) (60), it can also lead to
impaired lung ventilation, resulting in pneumonia or atelectasis (61-
63). Therefore, preoperative DD not only affects a patient’s quality of

Frontiers in Medicine

life but also impacts their prognosis and survival after surgery. Huh
et al. demonstrated a significant association between preoperative DD
and prolonged postoperative mechanical ventilation in lung
transplantation patients using a DE measurement of <1 cm (odds ratio
[OR]: 2.79, p<0.05). Additionally, patients with preoperative DD had
a 15% probability of developing persistent DD 1 year after surgery (64).

Tension pneumoperitoneum is a known cause of DD, and a case
report series assisted surgeons in identifying the cause of postoperative
respiratory failure in patients by using an ultrasound measurement of
diaphragm thickness ratio(diaphragm thickness of maximal
inspiration/that of end-expiration)<1.2 (65), despite diaphragm
thickness ratio normalization after 10days, delayed diagnosis
negatively impacts the patients prognosis, and DD in patients
undergoing cardiac surgery is one of the most overlooked
complications (66). A maximum preoperative DTF <38.1% is
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FIGURE 3

the right kidney and hepatorenal space as anatomical markers (31)

(A) Section I: Oblique section of the lower right costal arch through the second hepatic portal with the left hepatic vein (LHV), middle hepatic vein
(MHV), and right hepatic vein (RHV) as anatomical markers. (B) Section II: Oblique section of the right intercostal passage through the first hepatic
portal with the inferior vena cava, hepatic vein, and gallbladder as anatomical markers. (C) Section IlI: Sagittal section of the liver and right kidney with

NI ML

Cc

Liver

119 m
110 cm
0.91cm

128m

Ledadodald ol dalododadolododododadolalaola
Sec:1

FIGURE 4

respiratory cycle

Evaluation of the diaphragm using ultrasound. (A) Left measurement of diaphragmatic excursion measured with the spleen as the acoustic window.
(B) Right diaphragmatic excursion measured using the liver as an acoustic window. The total length of A is the diaphragmatic excursion for one
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associated with pulmonary complications after cardiac surgery (OR:
4.29 p=0.02) (54), and preoperative respiratory muscle training
reduces the incidence of postoperative pulmonary complications by
50% (67), this reduction occurs because the clinical presentation of
DD varies from asymptomatic in mild cases to requiring prolonged
mechanical ventilation or even death in severe cases (68, 69). Thus,
ultrasonography can be used to detect abnormal diaphragmatic
function early and prompt clinicians to intervene. Overall, there is a
lack of studies on preoperative DD, nevertheless, the relevance of
assessing diaphragmatic function preoperatively for postoperative
prognosis is worth exploring.

Preoperative DD not only has negative effects on early clinical
outcomes but also jeopardizes long-term lung function, resulting in
negative outcomes such as reduced total lung volume and functional
capacity, even in patients who undergo successful surgery. Therefore,
patients diagnosed with DD preoperatively require individualized
surgical plans and intraoperative management from surgeons and
anesthesiologists, this may include preoperative monitoring of
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respiratory function, X-rays, and exertion spirometry assessment (70—
72), these preparations can help reduce postoperative complications
in patients.

Intraoperative assessment of DD

Diagnosis of intraoperative DD by ultrasound is challenging due
to the position and location of surgery and the requirement for muscle
relaxants in patients under general anesthesia. As a result,
intraoperative studies have primarily focused on patients undergoing
shoulder surgery who have received brachial plexus blocks, these
blocks involve sensory numbing of the fourth and fifth cervical nerves,
while Cervical 3 to Cervical 5 (C3-C5) MV blocks can cause varying
degrees of diaphragmatic paralysis (73, 74). Consequently, the most
common complication of brachial plexus blocks is ipsilateral
diaphragmatic paralysis from phrenic nerve blocks. The reported
hemidiaphragmatic paralysis after

incidence of ipsilateral
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TABLE 1 US assessment of diaphragmatic dysfunction in the literature.

Cut-off values Probe Patient position Measurement position References
Diaphragm DE <10mm 3.5-5-MHz convex ultrasound probe | Resting tidal breathing patients lying in the Right: placed between the midclavicular and anterior axillary (34)
excursion (DE) semirecumbent position lines
Left: between the anterior and midaxillary lines
Excursion <10 mm or negative 3.5-MHz US probe Patients in the supine position Right: right anterior axillary line 9)
Left: left midaxillary line
DE <10 mm 3.5-MHz transducer Semirecumbent position at 45° NA (35)
DE <20 mm 2-5MHz NA Probe aligned to the top of the diaphragm; placement not (18)
agreed upon
Right: 2D-Mode < 10 mm or 3.5-MHz US probe The patient was supine with 30° head-of-bed Between the eighth and ninth ribs, on the midaxillary line (36)
M-Mode <11 mm elevation
Left: M-Mode <11 mm
DE <1 cm or diaphragmatic motion 2.5-3.5-MHz phased-array transducer | Bedside with the patient in a semirecumbent Right: between the midclavicular and anterior axillary lines. (37)
=0cm position at 45° Left: between the anterior and mid axillary lines
DE <lcm 2.5-3.5MHz phased-array transducer = Bedside with the patient in a 45° semi- Midaxillary line (38)
recumbent position
Greater than 75% reduction in 4-MHz curvilinear transducer Patient in a semi-sitting position with the Right anterior axillary and midclavicular lines (39)
diaphragmatic excursion in the VS head elevated by approximately 30°
test
Men: DE <l cm 2.5-3.5MHz Standing position Right: between the midclavicular and anterior axillary lines. (32)
‘Women: DE <0.9cm Left: between the anterior and mid axillary lines
DE <1cm 4-MHz linear probe NA NA (40)
Diaphragm thickness | DTF <30% Linear probe (6-13 MHz) Semi-recumbent position (head raised by 40°) | Right midaxillary line (41)
(DT) Thickness reduction >10% from 7-12MHz NA Midaxillary line or slightly ventral, approximately between (18)
Diaphragm thickness | p,eline the 8-11th ribs
fraction (DTF)
DTF <20% 7.5-10 MHz probe Semi-recumbent position Between the 8-10th intercostal ribs (42)
DT-exp <2mm 9.0-MHz probe NA In line with the right intercostal space between the (43)
anteroaxillary and midaxillary lines
DT <20% 7.5-10.0-MHz transducer Standing position The eight and nine intercostal spaces in the right midaxillary (44)
line
DTF<30% 10-MHz linear probe NA NA (40)
DTF <20% Linear-array probe (5-10 MHz) NA In the right 8th or 9th intercostal space (45)

DTE Diaphragm thickness fraction = (inspiratory thickness — expiratory thickness)/ expiratory thickness x 100; DE, diaphragm excursion; DT-exp, Diaphragmic thickness during static inspiratory or expiratory phases, corresponding to functional residual air volume;

NA, Not mentioned in the literature; VS, voluntary sniff.
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supraclavicular brachial plexus nerve block ranges from 67 to 80% (75,
76), with a much higher incidence when using the interosseous groove
approach, especially if a high volume injection of 20 mL is used (74).
This higher incidence could be attributed to the closer proximity of
the block site to the cervical plexus, while reducing the concentration
or dose of local anesthetic can lower the incidence of diaphragmatic
paralysis, it comes at the expense of diminished analgesia (77).
Therefore, it is important to explore how to find a critical value that
achieves satisfactory pain relief while avoiding diaphragmatic
paralysis. Notably, a decrease in DE of more than 75% indicates
complete paralysis of the diaphragm (39), thus, utilizing ultrasound
to assess diaphragmatic function in patients undergoing shoulder
surgery with brachial plexus nerve block allows for early detection of
the risk of diaphragmatic paralysis, which in turn enables appropriate
measures to be taken, such as endotracheal intubation under general
anesthesia, to prevent intraoperative respiratory distress.

Postoperative assessment of DD

In 1993, Fratacci et al. demonstrated that thoracotomy and
lobectomy severely affect the active contraction of the diaphragm,
leading to diaphragmatic depression (78), diaphragmatic contraction
was markedly attenuated only 2 h after thoracic surgery (79). However,
due to the limitations of the conditions at the time, only rough
conclusions could be drawn. The definition of DD was further refined
by the introduction of ultrasound in 2010, it was reported that
operatively measured DE was significantly reduced compared with
nonoperative measurements, highlighting the need to use ultrasound
in the perioperative period to avoid errors in whole-body pulmonary
function assessments (80). In an experiment of continuous diaphragm
ultrasound assessment in 107 mechanically ventilated patients, 47
(44%) patients had a decrease in diaphragm thickness of more than
10%, 13 (12%) had an increase in diaphragm thickness of more than
10%, and 47 (44%) had no change in diaphragm thickness during the
first week of mechanical ventilation (81). Although there was no
significant difference in the results among these three groups, this
study showed that ultrasonography could be used to monitor changes
in the diaphragm during mechanical ventilation. Moreover, the
indisputable value of dynamic diaphragm assessment through
ultrasound has been further highlighted by subsequent studies.

Spadaro et al. demonstrated that the incidence of DD was higher
in patients undergoing both video-assisted thoracoscopic surgery
(VATS) and open thoracic surgery at a DE <10 mm (34); however, the
incidence of VATS was slightly lower than that of open thoracic
surgery, which is in accordance with the less invasive and better
recovery characteristics of VATS. Importantly, this study demonstrated
a correlation between postoperative pulmonary complications and
DD at 24h postoperatively (OR: 5.5, p=0.002). In contrast, Daniel
et al. compensated for Spadaro et al’s shorter monitoring duration by
using ultrasound to measure DE and DTF in patients undergoing
thoracic surgery, their study included preoperative, post-extubation,
and three-day postoperative assessments. They observed a significant
decrease in DE following surgical interventions, both post-extubation
and at the three-day mark after surgery, at 3 days, there was also a
significant decrease in DTF following a similar time course. However,
DE was easier to assess and more reproducible than DTFE, making it
more suitable for perioperative assessment of diaphragmatic

Frontiers in Medicine

10.3389/fmed.2024.1389040

dysfunction. Additionally, persistent diaphragmatic dysfunction was
associated with an increased risk of pulmonary infections (OR: 9.0,
p=0.001), this finding is consistent with the results obtained by
Spadaro etal. (82), who demonstrated that 68% of patients experienced
immediate post-extubation diaphragmatic dysfunction. Spadaro et al.
also reported an incidence of 68% (34) for diaphragmatic dysfunction
at 3 days postoperatively, which suggests that diaphragmatic
dysfunction is self-recovering but takes some time. Furthermore, the
occurrence of postoperative diaphragmatic dysfunction lasting at least
3 days is related to the duration of hospitalization. However, the exact
duration of postoperative diaphragmatic dysfunction has not yet been
definitively determined.

In a study of cardiac surgery, Tralhdo et al. extended the monitoring
time to the fifth postoperative day and found that DE and DTF
decreased on the first postoperative day but returned to preoperative
levels by the fifth day (38). This suggests that diaphragm dysfunction
occurs at a high incidence in cardiothoracic surgery. Additionally,
postoperative diaphragmatic dysfunction in patients undergoing
lobectomy leads to a decrease in static balance, thereby affecting the
patients daily life (83). Nevertheless, ultrasound can be used to
continuously monitor diaphragm function and dynamically observe
diaphragm recovery in the postoperative period, this can improve the
predictive value of adverse outcomes in postoperative patients.

The incidence of DD after cardiac surgery is as high as 38% (56,
66), and persistent DD occurs in 8% of patients (57). When it occurs,
it can lead to serious complications, and the incidence of postoperative
DD in patients with congenital heart disease is 6.3% (84). Moury et al.
found a 20% probability of a 20% reduction in the thickness of DTF
at the 75% probability threshold by employing continuous
ultrasonographic monitoring of DTF at pre-, mid-, and post-
spontaneous breathing trial (SBT) time points (42). Despite the
association between thickness reduction and prolonged hospital stay,
the authors did not investigate to what extent such reductions
constitute DD. Given the high incidence of thickness reduction in the
postoperative period, further exploration of this question is warranted.

When DE <1cm was used as a diagnostic criterion for DD, the
incidence of bilateral DD and unilateral DD persisting until 3 days
postoperatively was 36 and 12%, respectively (38). In a study by
Laghlam et al., persistent DD after cardiac surgery was investigated
(57), DD was defined as DE <9 mm in women and DE <10 mm in men
for calm breathing, and DE <16 mm in women and DE <18 mm in
men during sniffing breaths, the incidence of DD remaining on
postoperative day 7 in the presence of spontaneous breathing was
found to be 8% (10/122). Although there was a decrease in DE
compared to patients without DD, no preoperative risk factors were
identified for persistent postoperative DD.

Persistent DD can severely impair respiratory function in the
postoperative period, leading to an increased frequency of
pneumonia and reintubation. However, it is noteworthy that Tralhdo
et al. (38) reported a different trajectory, with DE returning to
preoperative levels within 5days postoperatively. Possible
explanations for this discrepancy include the small sample size and
relatively low age of the population studied by Tralhdo et al., as well
as the absence of prevalent neocoronary pneumonia at the time of
their study. In addition, Pasero et al. found that 21 and 25% of
patients had persistent diaphragmatic dysfunction on the right and
left sides using a threshold of DTF <30% (85). Meanwhile, the
incidence at DSBT was as high as 38% when DTF <20% was utilized
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as the threshold (66). This discrepancy is significant compared to the
75% incidence reported by Moury et al. Several factors may explain
this difference: (1) patients in the study by Moury et al. had a longer
extracorporeal circulation time, which is strongly correlated with
diaphragmatic dysfunction; (2) the prevalence of preoperative DD
was 11% in their study, which is higher than the 7% reported by
Pasero et al.; and (3) there were inconsistencies in the criteria used
for diagnosing DD. Therefore, despite the relatively low incidence of
persistent DD after cardiac surgery, it still has a significant impact on
patient prognosis and necessitates the use of ultrasound-
assisted monitoring.

Diaphragmatic ultrasound was described for the first time in the
context of the recovery period after cardiac surgery. It was determined
that ultrasound can be utilized as part of clinical practice for initial
postoperative rehabilitation and follow-up assessment (86). While
diagnostic criteria such as DE, TE, and DTF have yielded inconsistent
clinical outcomes in assessing DD, DE is the preferred index for most
investigators due to its high reproducibility and accuracy. Nevertheless,
there is still a lack of large sample size multicenter studies to further
validate the clinical applicability of each index.

Postoperative diaphragmatic dysfunction was diagnosed
according to an ultrasound diaphragm thickness ratio < 1.2 in a patient
who underwent gastrointestinal endoscopic surgery (65), this is a rare
that
hyperextension is one of the causes of DD. Notably, cholecystectomy

occurrence and suggests flatulence after abdominal
leads to diaphragmatic damage (87); however, this damage typically
resolves within 24 h (88). However, Benhamou et al. concluded that
abdominal pneumoperitoneum does not impair diaphragm function
after laparoscopy (89). Nevertheless, there remains a dearth of reports
elucidating the threshold for DD induced by laparoscopy and the
timeframe course for the diaphragm for diaphragmatic recovery to

baseline. Given the widespread adoption of laparoscopy for minimally

10.3389/fmed.2024.1389040

invasive upper abdominal surgery, understanding these dynamics is
crucial. Furthermore, postoperative DE decreases after upper
abdominal surgery, leading to a shift from predominantly abdominal
to predominantly ribcage respiration. This alteration can predispose
postoperative patients to pulmonary complications such as atelectasis
and hypoxemia (90). Hence, incorporating ultrasound evaluation into
postoperative care protocols for upper abdominal surgery
is imperative.

A study by Crothers et al. followed up lung transplant patients and
found that the prevalence of diaphragmatic dysfunction decreased
from 66 to 22% at 3 months postoperatively (91), this suggests that
diaphragmatic dysfunction may still be present in the months
following surgery; however, the prevalence decreases over time.
Similar results have been observed in children (92). Ultimately, early
evaluation and treatment of diaphragmatic dysfunction can improve
patient prognoses.

Ultrasound assessment of
diaphragmatic dysfunction in
nonsurgical patients

There are few studies related to ultrasound in nonsurgical patients,
such as outpatients with chronic obstructive pulmonary disease
(COPD) and interstitial lung disease (ILD). However, evidence
suggests that ultrasound monitoring of diaphragm function is useful
in assessing a range of lung diseases (48, 93). In patients with COPD,
lung hyperinflation causes the diaphragm to shift caudally, negatively
affecting its function (94). The clinical presentation of COPD patients
is shown in Figure 5. In the past, the assessment of patients with
COPD mainly involved using the 6-min walking test and FEV1/FVC
evaluation (forced expiratory volume in the first second/forced vital
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capacity). In recent years, ultrasound has also played an important role
in analyzing patients with COPD, and DE is an essential indicator of
decreased exercise tolerance and dyspnea, which are related to lung
function and respiratory muscle strength (96, 97). The lower normal
limit value of DE in healthy subjects is 3.3 cm for men and 3.2 cm for
women during deep breathing (98). This corresponds to the fact that
diaphragmatic mobility is greater in men than in women. However,
the diagnostic threshold for DD is significantly higher than that used
in most clinical trials.

The occurrence of DD in COPD leads to a significant decrease in
DTE TE and DE (99). Notably, ultrasound monitoring of the
diaphragm, both in outpatients and hospitalized COPD patients, can
effectively assess the disease status of patients (100-105). Moreover,
early detection of diaphragmatic dysfunction can help in formulating
relevant strategies to reduce the occurrence of adverse clinical
outcomes. However, the lack of uniformity in the ultrasound criteria
for diagnosing DD will result in a much higher rate of leakage and
misdiagnosis. Additionally, a large number of sample sizes and
experiments are needed to further validate the accuracy of the
diagnostic criteria.

Bernardinello et al. conducted TF ultrasound measurements on
outpatients with ILD for several months, they found that a TF <30%
was the diagnostic criterion for DD. Of the 82 ILD patients followed
up, 24 experienced DD, resulting in an incidence rate of 29%.
Furthermore, DD was more likely to occur in patients with connective
tissue disease (CTD-ILD) than in healthy subjects. In their study, TF
<30% was found to be an independent predictor of moderate/severe
dyspnea (OR: 3.8, p=0.009 and OR: 6.3, p=0.021, respectively) (41).
On the other hand, idiopathic pulmonary fibrosis (IPF) patients did
not exhibit similar results, this led to the conclusion that CTD-ILD, a
systemic disease that may decrease muscle strength, is different from
IPE, a chronic lung disease in which muscle strength is better
maintained. These findings are in line with previous research (106).
Additionally, CTD-ILD patients who developed DD were more likely
to experience severe dyspnea. Therefore, identifying risk factors for
DD in CTD-ILD patients could help prevent poor clinical outcomes.
Meanwhile, another study by Santana et al. demonstrated that DE
correlates with ILD severity in ILD patients, they also found that
FVC% <60 is highly accurate for predicting DD (107). In clinical
practice, diaphragmatic ultrasound imaging has a high sensitivity and
specificity for identifying reduced DE in ILD patients with FVC% <60.
By combining ultrasound with lung function indices, it becomes
easier to monitor ILD patients after surgery and can also serve as a
prompt for physicians to reduce the use of medications, such as
corticosteroids, that may lead to myopathy.

The assessment of diaphragmatic dysfunction using ultrasound in
patients with neuromuscular diseases is a critical area of study due to
the essential role the diaphragm plays in respiration. Neuromuscular
diseases, such as amyotrophic lateral sclerosis (ALS), Duchenne
muscular dystrophy (DMD), stroke, myasthenia gravis (108), and
Lambert-Eaton syndrome (46), can lead to significant diaphragmatic
weakness or paralysis, severely affecting respiratory function.
Consequently, in cases of acute myasthenic crisis, patients may
experience acute respiratory failure requiring invasive ventilation.
Transitioning to ALS, early detection poses challenges, with low
survival rates primarily attributed to respiratory muscle involvement.
Timely intervention is critical, as diaphragmatic ultrasound can
effectively predict FVC <50% by measuring parameters such as DE
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(<5.5cm) during deep breathing. This comprehensive assessment
facilitates prompt intervention for respiratory failure, potentially
improving patient prognosis (109).

Stroke also affects respiratory function to some extent, resulting
in a notable reduction in diaphragm mobility and lung function
among affected patients (110). This diminished respiratory capacity
can heighten the vulnerability of stroke patients to pulmonary
infections. Similarly, patients with DMD exhibit lower DE and DTF
compared to healthy adults (111, 112). Although there is no cure,
diaphragmatic ultrasound can provide a clinical basis for assessing
diaphragmatic function. In other words, ultrasound is the preferred
tool for identifying patients who may have experienced diaphragmatic
dysfunction before they display clinical symptoms, enabling
early intervention.

Discussion

Although ultrasound has become a commonly used tool for
diagnosing diaphragmatic dysfunction in recent years due to its
noninvasiveness and reusability, there is still confusion regarding the
use of diagnostic indicators and criteria. Some literature suggests that
diaphragmatic involvement is bilateral (66). In contrast, some studies
have demonstrated that DD may be unilateral and associated with
specific surgical procedures, such as lung resection (34). During quiet
breathing in healthy individuals, the lower limit of normal DE is
0.9cm and 1 cm in women and men, respectively. Meanwhile, during
deep breathing, the lower limit of normal DE is 3.3 cm and 3.2 cm for
women and men, respectively (98). While both lower values have been
used in different articles to diagnose DD, in a randomized controlled
study of patients treated with nerve blocks, DD was categorized into
complete, partial, and no diaphragmatic dysfunction categories based
on decreases in DE from baseline of >70%, 25-70, and <25% (113),
respectively. Overall, the metrics used to diagnose DD through
ultrasound have also not been standardized and include DE (9, 34—
40), DT, and DTF (18, 41-45).

By analyzing and summarizing the literature, this review found
that DE is the most commonly used index. A DE measurement of
<lcm is often used to diagnose diaphragmatic dysfunction. In
clinical practice, it has been observed that most normal patients
have a DE between 1-2 cm, with a few exceeding 2 cm. These
findings are consistent with the data obtained by Boussuges et al.
regarding DE in normal subjects (32). However, there is an
international consensus among experts on ultrasound diagnosis of
diaphragmatic dysfunction in critically ill patients. According to
this consensus, a DE <2 cm from baseline can be considered as the
critical value for diagnosis of DD (18), this conclusion contradicts
the findings of our review. However, it should be noted that this
consensus is specifically for ICU patients, who often have additional
conditions such as diaphragmatic edema, inflammation, and
pulmonary atelectasis. These conditions require a greater DE to
maintain normal tidal volume. Additionally, the thickness of the
diaphragm is not standardized due to diaphragmatic edema and
other factors, therefore, a DE <2 cm cannot be used as a diagnostic
criterion for non-critical patients. In conclusion, diaphragmatic
ultrasound plays an important role in clinical practice, but there is
no consensus on the diagnostic criteria for non-critical patients.
Currently, a DE <1 cm is the most reasonable criterion, but more
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clinical studies are needed in the future to confirm and supplement
this criterion. Secondly, through literature review, we also found
that the incidence of diaphragmatic dysfunction caused by brachial
plexus block is very high. However, brachial plexus block has now
become a common anesthesia method in orthopedic surgery, which
can avoid the adverse effects of general anesthesia. In the future,
further research can be conducted on another approach or
concentration to reduce diaphragmatic dysfunction caused by
brachial plexus block. Furthermore, the use of ultrasound at the
bedside is limited by the presence of poor acoustic windows in
some outpatients and ICU patients (93, 114, 115) and unfavorable
imaging environments in obese patients (25).

In recent years, computed tomography (CT) has emerged as a new
tool for characterizing diaphragmatic function, it enables visual
assessment of diaphragm density, thickness, and height (116),
facilitating the prediction of reintubation rates in patients in the ICU
(117). Additionally, CT allows for the static assessment of the
diaphragm and observation of morphological changes over time.
Looking ahead, alongside ultrasound, CT is poised to become an
tool  for assessment  of

indispensable comprehensive

diaphragm function.

Conclusion

In clinical practice, ultrasound remains a commonly used tool for
assessing DD, it is not only noninvasive but can also be performed at
the bedside, ensuring good patient compliance. Perioperative
ultrasound assessment of diaphragm function can help in preoperative
preparation, intraoperative monitoring, and postoperative evaluation.
It allows clinicians to promptly and accurately assess diaphragm
function and guide subsequent treatment strategies. However, more
clinical data are required in the future to complement and support this
review, with the ultimate goal of reaching a consensus on ultrasound
assessment in non-critical patients.
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Tesfaye Ayenew Mekuria®

!Department of Nursing, College of Health Sciences, Mettu University, Metu, Ethiopia, 2Department of
Emergency and Critical Care Nursing, School of Nursing, College of Medicine and Health Sciences,
University of Gondar, Gondar, Ethiopia, *Department of Surgical Nursing, School of Nursing, College
of Medicine and Health Sciences, University of Gondar, Gondar, Ethiopia, “Department of
Epidemiology and Biostatistics, School of Public Health, College of Medicine and Health Sciences,
Haramaya University, Harar, Ethiopia, *Department of Intensive Care Unit, Madda Walabu University
Goba Referral Hospital, Goba, Ethiopia

Background: Worldwide, nearly half of the patients admitted to intensive care
units require ventilatory support. Despite advances in intensive care unit patient
management and mechanical ventilator utilization, the odds of mortality among
mechanically ventilated patients are higher in resource-limited settings. Little
is known about the mortality of patients on mechanical ventilation outside the
capital of Ethiopia. This study aimed to assess mortality and its associated factors
among mechanically ventilated adult patients in intensive care units.

Method: An institutional-based cross-sectional study was conducted on
mechanically ventilated patients in intensive care units from 1 February 2020
to 1 March 2023. A simple random sampling technique was used to select
434 patients’ charts. A data extraction tool designed on the Kobo toolbox,
a smartphone data collection platform, was used to collect the data. The
data were exported into Microsoft Excel 2019 and then into Stata 17 for data
management and analysis. Descriptive statistics were used to summarize the
characteristics of the study participants. A bivariable logistic regression was
conducted, and variables with p <0.20 were recruited for multivariable analysis.
Statistical significance was declared at p <0.05, and the strength of associations
was summarized using an adjusted odds ratio with 95% confidence intervals.

Result: A total of 404 charts of mechanically ventilated patients were included,
with a completeness rate of 93.1%. The overall proportion of mortality was
62.87%, with a 95% CI of (58.16—-67.58). In the multivariable logistic regression,
age 41-70years (AOR: 4.28, 95% Cl: 1.89-9.62), sepsis (AOR: 243, 95% ClI:
1.08-5.46), reintubation (AOR: 2.76, 95% Cl: 1.06-7.21), and sedation use (AOR:
0.41, 95% Cl: 0.18-0.98) were found to be significant factors associated with the
mortality of mechanically ventilated patients in the intensive care unit.

Conclusion: The magnitude of mortality among mechanically ventilated patients
was high. Factors associated with increased odds of death were advanced age,
sepsis, and reintubation. However, sedation use was a factor associated with
decreased mortality. Healthcare professionals in intensive care units should
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pay special attention to patients with sepsis, those requiring reintubation, those
undergoing sedation, and those who are of advanced age.

KEYWORDS

Ethiopia, mechanical ventilation, mortality, Northwest Amhara, intensive care unit

Introduction

Worldwide, the number of patients needing mechanical
ventilation (MV) in intensive care units (ICUs) is rising, especially
among the elderly and patients with comorbid illnesses (1).
Approximately half (40-50%) of patients admitted to the ICU need
respiratory assistance with MV (2-6). Among those patients who
received MV support in the ICU, a large number of patients, with a
rough estimation of approximately 45-60%, will die in the hospital (4,
6,7). MV is needed in patients with respiratory failure, but it is also
associated with increased morbidity and mortality (8-10).

ICU expenses are significantly influenced by MV (11, 12), which
accounts for a 25.8% increase in the daily costs of ICU care and
accounts for approximately €1,580 for a single ventilated ICU day (12).

In contrast to high-income environments, the mortality rate of
patients on MV among developing and low-income countries is higher
(13-16). This can be related to the young and underdeveloped nature
of intensive care medicine in these areas (17), as well as the lack of
trained staff, equipment, and supply material resources (16, 17).
According to a review of some studies, the mortality of MV patients
ranges from 40.9 to 73.5% in Africa (14, 16, 18, 19). Previous studies
conducted in Ethiopia revealed that the magnitude of mortality among
mechanically ventilated patients ranges from 28.6 to 60.7% (20-23).

According to studies conducted globally, age (16, 21, 24, 25), sex
(26, 27), inotrope and vasopressor use (7, 10, 20, 28, 29), increased
duration on MV (10, 20, 23, 30), low serum albumin level (22, 25),
decreased Glasgow coma scale score during ICU admission (22),
comorbidity (14, 23, 25, 26, 31), need for dialysis (23, 25), multiple
organ dysfunction syndrome (MODS) (30), sequential organ failure
assessment (SOFA) score (7), acute physiology and chronic health
evaluation (APACHE II) score (25, 32), positive end expiratory
pressure (PEEP) (33), organ failure (32, 34), admission diagnosis (22,
34), sepsis (32, 35), readmission (36), reintubation (14), tracheostomy
use (10, 29, 37), and sedation use (14, 20) were significant factors
associated with mortality of mechanically ventilated patients in the
ICU. Nevertheless, some of the severity scores, such as APACHE Il and
SOFA scores, are not applicable in the ICUs of our study settings yet.

Abbreviations: AOR, Adjusted Odds Ratio; APACHE, Acute Physiology and Chronic
Health Evaluation; ARDS, Acute Respiratory Distress Syndrome; Cl, Confidence
Interval; ICU, Intensive Care Unit; MODS, Multiple Organ Dysfunction Syndrome;
MV, Mechanical Ventilation; PEEP, Positive End Expiratory Pressure; SOFA,
Sequential Organ Failure Assessment; SPHMMC, Saint Paul's Hospital Millennium
Medical College; SRMA, Systematic Review and Meta-Analysis; TASH, Tikur Anbessa
Specialized Hospital; UOGCSH, University of Gondar Comprehensive Specialized
Hospital; USA, United States of America; VAP, Ventilator Associated Pneumonia;

VIF, Variance Inflation Factor.

Frontiers in Medicine

41

Despite advances in the management of patients in the ICU and
growing improvements in MV supply and utilization, the odds of
mortality among critically ill patients receiving mechanical ventilation
support remained higher than their non-ventilated counterparts (38).
However, mortality was estimated to be higher in low-resource areas;
most of the studies conducted in Ethiopia were concentrated in the
capital city, where infrastructure is relatively better. The effect of
management factors, such as initial ventilatory settings and
reintubation, was also not well studied in those studies. Very little is
known about the magnitude of mortality among patients on MV in
the peripheral hospitals; thus, this study is aimed at assessing the
mortality and its associated factors among mechanically ventilated
adult patients in the ICUs of Northwest Ambhara referral hospitals.

Materials and methods
Study design and period

An institution-based cross-sectional study design was employed
through a review of the medical records of patients who were admitted
from 1 February 2020 to 1 March 2023. The data were extracted from
10 April to 28 May 2023.

Study setting

The study was carried out at adult intensive care units of referral
hospitals in Northwest Ambhara, Ethiopia. In the northwest part of the
Ambara region, there are five referral hospitals, including the University
of Gondar Comprehensive Specialized Hospital (UOGCSH), Felege
Hiwot Comprehensive Specialized Hospital (FHCSH), Debre Markos
Comprehensive Specialized Hospital (DMCSH), Tibebe Gihon
Comprehensive Specialized Hospital (TGCSH), and Debre Tabor
Comprehensive Specialized Hospital (DTCSH). The catchment area for
each referral hospital is thought to contain 5-7 million people (39).
TGCSH is one of the teaching hospitals in Northwest Amhara, located
in Bahirdar City, the capital of Amhara regional state, which is 565km
from the capital, Addis Ababa. There are two intensive care units
(pediatric and adult). The adult ICU was equipped with 9 beds, 4
functioning mechanical ventilators, 7 patient monitors, and one bedside
ultrasound. This unit is staffed with two anesthesiologists, internal
medicine specialists and subspecialists, trained nurses, and medical and
surgical residents (40). The pediatric ICU has two beds (41).

FHCSH is also the other referral hospital in Bahirdar City. The adult
ICU is one of the 13 wards it has, where critically ill patients are admitted
(41). Currently, it has 10 beds and 4 MVs. The UOGCSH is found in
Gondar town, 700 km from Addis Ababa. UOGCSH started critical care
service in 2011 with a four-bed ICU capacity, two motorized ventilators,
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one defibrillator, four non-invasive hemodynamic monitoring devices,
and one ultrasound machine (42), and currently, it has four ICU
departments divided based on specialty: medical ICU, surgical ICU,
pediatrics ICU, and neonatal ICU. The adult medical and surgical ICUs
of UOGCSH have 22 beds, 11 MVs, 22 monitors, 1 portable x-ray
machine, 2 ultrasound machines, and 1 dialyzer machine. DTCSH is
found in Debre Tabor town, the capital of the South Gondar zone. It is
located approximately 665km from the capital city of Ethiopia, Addis
Ababa. It has three ICUs: 1 adult, 1 pediatric, and 1 neonatal. The adult
ICU has 6 beds. DMCSH is located in East Gojam, which is located
300km and 265km from Addis Ababa and Bahir Dar, the capitals of
Ethiopia and the Amhara regional state, respectively (43). The adult ICU
has 4 beds, 3 functional mechanical ventilators, and 3 functional monitors.

Population

All adult patients admitted to the ICU and received mechanical
ventilation support at referral hospitals in Northwest Amhara were the
source population. All adult patients admitted to the ICU and received
mechanical ventilation support at referral hospitals in Northwest
Ambhara from 1 February 2020 to 1 March 2023 were the study
population. All adult patients admitted to the ICU and who received
mechanical ventilation support from 1 February 2020 to 1 March 2023
were included in the study. Those patients who were mechanically
ventilated for less than 24h were excluded from the study. Patient
charts with variables not recorded like ICU admission and discharge
date, MV initiation time, socio-demographics such as age and sex,
GCS during admission, and unknown outcome variable (not recorded
and the patient left against medical advice or referred to other
hospitals) were declared as incomplete and excluded from the study.

Sample size determination

For the first objective, a single population proportion formula was
used to determine the sample size by taking a proportion, 57.1%, from
a study in Saint Paul Hospital Millennium Medical College
(SPHMMC) (23); d=margin of error, 5%, and Z o/2=Z score of the
95% confidence level, 1.96.

Z(za/z)p(l_p)
s

n=

- (196)" (0.571)(0.429) =377
B (0.05)?

For the second objective, the sample size was calculated as follows
for significantly associated factors: sedation use, inotrope use, and
duration of stay on MV (20), using Epi-info version 7.2.2.2, and the
maximum sample size was 308. When comparing the sample sizes
calculated for both objectives, the sample size obtained from the first
objective (377) was found to be the highest. So, to get a maximum
sample size, the sample size computed for the first objective was used.

A 15% contingency was considered for possible incomplete
medical recording and possible lost charts, taking into account that a
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dead person’s inactive charts would be difficult to access, and the final
sample size was 434.

Sampling technique and procedures

All the five referral hospitals in the Northwest Amhara were
included. After a proportional allocation of sample size made to the
respective hospitals based on their 3-year data on MV use, a sampling
frame was prepared using computer-generated random numbers by
including all chart numbers of patients who were mechanically
ventilated from February 2020 to March 2023. Finally, a simple
random sampling technique was used to select the samples (Figure 1).

Operational definitions

MODS: Failure of two or more organs at any time in the ICU,
depending on ODINS criteria (44).

Required Hemodialysis: Presence of two or more findings from
the indications of dialysis below:

Electrolyte imbalance: Uncontrolled Hyperkalemia (potassium
>6.5mmoL/L or rising).

Serum sodium level <115 or>165 mmoL/L.

Edema (fluid overload): Refractory fluid overload.

Uremia: excessive blood urea nitrogen (BUN) and creatinine
levels or any uremic abnormalities such as uremic encephalopathy,
uremic pericarditis, and the like.

Acidosis: severe metabolic acidosis with concomitant acute kidney
injury, pH<7.

Intoxication: life-threatening poisoning with a dialyzable drug, such
as salicylates, lithium, isopropanol, methanol, or ethylene glycol (45).

Barotrauma: Radiographically confirmed pneumothorax,
pneumomediastinum, or subcutaneous emphysema that could not
be attributed to iatrogenic injury (46).

Comorbidity is the co-occurrence of two or more disorders or
diseases at the same time (47). Comorbidity was declared if the patient
has at least one chronic illness other than the acute indication for MV.

Incomplete Patient Chart: Patients’ charts were declared incomplete
when they did not consist of complete baseline medical data, specifically
for variables not recorded such as ICU admission date and discharge
date, MV initiation time, socio-demographics such as age and sex, GCS
during admission, and unknown outcome variables (not recorded and
patient left against medical advice or referred to other hospitals).

Hypertension was defined as a blood pressure reading of systolic
>130 and diastolic >80. At the same time, Normotensive was defined
as a blood pressure reading of systolic 90-129 and diastolic 60-80 (48).

Hypotension was defined as a blood pressure reading of systolic
<90 and diastolic <60 (49).

Tachypnea was defined as a respiratory rate>30 breaths per
minute (50).

Bradypnea was defined as a respiratory rate of <12 breaths per
minute (51).

Sedation use was defined as having received an intravenous or
intramuscular sedative (ketamine, benzodiazepines, dexmedetomidine,
barbiturates, or propofol) for any period during the intensive care stay
(52). This does not include the sedation used for procedures such
as intubation.
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Total mechanically ventilated patients in adult ICU for the last 3
years in the 5 referral hospitals of Northwest Amhara (N= 4,104)
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FIGURE 1

Ethiopia, 2023.

Schematic presentation of sampling procedures used to select mechanically ventilated patients in ICUs of referral hospitals in Northwest Amhara,

defined as
norepinephrine, vasopressin, dopamine, or phenylephrine (53) during
ICU stay.

Vasopressor use was utilizing epinephrine,

Data collection tool and procedures

A data extraction checklist was developed from mechanical
ventilation protocols and related literature (10, 16, 20-23). The data
extraction tool comprised socio-demographic data, such as age, sex, and
residence; clinical characteristics such as admission diagnosis, GCS at
admission, serum albumin level, hemoglobin level, sepsis, indication for
MV, vital signs, presence and types of comorbidity, presence and types of
organ failure, and presence of MODS; and management-related
characteristics, such as readmission, reintubation, sedation use,
vasopressor use, required dialysis, initial ventilatory settings, and duration
of stay in ICU and on MV. Five trained BSc nurses working in
emergency wards of the respective hospitals collected the data using the
Kobo toolbox, a mobile and tablet-based data collection platform. Four
trained MSc nurses working in wards other than the adult ICU supervised
the data collection process. The patients’ charts were found by taking the
medical record number (MRN) from the log book at the ICU. Then, the
charts were extracted from the card rooms of the corresponding hospitals.
All randomly selected charts were roughly reviewed, and relevant data
were extracted. For patients with readmission and reintubation, we used
the last admission and intubation, respectively, to extract the data.

Data quality control
To control the quality of the data, data collectors and supervisors

were trained separately for 2 days about the objectives of the study,
confidentiality, and data collection techniques. The relevance of the
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variables in the tool was verified by consulting experts with a critical
care specialty. Before the actual data collection, a preliminary chart
review was conducted on 22 (5%) randomly selected charts at
UOGCSH to check the accessibility of variables. Accordingly, variables
that were repetitively not recorded in the patient recordings (inotrope
use and I:E ratio) were excluded from the data extraction checklist. In
addition, ventilation for less than 24h was made as an exclusion
criterion due to the absence of important variables for those ventilated
for less than 24h. During data collection, each filled checklist was
cross-checked and revised daily by the investigator for completeness.
Data cleaning was performed before analysis.

Data processing and analysis

After completion of data collection, the data were exported from
the Kobo Toolbox Server into Microsoft Excel 2019 for data cleaning
and management, and then it was exported to Stata 17 for data
management and analysis. The descriptive statistics were described
using texts, frequency tables, percentages, and graphs, whereas mean
with standard deviation and median with interquartile ranges were
used for continuous variables after the data distribution was checked
by histogram and skewness and kurtosis tests to characterize study
participants. Mean imputation was used to manage missing values for
the continuous variables, baseline serum albumin level, baseline
hemoglobin level, and temperature at the initiation of MV. The category
of interest (died) was coded as 1 and survived was coded as 0. All
relevant variables were included. The chi-square assumption test was
done for categorical independent variables. Multicollinearity was
checked by the variance inflation factor (VIF) and the variables; the
presence of complication and VAP were excluded due to VIF> 10.
Bivariable analysis was conducted using the binary logistic regression
model to determine the association between each independent variable
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and the outcome variable. Accordingly, variables with a p-value of
<0.20 were considered for further analysis (multivariable analysis) to
identify the net effect of each variable on the outcome variable. Finally,
statistical significance was declared at p<0.05, and the strength of
associations was summarized using an adjusted odds ratio (AOR) with
95% confidence intervals (CI). The goodness of model fitness was
checked using the Hosmer-Lemeshow goodness test.

Results

Socio-demographic characteristics of the
study participants

A total of 404 charts of mechanically ventilated patients in the
ICUs were included in the study, with a completeness rate of 93.1%.
More than half (59.16%) of the patients were aged between 18 and
40years, with a median age of 35.5 (IQR: 25-53). Two hundred
twenty-five (55.69%) of the patients were male, and approximately
59.41% were rural residents (Table 1).

Clinical characteristics of the study
participants

The main admission diagnosis for one-third of the study
participants was respiratory, categorically. One hundred seventy-four
(43.07%) of the study participants had a GCS of less than or equal to
8 or 7 with intubation (7T) during admission to the ICU. At the
initiation of MV, more than half (62.13, 54.46, and 53.96%) of the
patients were tachycardic, tachypneic, and hypoxic, respectively.
Respiratory failure was the most common indication for MV (45.3%).
Among the total study participants, the majority (81.44%) of them had
at least one organ failure, and more than half (51.98%) had
MODS. Only 87 (21.53%) patients had developed a complication, with
VAP occupying the highest proportion (67.8%) (Table 2).

Management-related characteristics of the
study participants

The median duration of ventilation for the study participants was
7 days (IQR: 3-12). Most of the patients (71.3%) had used sedatives,
and nearly one-fourth (21.29%) of the patients were reintubated. The

TABLE 1 Socio-demographic characteristics of mechanically ventilated
patients in the ICUs of referral hospitals in Northwest Amhara, Ethiopia,
2023 (n=404).

Variables = Categories Frequency Percent (%)
Age 18-40 239 59.16
41-70 132 32.67
>70 33 8.17
Sex Male 225 55.69
Female 179 44.31
Residence Rural 240 59.41
Urban 164 40.59
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TABLE 2 Clinical characteristics of mechanically ventilated patients in the
ICUs of referral hospitals in Northwest Amhara, Ethiopia, 2023 (n = 404).

Variables Categories Frequency  Percent
(N =404) (%)
Main admission Respiratory 136 33.66
Diagnosis Cardiovascular 40 9.9
Neurologic 80 19.8
Renal 21 5.2
Obstetric and 26 6.44
gynecologic
Surgical (non-trauma) 31 7.67
Trauma 70 17.33
Presence of No 220 54.46
comorbidity Yes 184 45.54
Type of Chronic kidney 31 16.8
comorbidity disease
(N=184) Asthma 2 119
Diabetes mellitus 33 17.9
Hypertension 50 27.2
COPD 9 4.9
CHF 35 19
HIV/AIDS 33 17.9
Stroke 21 11.4
Others* 9 4.9
GCS at ICU <8/7T 174 43.07
admission 9-12/>8T 92 2277
13-15 138 34.16
Baseline serum >2g/dL 313 77.48
albumin level <2g/dL 91 22.52
Baseline <7 38 9.41
Hemoglobin 7.1-10 70 1733
level
10.1-13.5 198 49
>13.5 98 24.26
Blood pressure at | Hypotensive 129 31.93
initiation of MV Hypertensive 84 20.8
Normal 191 47.27
Heart rate at Tachycardia 251 62.13
initiation of MV Bradycardia 6 1.48
Normal 147 36.39
Respiratory rate Tachypnea 220 54.46
at initiation of Bradypnea 5 1.24
MY Normal 179 44.3
Temperature at Normothermia 226 55.94
initiation of MV b1, othermia 43 10.64
Hyperthermia 135 33.42
Oxygen Non-hypoxic 186 46.04
saturation at Hypoxic 218 53.96
initiation of MV
(Continued)
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TABLE 2 (Continued)

Variables

Categories

Frequency  Percent
(N =404) (%)

Indication for Neurologic/coma/ 145 359
MV airway protection
Neuromuscular 40 9.9
diseases
Respiratory failure 183 45.3
Cardiovascular failure/ 36 8.9
shock
Type of Type 1 152 83.06
respiratory Type 2 31 16.94
failure (N=183)
Organ failure No 75 18.56
presence Yes 329 81.44
Type of organ Renal failure 90 27.35
failure (N=329) | Respiratory failure 202 61.4
Neurologic failure 140 425
Cardiovascular failure 133 40.4
Hematologic failure 34 10.3
Hepatic failure 6 1.8
Infectious failure 12 3.65
MODS No 194 48.02
Yes 210 51.98
Sepsis No 242 59.9
Yes 162 40.1
Complication No 317 78.47
developed Yes 87 21.53
Type of VAP 59 67.8
complication Barotrauma 8 9.2
(W=87) Pulmonary embolism 3 3.4
ARDS 13 14.9
Post-extubation stridor 5 5.7

Others*- Chronic liver disease, hepatitis, valvular heart disease, and epilepsy.

majority (87.87%) of the access to the airway was endotracheal tube
and 46.53% of the patients were initiated by pressure control with
assisted control mode. The median lengths of stay in the ICU and
hospital for the study participants were 9 days (IQR: 5-15) and 12 days
(IQR: 7-19), respectively. The mean initial Fi02 of the study
participants was 83.28% +21.47 (Table 3).

Magnitude of mortality among
mechanically ventilated adult patients in
the ICU

In this study, the proportion of deaths among mechanically
ventilated patients in the ICU was 254 (62.87%) with a 95% CI of
(58.16-67.58) (Figure 2). The most common immediate cause of death
registered was multiorgan failure, which accounts for 44.49%
(Figure 3).
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TABLE 3 Management-related characteristics of mechanically ventilated
patients in the ICUs of referral hospitals in Northwest Amhara, Ethiopia,
2023 (n=404).

Variables Categories Frequency Percent
(N =404) (%)
Readmission No 342 84.65
Yes 62 15.35
Intubation time ‘Working day, daytime 174 43.07
Working day, nighttime 137 339
Weekend, daytime 63 15.6
Weekend, nighttime 30 7.43
Reintubation No 318 78.71
Yes 86 21.29
Airway access ET tube 355 87.87
Tracheostomy 49 12.13
Initial mode of PC/ AC 188 46.53
ventilation VC/ AC 157 38.86
SIMV 44 10.9
CPAP 15 3.71
Duration of 1-10 272 67.33
ventilation 11-20 82 203
>20 50 12.37
Length of stayin | 1-10 223 55.2
Icu 11-20 112 27.72
>20 69 17.08
Required No 312 7723
hemodialysis Yes 9 22.77
Sedative use No 116 28.7
Yes 288 71.3
Vasopressor use No 230 56.9
Yes 174 43.1
Extubation time | Working day, daytime 192 475
Working day, nighttime 100 24.8
Weekend, daytime 47 11.6
Weekend, nighttime 65 16.1

Factors associated with mortality of
mechanically ventilated patients

In the multivariable logistic regression analysis, age (41-70),
sepsis, reintubation, and sedation use were found to be significant
factors associated with the mortality of mechanically ventilated
patients at ICUs at a p-value <0.05.

Keeping all other variables constant, the odds of mortality among
the 41-70years age group was 4.3 (AOR, 4.28, 95% CI: 1.89-9.62)
times higher than those in the 18-40years age group. While
controlling for other variables, the odds of mortality among patients
with sepsis was 2.4 (AOR, 2.43, 95% CI: 1.08-5.46) times greater than
those without sepsis. Patients who were reintubated were 2.8 (AOR,
2.76, 95% CI: 1.06-7.21) times more likely to die than those
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Proportion of Mortality

= Died

= Survived

FIGURE 2
Magnitude of mortality among mechanically ventilated adult patients
in the ICUs of referral hospitals in Northwest Amhara, Ethiopia, 2023.

Immediate causes of death
0,
7.48% 3.15%

8.27% “

21.26%

44.49%

15.35%

= Cardiorespiratory arrest

= Multiorgan failure Sudden cardiac arrest

Refractory shock = Respiratory failure = Others*

FIGURE 3

Registered causes of death among mechanically ventilated adult
patients at ICUs of referral hospitals in Northwest Amhara, Ethiopia,
2023 (n = 254). Others*- Cardiovascular arrest, intracranial
hemorrhage, and brain death.

non-reintubated patients, holding all other factors constant. However,
using sedation decreased the odds of mortality by 59% (AOR, 0.41;
95% CI: 0.18-0.98) compared to patients not taking sedation, while
other covariates remained the same (Table 4). The Hosmer-Lemeshow
goodness of model fitness showed that the model is good-fitted at
p=0.4510 (Table 5). The mean VIF was found to be 2.28 (Table 6).

Discussion

In Ethiopia, patients who need mechanical ventilation were nearly
five times more likely to die in the ICU than those who do not (38).
Therefore, this study aimed to assess mortality and its associated
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factors among mechanically ventilated adult patients in intensive care
units of referral hospitals in Northwest Amhara.

According to this study, the overall proportion of mortality among
mechanically ventilated adult patients in the ICU was 62.87%, with a
95% CI of (58.16-67.58). This finding was higher than the
observational study conducted in Argentina (44.6%) (35). This
discrepancy might have resulted from a lack of standard illness
severity scores and mortality predictions such as APACHE, which aid
in anticipating mortality and considering special attention. The
finding of this study was also higher than the study in Canada (18%)
(54). In addition to differences in the quality of ICU care provided,
this variation could be related to the difference in the study population;
the study from Canada was conducted only on patients with acute
respiratory failure, whereas the current study included all diagnoses.
In this study, the proportion of mortality was higher than in the study
conducted in Japan, 38.8% (55). The discrepancy could be due to
exclusion criteria, as the study in Japan excluded patients who were
mechanically ventilated for less than 3days, cancer patients, and
patients who stayed more than 60 days in the ICU. This might decrease
the proportion since patients with an expected poor prognosis were
excluded from the very beginning.

The proportion of mortality found in this study was also higher
compared to similar studies in low-income countries. The finding of
this study revealed that the mortality proportion of mechanically
ventilated patients was greater than the study conducted in Egypt
(40.9%) (14). The possible explanation for this discrepancy could
be organizational structure since the study in Egypt was conducted
specifically in the respiratory ICU, where management of mechanically
ventilated patients will be more focused and organized. Similarly, the
proportion of deaths found in this current study was higher than in
previous studies conducted in Ethiopia; a multicenter study in Addis
Ababa (41.7%) (20), SPHMMC (57.1%) (23), and Ayder Hospital,
Mekelle (28.6%) (21). The study period, small sample size, lack of
trained professionals (56), COVID-19 ICU burden, and the Northern
Ethiopian conflict might have contributed to this high mortality. The
study in Ayder Hospital, Mekelle, was conducted on relatively small
sample sizes (105 samples). In addition to this, the study period in
Ayder was free from both COVID-19 and the conflicting burden
when ICU admission and the need for MV reached their peak.

However, the findings of this study showed a mortality proportion
lower than that of a study conducted in India (83%) (57). This
discrepancy could also be due to a difference in the study period; the
previous study was conducted from 2013 to 2015, while our study is
recent. The other possible justification for this discrepancy might
be due to the presentation of the patients in the advanced stage of the
disease having received poor or delayed pre-hospital care, leading to
a poor outcome in these severely ill patients in the study in India (57).

Despite these discrepancies, this finding was comparable with a
second study from a different center in India (67.21%) (34). The
possible reason might be the similarity in inclusion criteria. Similar
to the current study, the previous study also included patients greater
than 18years of age with all admission diagnoses. Similarly, the
mortality proportion in this study was in line with a study conducted
in TASH (60.7%) (22). This similarity could be due to similarities in
admission diagnosis and indications; in both studies, respiratory
problems and respiratory failure were the most common admission
diagnoses and indications of MYV, respectively. The mortality
proportion in this study was in line with a study in Kenya (60.7%)
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TABLE 4 Results of bivariable and multivariable logistic regression analysis of factors associated with the mortality of mechanically ventilated patients
in adult ICUs of referral hospitals in Northwest Amhara, Ethiopia, 2023 (n = 404).

Variables Mortality status COR (95% Cl) AOR (95% CI)

Survived

n (%)

Age in years
18-40 126 (52.72) 113 (47.28) 1 1
41-70 99 (75.0) 33 (25.0) 2.69 (1.68-4.29) 4.28 (1.89-9.62) *
>70 29 (87.88) 4(12.12) 6.50 (2.22-19.07) 3.56 (0.73-17.39)
Serum albumin level
>2g/dL 179 (57.19) 134 (42.81) 1 1
<2g/dL 75 (82.42) 16 (17.58) 3.51(1.96-6.29) 0.96 (0.38-2.43)
Blood pressure at the initiation of MV
Hypotensive 103 (79.84) 26 (20.16) 4.54 (2.71-7.60) 2.13 (0.80-5.69)
Hypertensive 62 (73.81) 22 (26.19) 3.23 (1.84-5.67) 1.55 (0.63-3.81)
Normotensive 89 (46.6) 102 (53.4) 1 1
Admission GCS
<8/7T 132 (75.86) 42 (24.14) 3.97 (2.45-6.43) 1.95 (0.68-5.59)
9-12/>8T 61 (66.3) 31(33.7) 2.48 (1.44-4.29) 2.32(0.96-5.62)
13-15 61 (44.2) 77 (55.8) 1 1
Admission diagnosis
Respiratory 81 (59.56) 55 (40.44) 1 1
Cardiovascular 29 (72.5) 11 (27.5) 1.79 (0.82-3.88) 0.80 (0.19-3.28)
Neurologic 52 (65) 28 (35) 1.26 (0.71-2.24) 0.55(0.15-1.99)
Renal 18 (85.71) 3(14.29) 4.07 (1.14-14.50) 2.42 (0.39-15.17)
Obstetric/gynecologic 18 (69.23) 8(30.77) 1.53 (0.62-3.76) 0.32 (0.06-1.62)
Surgical (non-trauma) 15 (48.39) 16 (51.61) 0.64 (0.29-1.39) 0.66 (0.13-3.27)
Trauma 41 (58.57) 29 (41.43) 0.96 (0.53-1.72) 0.65 (0.18-2.39)
Comorbidity
No 103 (46.82) 117 (53.18) 1 1
Yes 151 (82.07) 33(17.93) 5.19 (3.28-8.24) 2.47 (0.99-6.15)
Diabetes mellitus
No 229 (61.73) 142 (38.27) 1
Yes 25 (75.76) 8 (24.24) 1.94 (0.85-4.41) 0.72 (0.19-2.75)
Hypertension
No 211 (59.6) 143 (40.4) 1 1
Yes 43 (86) 7 (14) 4.16 (1.82-9.51) 1.91 (0.47-7.81)
Congestive heart failure
No 226 (61.25) 143 (38.75) 1 1
Yes 28 (80) 7 (20) 2.53 (1.08-5.95) 0.85(0.19-3.75)
Hemoglobin level
<7 28 (73.68) 10 (26.32) 2.28 (1.00-5.20) 1.34 (0.27-6.78)
7.1-10 45 (64.29) 25 (35.71) 1.47 (0.78-2.76) 0.92 (0.29-2.89)
10.1-13.5 127 (64.14) 71 (35.86) 1.46 (0.89-2.39) 0.81 (0.36-1.82)
>13.5 54 (55.1) 44 (44.9) 1 1
Indication for MV
Neurologic/coma/Airway protection 87 (60) 58 (40) 0.93 (0.59-1.45) 0.38 (0.08-1.67)
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TABLE 4 (Continued)

Variables Mortality status COR (95% Cl)

Survived
n (%)

10.3389/fmed.2024.1345468

AOR (95% ClI)

Neuromuscular diseases 25 (62.5) 15 (37.5) 1.03 (0.51-2.09) 5.51 (0.89-33.98)
Respiratory failure 113 (61.75) 70 (38.25) 1 1
Cardiovascular failure/shock 29 (80.56) 7 (19.44) 2.57 (1.07-6.17) 0.62 (0.10-3.83)

Last temperature before initiation of MV

Normothermia 131 (57.96) 95 (42.04) 1 1
Hypothermia 35(81.4) 8(18.6) 3.17 (1.41-7.15) 2.37(0.72-7.77)
Hyperthermia 88 (65.19) 47 (34.81) 1.36 (0.87-2.11) 0.79 (0.38-1.66)

Organ failure

No 26 (34.67) 49 (65.33) 1 1

Yes 228 (69.3) 101 (30.7) 4.25 (2.50-7.22) 2.12 (0.43-10.54)
Renal failure

No 176 (56.05) 138 (43.95) 1 1

Yes 78 (86.67) 12 (13.33) 5.10 (2.67-9.74) 1.03 (0.20-5.16)
Respiratory failure

No 120 (59.41) 82 (40.59) 1 1

Yes 134 (66.34) 68 (33.66) 1.35 (0.90-2.02) 0.70 (0.17-2.95)

Neurologic failure

No 140 (53.03) 124 (46.97) 1

1

Yes 114 (81.43) 26 (18.57) 3.88 (2.38-6.34)

3.06 (0.67-14.04)

Cardiovascular failure

No 141 (52.03) 130 (47.97) 1

1

Yes 113 (84.96) 20 (15.04) 5.21 (3.06-8.87)

1.73 (0.34-8.83)

Hematologic failure

No 226 (61.08) 144 (38.92) 1 1

Yes 28 (82.35) 6(17.65) 2.97 (1.20-7.36) 0.99 (0.18-5.65)
MODS

No 71 (36.6) 123 (63.4) 1 1

Yes 183 (87.14) 27 (12.86) 11.74 (7.13-19.33) 2.96 (0.58-15.15)
Sepsis

No 118 (48.76) 124 (51.24) 1 1

Yes 136 (83.95) 26 (16.05) 5.49 (3.37-8.97) 2.43 (1.08-5.46) *
Readmission

No 200 (58.48) 142 (41.52) 1 1

Yes 54 (87.1) 8(12.9) 4.79 (2.21-10.38) 2.84(0.88-9.12)

Intubation time

Working day, daytime 94 (54.02) 80 (45.98) 1 1
Working day, nighttime 92 (67.15) 45 (32.85) 1.74 (1.09-2.77) 1.41 (0.64-3.10)
Weekend, daytime 43 (68.25) 20 (31.75) 1.83 (0.99 3.36) 2.16 (0.77-6.08)
Weekend, nighttime 25 (83.33) 5(16.67) 4.26 (1.56-11.63) 3.41 (0.79-14.55)
Reintubation

No 186 (58.49) 132 (41.51) 1 1

Yes 68 (79.07) 18 (20.93) 2.68 (1.52-4.72) 2.76 (1.06-7.21)*
Initial ventilator mode

Frontiers in Medicine 48

(Continued)

frontiersin.org


https://doi.org/10.3389/fmed.2024.1345468
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Tadesse et al.

TABLE 4 (Continued)
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Variables Mortality status COR (95% Cl) AOR (95% ClI)

Survived

n (%)

PC/AC 107 (56.91) 81 (43.09) 1 1
VC/AC 112 (71.34) 45 (28.66) 1.88 (1.20-2.96) 1.13 (0.53-2.40)
SIMV 23 (52.27) 21 (47.73) 0.83 (0.43-1.60) 1.12 (0.35-3.55)
CPAP 12 (80) 3(20) 3.03 (0.83-11.08) 2.54(0.27-24.26)
Initial FIO2 100% (IQR: 60-100) 0.99 (0.98-1.00) 0.99 (0.98-1.01)
Initial PEEP 6 (IQR: 5-8) 0.90 (0.81-0.99) 1.05 (0.88-1.24)
Required hemodialysis
No 177 (56.73) 135 (43.27) 1 1
Yes 77 (83.70) 15 (16.30) 3.92 (2.16-7.11) 2.90 (0.72-11.65)
Sedation use
No 92 (79.31) 24 (20.69) 1 1
Yes 162 (56.25) 126 (43.75) 0.34 (0.20-0.56) 0.41 (0.18-0.98) *
Vasopressor use
No 113 (49.13) 117 (50.87) 1 1
Yes 141 (81.03) 33 (18.97) 4.42 (2.80-6.99) 1.64 (0.61-4.38)

*Statistically significant at p <0.05; 1, reference; FI02, fraction of inspired oxygen; PEEP, positive end expiratory pressure; SIMV, synchronized intermittent mandatory ventilation; CPAP,
continuous positive airway pressure; VC/AC, volume controlled assisted control; PC/AC, pressure controlled assisted control; MODS, multiple organ dysfunction syndrome; GCS, Glasgow

Coma Scale; IQR, interquartile range; COR, crude odds ratio; AOR, adjusted odds ratio.

TABLE 5 Hosmer—Lemeshow goodness-of-fit test for the multivariable
logistic regression analysis of factors associated with the mortality of
mechanically ventilated patients in adult ICUs of referral hospitals in
Northwest Amhara, Ethiopia, 2023 (n = 404).

Number of observations 404
Number of groups 10
Hosmer-Lemeshow chi2 (8) 7.82
Prob>chi2 0.4510

(16). Since both studies are conducted in peripheral hospitals with
limited resources, the possible justification for this similarity could
be due to the similar demography and socio-economic status of the
study settings (56). It was also in line with a study in Cairo, Egypt
(64%) (18).

This study revealed that age, presence of sepsis, sedation use, and
reintubation were factors significantly associated with the mortality of
mechanically ventilated patients in the ICU. Those in the 41-70years
age group had 4.3 times higher odds of mortality than those in the
18-40years age group. This finding was consistent with previous
studies conducted in India (34), Brazil (24), Kenya (16), Taiwan (25),
Argentina (35), Addis Ababa, Ethiopia (31), and Mekelle, Ethiopia
(21). This could be because older patients are more likely to experience
acute respiratory failure, especially those over the age of 65 years (58),
or due to declining physiologic reserve and function across multiple
organ systems, which increases vulnerability to unfavorable health
outcomes (59). Apart from this, it can also be related to a higher
comorbidity burden among advanced-age patients (60).

According to our study, sepsis was also found to be a significant
factor associated with the mortality of mechanically ventilated patients
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in ICUs. Patients who had sepsis had 2.43 times greater odds of
mortality than those without sepsis. This finding was corroborated by
the studies previously conducted in Argentina (35) and southern Brazil
(32). The first reason could be that sepsis is a common cause of lung
injury and increases lung susceptibility to ventilator-induced lung
injury. Despite this fact, the specifics of the management of sepsis-
induced lung injury are largely unknown (61). Second, ARDS is a
devastating complication of severe sepsis, which is responsible for high
mortality (62). Third, in addition to signs of infection, a host’s response
to an infection manifests with acute organ dysfunction, and this
dysfunction can lead to multiple organ failure, acidosis, and death.
Furthermore, sepsis can progress to its subset, septic shock, in which
underlying circulatory, cellular, and metabolic abnormalities are
profound enough to substantially increase the risk of mortality (63).
Last but not least, the lack of sepsis assessment scales, such as quick
sepsis-related organ failure assessment (QSOFA) and SOFA in our study
settings, could also be a reason for this finding.

Reintubation was also another factor found to be significantly
associated with the mortality of mechanically ventilated patients in
ICUs. Patients who were reintubated had 2.8 times higher mortality
odds than their non-reintubated counterparts. This result was in
agreement with studies conducted in Egypt (14), Korea (64), the USA
(65), and Brazil (66). This could be justified scientifically, as evidence
from the SRMA (67) study revealed that reintubation increases the
risk of acquiring VAP, which in turn increases the risk of mortality.
Since intubation is an invasive procedure, we cannot deny that the
repetitive action of this procedure will end up increasing the risk of
intubation failure and complications such as VAP. The other possible
reason might be unplanned extubation; the most common cause of
reintubation was associated with more prolonged MV duration and
ICU stays (64). The high reintubation rate in our study setting, which
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TABLE 6 Results of multicollinearity test for factors associated with the

mortality of mechanically ventilated patients in adult ICUs of referral

hospitals in Northwest Amhara, Ethiopia, 2023 (n = 404).

Variable Vif 1/Vif

Presence of comorbidity 5.39 0.185691
Respiratory failure 5.20 0.192342
MODS 4.84 0.206509
Cardiovascular failure 4.47 0.223793
Renal failure 4.34 0.230652
Duration of ventilation 3.75 0.266398
Neurologic failure 3.74 0.267292
Length of stay in ICU 3.33 0.300013
Oxygen saturation at initiation of MV &15 0.317129
Required hemodialysis 3.15 0.317955
Presence of organ failure 3.05 0.328366
Vasopressor use 2.67 0.374532
GCS at ICU admission 2.30 0.434746
HIV/AIDS 2.25 0.445293
Indication for MV 2.19 0.456595
Chronic kidney disease 2.18 0.457992
Hypertension 2.08 0.480453
Diabetes mellitus 2.03 0.492034
Main admission diagnosis 2.01 0.497492
Asthma 1.99 0.503646
Respiratory rate at initiation of MV 1.98 0.505784
Hematologic failure 1.85 0.539547
Baseline hemoglobin level 1.79 0.558254
Age of the patient 1.79 0.558537
Blood pressure at initiation of MV 1.76 0.568677
Congestive heart failure 1.74 0.573772
Presence of sepsis 1.71 0.584657
Reintubation 1.62 0.618082
Infectious failure 1.61 0.620387
Stroke 1.59 0.628897
Sedative use 1.57 0.635789
Airway access 1.55 0.643840
COPD 1.46 0.684478
Baseline serum albumin level 1.44 0.694144
Extubation time 1.38 0.725461
Initial PEEP 1.37 0.729806
Heart rate at initiation of MV 1.35 0.740303
Initial mode of ventilation 1.29 0.777353
Readmission 1.26 0.795441
Sex of the patient 1.25 0.801868
Temperature at the initiation of MV 1.24 0.805046
Hepatic failure 1.23 0.813025
Residence 1.23 0.815161
Intubation time 1.22 0.817741
Mean Vif 2.28
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in turn might be caused by the lack of a well-established comprehensive
extubation protocol, could also be the reason.

According to this study, sedation use was revealed as an
important factor significantly associated with the mortality of
mechanically ventilated patients. The odds of mortality among
patients who used sedation decreased by 59% compared to those
who were not sedated. This finding is supported by a previous
study conducted in Ethiopia (20). This might be because if agitated
patients do not get sedated, they might extubate themselves, fight
against restraints, and increase the risk of injury. The work of
breathing also increases, thereby standing against the main goal of
MYV and delaying recovery. Wise use of sedation guided by the
Richmond Agitation-Sedation Scale assists in the control of
sedation, which favors patient care and recovery as well as guides
nurses’ decision-making (68). Contrary to this, a study in Egypt
(14) showed that patients who used sedatives for 24 h or more had
higher odds of mortality than those who did not. This might
be due to the intensity of the sedation. Sedation intensity
independently, in an ascending relationship, predicted an
increased risk of death, delirium, and delayed time to extubation
(69). The deeper the patient is sedated, the higher the risk of death
and delayed extubation. Many researchers concur that keeping
sedation levels equivalent to the Richmond Agitation Sedation
Scale, 0, is a clinically desirable goal. They suggest adequately
sedating mechanically ventilated patients while balancing against
the known negative consequences of excessive sedation (70-73).

Limitations of the study

Since secondary data review was used, socio-economic,
personal, nutritional status, and other socio-demographic
characteristics were not explicitly included in this study. The effects
of some important predictor parameters of mortality, such as
APACHE, SOFA, and qSOFA, were not determined due to the
inapplicability of the scores.

Conclusion

The overall magnitude of mortality in mechanically ventilated
patients was high. The main factors associated with increased mortality
were advanced age, sepsis, and reintubation history. Hence, special
attention to the elderly, patients with sepsis, and reintubated patients
could minimize mortality. However, sedation use was found to
be associated with decreased mortality odds. In order to calculate and
utilize severity scores in the ICU, we recommend having investigation
materials such as arterial blood gas analysis in these hospitals.
Strengthening the use of sedation scales such as the Richmond agitation
sedation scale for MV patients is recommended, and it is better to set
a well-established systematic and comprehensive extubation protocol
to decrease mortality of mechanically ventilated patients.
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Introduction: Cervical cancer is a prevalent cancer among women in low and
middle-income countries, but it can be largely prevented through screening
programs and HPV vaccination. This study aimed to determine the level of
knowledge, attitudes, and practices regarding cervical cancer screening among
healthcare providers in Sub-Saharan African countries.

Methods: Systematic review and meta-analysis were conducted according to
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
guidelines. Relevant databases including PubMed, Cochrane Library, AJOL,
Google Scholar, and ScienceDirect databases were used to retrieve and search
articles. The study included published and unpublished research written in
English between January 2013 and May 16, 2024 for studies reporting
knowledge, attitude, and practice towards cervical cancer screening among
healthcare providers in Sub-Saharan Africa. This review has been registered on
PROSPERO. The heterogeneity of the data was evaluated using the I? statistic. A
meta-analysis was conducted using STATA 17 software, with a 95% confidence
interval. The researchers also conducted publication bias and sensitivity analysis.

Abbreviations: CIl, Confidence interval; HPV, Human Papilloma Virus Infection; OR, Odds Ratio; PRISMA,
Preferred Reporting Items for Systematic Review and Meta-Analysis; VIA, Visual Inspection with Acetic acid;
VILI, Visual Inspection Lugol’s Iodine.
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Results: The review included 30 studies involving 7542 healthcare providers. The
pooled magnitude of good knowledge status towards cervical cancer was 67.93%
(95% CI: 53.36—82.50) whereas the pooled magnitude of positive attitude towards
cervical cancer was 55.26% (95% Cl: 34.28— 76.23). The resullts also showed that about
49.68% (95% Cl: 33.18-66.17) of healthcare providers had good knowledge status
about cervical cancer screening, 66.63%(95% Cl: 50.36— 82.89) had a positive attitude
towards it, and only 17.23% (95% Cl; 6.08-28.37) had ever screened for cervical cancer.

Conclusion: The overall magnitude of knowledge and attitude of healthcare
providers in Sub-Saharan Africa towards cervical cancer and its screening was
suboptimal. Furthermore, a low percentage of female healthcare providers in the
region had undergone screening for cervical cancer. As a result, policymakers and
program administrators should focus on improving the knowledge, attitude, and
practices of healthcare providers to meet the global health goal of cervical cancer
screening and effectively eliminating cervical cancer. Healthcare providers must
serve as role models for other women who should also undergo screening.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier CRD42023495241.

KEYWORDS

cervical cancer screening, healthcare provider, knowledge, attitude, practice, sub-

Saharan Africa

Introduction

Cervical cancer is the fourth most prevalent cancer among
women on a global scale, comprising approximately 604,000 new
cases and leading to 342,000 deaths worldwide (1). The majority of
deaths from cervical cancer occur in underdeveloped or developing
countries, accounting for about 85% of the total. In low-income and
middle-income countries, the death rate from cervical cancer is 18
times higher compared to wealthier countries (2). The number of
new cases and deaths from cervical cancer in sub-Saharan Africa is
expected to increase over the next 20 years starting from 2013 (3).
In comparison, Northern Africa has made significant progress in
reducing the occurrence and death rate of cervical cancer, making it
the region with the lowest rates in Africa (4).

The risk factors for cervical cancer consist of human
papillomavirus infection (HPV), having multiple sexual partners,
starting sexual activity at a young age, giving birth to multiple
children, having a low socioeconomic status, and smoking tobacco
(5-7). Around 70% of cervical cancer cases can be attributed to
HPYV types 16 and 18 (8). HPV disrupts the normal activity of cells,
causing noticeable alterations in the epithelial cells located in the
transformation zone of the cervix (9). It is the most common
sexually transmitted infection globally. It is most frequently found
in teenage and young adult women, which aligns with the timing of
their first sexual experiences (10).

This cancerous disease takes a long time to develop into
malignant tumors, with the presence of precancerous lesions
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indicating the ongoing infection (11). It takes between 10 to 15
years for cervical cancer to develop (12). Cervical cancer is a fatal
illness when it becomes invasive, but it can be prevented through
effective screening programs by identifying and treating
premalignant lesions (13). Although vaccines can provide
significant protection against HPV for women who have never
been exposed to the virus, such as young girls and teenagers, those
who have previously been vaccinated will still need to undergo
cervical cancer screening later in life to protect against other strains
of HPV not included in the vaccines (14). There are several methods
for cervical screening, including Pap smear test, HPV DNA test,
visual inspection with acetic acid (VIA), or visual inspection with
Lugol’s iodine (VILI) (15-19). Properly identifying precancerous
lesions and HPV infection through cervical cancer screening
methods could significantly decrease cervical cancer deaths (20).
The World Health Assembly has adopted the Global Strategy
for eliminating cervical cancer, aiming to achieve it by 2030. This
strategy includes three global targets known as 90-70-90, which aim
to have 90% of girls vaccinated against HPV by the age of 15, screen
70% of women aged 35-45, and provide treatment to 90% of women
diagnosed with cervical disease (21). This strategy aims to eradicate
cervical cancer as a major public health issue worldwide, with a goal
of reducing the incidence rate to below 4 cases per 100,000 women
per year. A global plan to eliminate cervical cancer by 2030 in low-
and lower-middle-income countries is projected to reduce the
incidence rate by 42% by 2045 and 97% by 2120, preventing over
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74 million new cases. Additionally, it is estimated that 300,000
cervical cancer deaths will be prevented by 2030, with over 62
million deaths averted by 2120 (21). The World Health
Organization recommends that women in the general population
begin cervical cancer screening at age 30. However, women with
HIV should be screened more often (every 3 to 5 years) due to their
significantly higher risk of developing cervical cancer. For women
who receive negative results on VIA or cytology tests, it is
recommended to undergo regular screening every three to five
years. In women who test negative on an HPV test, rescreening
should be done after a minimum interval of five years (22).
Healthcare providers are vital in educating people about the risk
factors and prevention of cervical cancer, raising awareness to
implement effective screening programs and decrease the number
of cases. They are influential in encouraging individuals to seek care
and have the expertise to educate them on the disease, its causes,
risk factors, and screening options, ultimately impacting their
screening behavior (23).

Globally, a substantial 40.0% of women were not aware that HPV
is responsible for over 95 percent of cervical cancer cases. Among
those uninformed about the HPV-cervical cancer link, a notable
39.1% had refrained from undergoing cervical cancer screening,
surpassing the global average of 31.2% (1). Furthermore, 31.2% of
individuals worldwide have never undergone cervical cancer
screening. A large percentage (39.1%) of women who are unaware
of the link between HPV and cervical cancer have never been screened
for the disease, which is higher than the worldwide average (1).
Specifically, Saudi Arabia (55.8%) and Serbia (36.5%) have the highest
percentages of women who have never undergone cervical cancer
screening. This discrepancy highlights an awareness gap that
influences cervical cancer screening rates (1).

However, not all women undergo cervical cancer screening,
with the highest risk being among those who have never been
screened for cervical cancer till their diagnosis. Additionally,
women without health insurance and recent immigrants are less
likely to receive cervical cancer screening (24, 25). The rate at which
individuals participate in cervical cancer screening can differ based
on their understanding of the disease and screening options, as well
as other factors like personal opinions, beliefs, attitudes, cultural
influences, and the attitude of their partner (26). Previous studies in
sub-Saharan Africa have shown that women face numerous
obstacles in accessing cervical cancer screening services, including
delayed diagnosis, weak health systems, limited funding, lack of
information, high costs, societal and cultural beliefs, low awareness,
and lack of clear government policies (27-29).

Around 90% of health workers in Turkey had positive attitudes
toward cancer screening tests whereas practice-level screening
methods were low, with only 4.2% performing pap smears (30).
About 74.6% of women in South India had heard about cervical
cancer whereas 76.9% knew about screening methods (31). More
than half of the women (62.5%) have a positive attitude towards
screening. More than three-fourths of women (349; 86.6%) do not
have practice toward cervical cancer screening (31). A recent study
conducted in Libya found that healthcare providers in health
facilities were not adequately informing women about cervical
cancer screening (32).
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Although there were several studies conducted regarding
knowledge, attitudes, and practice level towards cervical cancer
screening among healthcare providers in Sub-Saharan Africa, there
is a lack of consistent evidence regarding these healthcare providers’
knowledge, attitudes, and practices. The magnitude of good
knowledge, positive attitudes, and ever been practices regarding
cervical cancer screening among healthcare providers in Sub-
Saharan Africa varies significantly, with rates ranging from as low
as 4.89% (33) to as high as 97.4% (34) for knowledge, 30.7% (35) to
97.4% (34) for attitudes, and 8.7% (35) to 72.6% (36) ever screened
for cervical cancer. Thus, this review aimed to assess knowledge,
attitudes, and practices related to cervical cancer screening among
healthcare providers in Sub-Saharan Africa. It is crucial to regularly
evaluate and address any gaps in their knowledge as having
sufficient knowledge is vital for fostering positive attitudes and
effective practices. Healthcare professionals are seen as examples to
others and have the responsibility to educate the communities they
work with about cervical cancer (37). The results of this study will
be utilized by policymakers and program planners to enhance and
assess cervical cancer screening services and strategies. The study
also will provide baseline information for the future.

Materials and methods
Information sources and search strategy

Relevant databases include PubMed, Cochrane Library, AJOL,
Google Scholar, and Science Direct. We searched articles from
January 2013 and May 16, 2024, that were published in peer-
reviewed journals or filed as completed dissertations with
observational study design. We used a search strategy by
combining the following key terms: knowledge, attitude, practice,
cervical cancer, uterine cervical neoplasms, cervical cancer
screening, health care provider, health professional, health
personnel, health care workers, and Sub-Saharan Africa. We used
both free texts, OR, AND, Boolean, and Medical subject heading
[MeSH]terms in our search. Also, Gray literature of observational
studies and official websites of international and local organizations
and universities were searched. The study protocol was registered
on PROSPERO, with the registration number CRD42023495241.

Study inclusion and exclusion criteria

This study included English-language research articles and
doctoral dissertations conducted in Sub-Saharan Africa between
January 2013 and May 16, 2024. The focus was on cross-sectional
studies that examined the knowledge, attitude, and practice of
healthcare providers toward cervical cancer screening. Only
studies published in peer-reviewed journals or completed
dissertations were considered. Our review included studies which
assessed the knowledge, attitudes, and practices of various
healthcare providers in sub-Saharan Africa towards cervical
cancer screening, including physicians, nurses, midwives,
anesthetists, pharmacy professionals, optometry professionals,
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laboratory professionals, dentistry professionals, public health
officers, and health extension workers. Studies that did not assess
the knowledge, attitude, and practice of health care providers
towards cervical cancer screening, as well as those conducted
outside of Sub-Saharan Africa or not involving health
professionals, were excluded. This study excluded case reports,
case series, earlier reviews, and qualitative studies on cervical
cancer screening uptake. Moreover, articles that were not fully
accessible were excluded after attempting to contact the authors
via email at least twice.

Data extraction and data
quality assessment

After searching in relevant databases, the study was imported into
Endnote version 20.6 and duplicates were removed. Then, three
reviewers (AMD, EKB, and TFA) assessed the title and abstract to
determine the eligibility of the article for full-text review. The full
texts of the remaining papers were downloaded for further analysis,
and full-text reviews were conducted. Finally, after applying inclusion
and exclusion criteria, eligible studies were exported to Microsoft
Excel version 2019 using a standardized data extraction checklist.
Data were extracted using a standardized data extraction spreadsheet
format prepared in Microsoft Excel. The data abstraction format
includes the author/s name, year of publication, study area, study
design, sample size, prevalence of knowledge, prevalence of attitude,
and prevalence of cervical cancer practice.

The data quality was assessed using Joanna Briggs Institute’s
(JBT’s) critical appraisal checklist for those included studies. Three
authors (ETF, DE, and MGT) independently assessed the quality of
each article. Whenever necessary, another reviewer (AAT) was
involved and any discrepancy was resolved through discussion
and consensus. In conclusion, studies that scored 6 or higher out
of 9 were classified as being of high quality (38). The studies
included in the analysis had quality scores ranging from 6 to 9.
Besides, studies that had methodological flaws, incomplete
reporting of results; or those for which full text was not available
were excluded from the final analysis. Study researchers made two
separate attempts to contact article authors whenever additional
study information was needed (Table 1).

Data processing and analysis

Data from Microsoft Excel was transferred to STATA software
version 17 for further statistical analysis. The heterogeneity of the
study results was evaluated using Cochrane’s Q statistics, and I*
statistics (39). The results were presented using a forest plot, tables,
and graphs. The test results showed significant heterogeneity, so we
used a random-effect meta-analysis model to determine the overall
knowledge status, attitude, and practice level. Subgroup analyses
were conducted based on geographical region to address the
possible source of heterogeneity. We also employed various
statistical tests, including funnel plot asymmetry, Egger’s test, and
Begg’s test, to examine the presence of publication bias (40). Visual
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TABLE 1 Methodological quality assessment of included studies using the JBI critical appraisal checklist for prevalence studies.
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Author Was the sample Were study Was the Were the study Was the data Were valid Was the WES Was the Total score

frame appropriate = participants sample subjects and the  analysis methods used for  condition appropriate response rate
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the target appropriately? described sufficient of the condition? standard, analysis used? not, was the low

population? in detail? coverage of the reliable way response rate

identified sample? for all managed
participants? appropriately?

Ziwu, R Yes Yes Yes Yes Yes Yes No Yes Yes 8
Niyonzimaj, P Yes Yes Yes Yes Yes Yes No Yes Yes 8
Shayo F Yes Yes Yes Yes Yes Yes No Yes Yes 8
Ndizeye, Z Yes Yes Yes Yes Yes No Yes Yes Yes 8
Ifemelumma, CC Yes Yes No No Yes No No Yes Yes 7
Getahun, F Yes Yes No Yes Yes Yes No Yes Yes 7
Mwale, S Yes Yes Yes Yes Yes Yes No Yes Yes 8
Ogunsuyi, G Yes Yes Yes Yes Yes No No Yes Yes 7
Odenusi, AO Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Omotunde O. Yes Yes Yes Yes Yes No No Yes Yes 7
Ararsa, T Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Obol, | Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Melese B Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Olarinoye, AO Yes Yes Yes No Yes No No Yes Yes 6
Theophil, T Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Abebaw, E. Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Logbo-Akey, K Yes Yes Yes No Yes No No Yes Yes 6
Chitha, W Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Jegede S Yes Yes Yes Yes Yes No No Yes Yes 7
Berhanu, T Yes Yes Yes No Yes Yes Yes Yes Yes 8
Mathivha, L Yes Yes Yes Yes Yes Yes Yes Yes Yes 9
Nyaaba, | Yes Yes Yes Yes Yes Yes Yes Yes Yes 9

Operational definition

Knowledge: Refers to health care providers’ awareness towards cervical cancer screening in Sub-Saharan Africa.

Attitude: Refers to the way of thinking or feeling of health care providers towards cervical cancer screening.

Practice (P). Refers to every screening status of female health care workers for cervical cancer.

Healthcare Providers: All healthcare workers in Sub-Saharan Africa (physicians, Nurses, Midwives, Anesthetists, Pharmacy professionals, Optometry professionals, Laboratory professionals, Dentistry professionals, Public health officers, and health extension workers).
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inspection of funnel plots can help identify publication bias, but it is
not enough to rely solely on subjective interpretations (41). It is
recommended to use additional statistical tests, such as Egger’s test
(42) and Begg’s test (43), to more accurately assess the presence and
severity of publication bias. Both meta-regression and,
nonparametric trim and fill analysis were carried out to detect the
source of publication bias and to adjust the pooled magnitude of
attitude and practice of health providers respectively. The
researchers also conducted sensitivity analyses to determine how
each study affected the overall findings on knowledge, attitude, and
practice toward cervical cancer screening. They did this by
excluding one study at a time.

Results
Selection of eligible studies
This systematic review and meta-analysis have been reported by

the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statements. Initially, 1264 articles related to

10.3389/fonc.2024.1436095

knowledge, attitude, and practice towards cervical cancer screening
were found. Of these, 935 duplicates and 281 articles by title and
abstract were removed. After a thorough review, 18 articles were
deemed irrelevant and excluded from the analysis. Ultimately, 30
articles were found to be suitable for the review and were included
in the analysis (Figure 1).

Characteristics of included studies

A total of 30 studies with a total sample of 7542 healthcare
providers were included in this systematic review and meta-
analysis. All the studies in this review were conducted using a
cross-sectional study design and were published between 2013 and
2023. Among the 30 studies included, 14 were carried out in Eastern
Africa (35, 44-56), 12 studies in Western Africa (23, 34, 57-66), and
4 studies in Southern Africa (67-70). Out of the total number of
studies, 7 included both male and female participants (45, 51, 52, 54,
67, 69, 71), while 23 studies only included female healthcare
Providers. The pooled magnitude of knowledge status towards
cervical cancer screening was determined using 15 studies (34, 35,

=8)

Identification

Records identified on database searching (n =
1264; Google scholar =978, Cochrane library
=9, AJOL = 198, PubMed = 71, grey literature

935 articles excluded

because of duplication

Screening screened (n=329)

Records title or abstract

261 articles were excluded
because they were out of

interest

Full text assessed for
eligibility (n=48)

Eligibility

Articles excluded with reason (n= 18)

v 8articles included
participation from other staff

members and health science
students, not just healthcare

Included Studies included in

systematic review (n= 30)

providers.

7 articles were case reports
3 articles were not full-text
available

FIGURE 1

PRISMA flow diagram of knowledge, attitude and practice towards cervical cancer screening among health care providers in Sub-Saharan

Africa, 2023
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46-50, 52, 59-61, 64-66, 69), while the pooled magnitude of
attitude towards cervical cancer screening was assessed using 9
studies (34, 35, 47-50, 64, 66, 67). Additionally, 23 studies (23, 34,
35, 45-49, 53-60, 62, 64-66, 68-70) were used to assess the pooled
magnitude of practice to ever screened status towards cervical
cancer among female healthcare providers in Sub-Saharan Africa.
Two studies (51, 71) did not provide the pooled results but instead
reported on knowledge status regarding various screening methods
such as pap smear, VIA, VILI, colposcopy, and HPV DNA test. Out
of the total studies reviewed, 9 were unpublished (46, 49, 52, 53, 56,
58, 64, 67, 70) and the remaining 21 of them were published
research (Table 2).

10.3389/fonc.2024.1436095

Pooled magnitude of knowledge and
attitude status of health care providers
towards cervical cancer

This study assessed the level of knowledge and attitude toward
cervical cancer among healthcare providers in Sub-Saharan Africa.
Accordingly, the pooled level of good knowledge status about cervical
cancer based on 9 included studies (48, 52-55, 57, 59, 60, 71) in Sub-
Saharan Africa was 67.93% (95% CI: 53.36-82.50) (Figure 2).
Moreover, the pooled magnitude of positive attitude of health care
providers towards cervical cancer based on 2 included studies (52, 54)
in Sub-Saharan Africa was 55.26% (95% CI: 34.28- 76.23) (Figure 3).

TABLE 2 Characteristics of the included studies in meta analysis for knowledge, attitude and practice of healthcare providers towards cervical cancer
screening in Sub Saharan Africa, 2023.

Sn  Author Year Country  Study Study SS Knowledge Attitude @SS Practice
Design Population For (ever
practice | screened)

1. Oche, MO 2013 Nigeria CS FHCW 220 NA NA 220 10

2. Ugwu, E. O. 2013 Nigeria CS FHCW 177 91 NA 177 14.1

3. Anyebe, EE 2014 Nigeria CS Female nurses 117 97.4 97.4 117 15

4. Kieti, S 2016 Kenya CS FHCW 114 90.35 NA 114 56

5. Gebreegziabher, 2016 Ethiopia CS Female nurses 225 4.89 63.11 225 10.7

M

6. ADDISSIE, A 2016 Ethiopia Cs FHCW 417 15.9 NA NA NA

7. Aseres, T 2017 Ethiopia CS FHCW 322 NA NA 322 18.3

8. Dulla, D 2017 Ethiopia CS FHCW 367 NA NA 367 114

9. Ziwu, R 2017 Ghana CS FHCW 171 NA NA 171 16.47

10. Niyonzima], P 2018 Rwanda CS Nurses 527 NA NA 464 329
& midwives

11. Shayo F 2018 Namibia CS doctors 151 NA 93.4 NA NA
& Nurses

12. Ndizeye, Z 2018 Burundi CS general 131 NA NA NA NA
practitioners

13. Ifemelumma, CC | 2019 Nigeria CS female nurses 388 NA NA 388 20.6

14. Getahun, F 2019 Ethiopia CS HCW 309 NA NA NA NA

15. MWALE, S 2020 Zambia CS female nurses 50 NA NA 50 25

16. Ogunsuyi, G 2020 Nigeria CS PHCW 192 13 NA 192 NA

17. Odenusi, AO 2020 Nigeria CS FHCW 261 98.4 NA 261 23.2

18. Omotunde O 2020 Nigeria CS Female nurses 407 58.8 484 407 233

19. Ararsa, T 2021 Ethiopia CS urban HEW 312 48.4 46.8 NA NA

20. Obol, | 2021 Uganda CS HCW 286 NA NA 188 75

21. Melese B 2021 Ethiopia CS FHCW 258 21 98.1 258 14.7

22. Olarinoye, AO 2021 Nigeria CS FHCW 348 30.2 NA 348 204

23. Theophil, T 2022 Tanzania CS female doctors 221 NA NA 221 299
& nurses
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TABLE 2 Continued

Sn Author

Country

Study

Population For

10.3389/fonc.2024.1436095

Attitude SS Practice
(ever

screened)

Knowledge

practice

24. Abebaw, E. 2022 Ethiopia CS FHCW 404 43.8 30.7 404 8.7
25. Logbo-Akey, K 2022 Togo CS Midwives 50 NA NA 50 NA
26. Chitha, W 2023 South Africa ~ CS Nurses 119 20.8 NA 106 72.6
27. Jegede S 2019 Nigeria CS FHCW 176 62.4 69.6 176 40
28. Berhanu, T 2019 Ethiopia Cs HEW 291 485 51.5 291 54
29. Mathivha, L 2023 South Africa  CS female nurses 264 NA NA 264 83
30. Nyaaba, | 2023 Ghana CS FHCW 267 NA NA 267 35.11

FHCW, Female Health Care Workers; CS, Cross-sectional; HCW, Health Care Workers; HEW, Health Extension Workers; NA, Not Available; PHCW, Primary Health Care Workers; SS,

Sample Size.

Proportion(%) Weight
Study ID with 95% CI (%)
ADDISSIE, A E - o 36.90[32.27, 41.53] 11.13
Olarinoye, AO B 39.90[34.76, 45.04] 11.10
Berhanu, T = 48.50 [ 42.76, 54.24] 11.07
Obol, J - 60.00 [ 54.32, 65.68] 11.07
Ndizeye, Z —— 76.30 [ 69.02, 83.58] 10.95
Theophil, T E 81.40[76.27, 86.53] 11.10
Odenusi, AO B N 82.40[77.78, 87.02] 11.13
Dulla, D - 3 86.90 [ 83.45, 90.35] 11.19
Oche, MO B98.60 [ 97.05, 100.00] 11.25
Overall el 67.93[53.36, 82.50]
Heterogeneity: 1° = 490.47, I’ = 99.15%, H’ = 117.85
Test of 8 = 6;: Q(8) = 1242.72, p <0.001
Testof 6 =0:z=9.14, p < 0.001

40 60 80 100

Random-effects REML model

FIGURE 2

Overall magnitude of goods knowledge status of healthcare providers towards cervical cancer in Sub-Saharan Africa, 2023.

Overall knowledge status of health care
providers regarding causes, risk factors,
signs and symptoms, outcomes, and
prevention methods of cervical cancer

Healthcare providers have a good knowledge status of 42.51%
regarding the causes of cervical cancer, 73.51% regarding the risk
factors, 76.85% regarding the symptoms, 81.7% regarding the
outcomes, and 72.75% regarding the prevention methods (Figure 4).

Knowledge status of health care providers
towards risk factors of cervical cancer
About 66.38%, 52.47%, 52.06% and 50.46% of healthcare

providers know HPV infection, HIV, early sexual intercourse, and
STI mention as a risk factor for cervical cancer respectively. In

Frontiers in Oncology

contrast, about 1.98% do not mention any of the risk
factors (Figure 5).

Knowledge status of health care providers
regarding signs and symptoms of
cervical cancer

Around 65.56%, 60.99%, 56.93%, and 54.55% of healthcare
providers were aware of postcoital bleeding, abnormal
menstruation, bleeding during sexual intercourse, and foul-
smelling vaginal discharge as potential signs and symptoms of
cervical cancer. Less than half of healthcare providers are
knowledgeable about certain symptoms and conditions, such as
painful sexual intercourse (47.5%), postmenopausal bleeding
(41.73%), pelvic or back pain (39.16%), and contact bleeding
(23.96%). A small percentage (4.62%) do not know any of the
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Overall magnitude of positive attitude status of healthcare providers towards cervical cancer in Sub-Saharan African, 2023.

signs and symptoms, while an even smaller percentage (2.3%) are

unaware of weight loss as a potential symptom (Figure 6).

The overall magnitude of knowledge,
attitude, and practice status toward
cervical cancer screening

This study assessed knowledge status, attitude, and practice
toward cervical cancer screening among healthcare providers in
Sub-Saharan Africa. The pooled level of good knowledge towards
cervical cancer screening was 49.68% (95% CI: 33.18-66.17)
(Figure 7) whereas the pooled magnitude of positive attitude
toward cervical cancer screening among healthcare providers in
Sub-Saharan Africa was 66.63% (95% CI: 50.36- 82.89) (Figure 8).
On the other hand, the pooled magnitude of ever screened for

cervical cancer among female healthcare providers in Sub-Saharan
Africa was 30.78% (95% CI: 21.69-39.88) (Figure 9). Since this
result had a significant publication bias, the true pooled magnitude
of female healthcare providers ever screened for cervical cancer was
found to be 17.23% (95% CI; 6.08-28.37) after accounting for
publication bias through trim and fill analysis.

Subgroup analysis

Subgroup analysis was carried out based on geographical regions.
Accordingly, the pooled magnitude of knowledge status towards
cervical cancer screening among healthcare providers was 38.92%
(95% CI: 17.83- 60.01) in East Africa, 64.50%(95% CI: 39.54-89.47)
in Western Africa, and 20.80%(95% CI: 13.51- 28.09) in Southern
Africa respectively (Figure 10). Similarly, the pooled magnitude of
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positive attitudes toward cervical cancer screening among healthcare  magnitude of healthcare providers ever screened for cervical cancer
providers was 58.11%(95% CI: 35.85- 80.36) in East Africa, 71.86%  was 31.00%(95% CI: 16.71- 45.30) in East Africa, 21.64%(95% CI:
(95% CI: 43.93-99.80) in Western Africa, and 93.40%(95% CI: 89.44—-  16.01-27.27) in Western Africa, and 60.54%(95% CI: 25.80- 95.28) in
97.36) in Southern Africa respectively (Figure 11). Besides, the pooled  Southern Africa respectively (Figure 12).

o |
[ce]
65.56
< 37
(2]
)
(o))
8 o
c <
(0]
2
[0
s
N
2.3
e Signs and symptoms of cervical cancer
Legend
I =bnormal menstruation I contact bleeding
I biceding during sexual intercours@ M foul smelling vaginal dischafge
I post menopausal bleeding weight loss
[ pelvic or back pain I painful sexual intercourse
[N post coital bleeding [ do not know

FIGURE 6
Bar graph for knowledge status of healthcare providers towards symptoms and signs of cervical cancer in Sub-Sahara Africa, 2023.

Frontiers in Oncology 63 frontiersin.org


https://doi.org/10.3389/fonc.2024.1436095
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

10.3389/fonc.2024.1436095

Delie et al.
Proportion(%) Weight
Study ID with 95% ClI (%)
Ugwu, E. O. B 91.00[86.78, 95.22] 6.68
Anyebe, EE B97.40 [ 94.52, 100.00] 6.69
Kieti, S - 90.35[84.93, 95.77] 6.66
Gebreegziabher, M . 489[ 2.07, 7.71] 6.69
ADDISSIE, A [ -] 15.90[12.39, 19.41] 6.69
Ogunsuyi, G £ - 3 13.00[ 8.24, 17.76] 6.67
Odenusi, AO B98.40[96.88, 99.92] 6.70
Omotunde O. - 3 58.80 [ 54.02, 63.58] 6.67
Ararsa, T L3 48.40 [ 42.85, 53.95] 6.66
Melese B - 3 21.00[ 16.03, 25.97] 6.67
Olarinoye, AO E-3 30.20[25.38, 35.02] 6.67
Abebaw, E. B 43.80[38.96, 48.64] 6.67
Chitha, W E o 20.80[13.51, 28.09] 6.62
Jegede S BB 62.40 [ 55.24, 69.56] 6.62
Berhanu, T 48.50 [ 42.76, 54.24] 6.65
Overall L 49.68[33.18, 66.17]
Heterogeneity: 7° = 1056.42, I* = 99.64%, H’ = 278.98
Test of 8, = 8;: Q(14) = 6311.77, p < 0.001
Test of 8 = 0: z = 5.90, p <0.001
0 50 100
Random-effects REML model
FIGURE 7

Overall magnitude of good knowledge status of health care providers towards cervical cancer screening in Sub-Saharan Africa, 2023

Knowledge status of healthcare providers
towards cervical cancer screening
methods and regular cervical cancer
screening interval

Around 72.02% of healthcare providers knew about pap smear
as a screening method for cervical cancer, while 46.15% were aware
of the HPV DNA test. Furthermore, approximately 41.68% knew
about both pap smear and VIA, while 35.54% were only aware of
VIA. A total of 30.18% were aware of VILI, and 23.92% knew about
either VIA or VILI as screening methods for cervical cancer

(Figure 13). The overall knowledge status towards knowing the

regular interval for cervical cancer screening was 27.34% (95% CI:
18.93- 35.76) (Figure 14).

Reasons for not being screened yet for
cervical cancer

A variety of reasons were given by respondents for not being

screened. Approximately 28.47% of respondents chose not to get

screened because they believed they were healthy. Another 27.97%
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FIGURE 8

Overall magnitude of positive attitude of healthcare providers towards cervical cancer screening in Sub-Saharan Africa, 2023
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FIGURE 9
Overall magnitude of practice to ever screened for cervical cancer screening among female healthcare providers in Sub-Saharan Africa, 2023.
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FIGURE 10
Subgroup analysis-based study area of knowledge status towards cervical cancer screening among health care providers in Sub-Sahara Africa, 2023
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FIGURE 11

Sub group analysis-based study area of attitude status towards cervical cancer screening among healthcare providers in Sub Sahara Africa, 2023.

were afraid of receiving a positive result, while 25.82% were afraid of
experiencing pain during the screening. Additionally, 24.38% cited
privacy concerns, 22.68% mentioned the cost of screening as a
deterrent, 22.28% believed they were not susceptible to the
condition being screened for, and 21.62% stated that the service
was inaccessible. On the other hand, 19.42% of respondents were
not screened due to their husband’s disapproval, 16.66% cited a lack
of time, and 16.02% expressed no interest or carelessness. Other
reasons included fear of using rusty or dirty equipment
(15.9%), being considered too old for screening (14.74%),
cultural or religious beliefs (8.22%), and fear of embarrassment
(4.29%) (Figure 15).

Publication bias assessment and
sensitivity analysis

The researchers checked for publication bias by visually
inspecting a funnel plot, as well as using statistical tests. The
funnel plot showed that the included studies were distributed
symmetrically. Moreover, both Begg’s and Egger’s tests indicated
the absence of publication bias in the knowledge status of healthcare
providers towards cervical cancer screening. The tests showed no
statistical evidence of publication bias with a p-value greater than
0.05 (P value; Eggers test=0.38, Beggs test=1.00), and the funnel plot
was symmetrical (Figure 16). On the contrary, the study found that
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there was publication bias in the data on healthcare providers’
attitudes towards cervical cancer screening. The funnel plot
revealed an uneven distribution of the studies (Figure 17). The
Egger’s test found evidence of publication bias (P value=0.04),
indicating that there may be a bias in the published studies.
However, Begg’s test (P value=0.60) suggested that there is no
publication bias regarding the attitude of healthcare providers
towards cervical cancer screening. To address this bias, the
researchers conducted a trim and fill analysis however the pooled
magnitude of attitude did not impute additional studies and
the overall magnitude of attitude did not vary from the
original findings.

We also assessed publication bias for the practice of female
healthcare providers to ever screened for cervical cancer.
Accordingly, Egger’s tests indicated the absence of publication
bias in the pooled magnitude healthcare providers ever screened
for cervical cancer (P value; Eggers test=0.10). However, Beggs tests
showed statistical evidence of publication bias with a p-value less
than 0.05(P value; Beggs test=0.04), and the funnel plot was
asymmetrical (Figure 18). To address this bias, the researchers
conducted a trim and fill analysis, which adjusted the original
pooled results of 30.80%(95% CI: 21.69-39.91). The adjusted
pooled magnitude of healthcare providers ever screened for
cervical cancer was 17.23 (95% CI; 6.08-28.37) after including
eight additional studies on the left side. This adjusted result is
considered to be a more accurate representation of the true practice
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FIGURE 12

Sub group analysis-based on study area practices to ever screen for cervical cancer among healthcare providerd in Sub Sahara Africa, 2023

of healthcare providers ever screened for cervical cancer. The result
of sensitivity analyses revealed that none of the studies included
influenced the overall estimate (Figures 19-21).

Meta-regression

Besides, trim and fill analysis for publication bias, meta-
regression analysis was performed by considering sample size and
publication year for the included studies to identify sources of bias
for the pooled prevalence. We included a total of 9 studies (34, 35,
47-50, 64, 66, 67) for attitude towards cervical cancer screening and
23 studies (23, 34, 35, 45-49, 53-60, 62, 64-66, 68-70) for the
practice of ever being screened for cervical cancer in our meta-
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regression analysis. In this analysis, the sample size was a
statistically significant source of publication bias for the pooled
magnitude of attitude status whereas publication year is the source
of publication bias for health care providers’ practice to ever screen
for cervical cancer as shown in the values from the meta-regression
analysis (Table 3).

Discussion

The World Health Assembly aimed to reduce cervical cancer
through a 90-70-90 policy, but healthcare providers in sub-Saharan
Africa had significant gaps in their knowledge, attitude, and practice
towards cervical cancer and its screening. The results of this meta-
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Bar graph for knowledge status of healthcare providers towards different cervical cancer screening methods in Sub-Sahara Africa, 2023.

analysis showed that the pooled magnitude of good knowledge
status and positive attitude of healthcare providers towards cervical
cancer was 67.93% (95% CIL: 53.36-82.50) and 55.26% (95% CI:
34.28-76.23)respectively. This implied that healthcare providers do
not have adequate knowledge and a positive attitude towards
cervical cancer. This pooled magnitude of knowledge was
consistent with 80% in Saudi Arabia (72) and 75.15% in India

(73) and it was lower as compared to 92% in Pakistan (74). On the
other hand, the pooled magnitude of positive attitudes towards
cervical cancer screening was lower as compared to 78% in Pakistan
(74). The possible explanation for these discrepancy in the
magnitude of knowledge and attitudes towards cervical cancer
could results from variations in training, workload, resource

limitations, and cultural beliefs within the specific environments

Proportion(%) Weight

Study with 95% Cl (%)
Anyebe, EE —a— 40.00 [ 31.12, 48.88] 7.34
Kieti, S - 6.00[ 1.64, 10.36] 7.83
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Mathivha, L B 18.00 [ 13.37, 22.63] 7.81
Overall - 27.34 [ 18.93, 35.76]
Heterogeneity: 1° = 230.31, I’ = 97.89%, H’ = 47.50
Test of 6, = 6;: Q(12) = 739.36, p = 0.00
Testof 6 =0:z=6.37, p=0.00
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FIGURE 14

Overall knowledge status of healthcare providers towards knowing the regular interval for cervical cancer screening in Sub-Sahara Africa, 2023.
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FIGURE 15

Bar graph indicating reasons for not screened yet for cervical cancer of healt
Africa, 2023.

being studied. These factors may contribute to the observed
differences in understanding and behaviors among individuals.
This review also found that the overall level of good knowledge,
positive attitude, and practice of cervical cancer screening among
healthcare providers was 49.68% (95% CI: 33.18-66.17), 66.3% (95%
CI: 50.36-82.89), and 30.785% (95% CI: 21.68-39.88), respectively. The
statement suggests that healthcare providers in sub-Saharan Africa
have limited knowledge, attitude, and practice towards cervical cancer

h care providers towards risk factors of cervical cancer in Sub Sahara

screening despite the fact that they are expected to serve as examples for
eligible women who should undergo such screening. The overall
magnitude of knowledge status towards cervical cancer screening was
consistent with overall knowledge of 60.4% in Egypt (75) and 56.3% in
China (76). However, it was lower as compared to 86.2% in India (73).
Moreover, the overall magnitude of positive attitude status towards
cervical cancer screening was also consistent with 53.4% in Egypt (75)
but it was lower as compared to 8547% in India (73) and 90% in
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FIGURE 16

Funnel plot assessment for knowledge status towards cervical cancer screening among healthcare providers in Sub Saharan Africa, 2023.
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Funnel plot assessment for attitude status towards cervical cancer screening among health care providers in Sub Saharan Africa, 2023.

Turkey (30). This discrepancy in healthcare providers’ knowledge and
attitude towards cervical cancer screening could be attributed to
differences in their specialization, experiences, and professional
competency levels of health professionals included in their sample.
These differences may also be influenced by variations in training and
education provided to healthcare professionals in different countries.
The limited access to screening services and lack of emphasis on
cervical cancer screening in the study location may contribute to this

discrepancy, which could be further influenced by variations in access
to screening services and information dissemination.

The findings of this study regarding the overall practice of
female healthcare providers who had been screened for cervical
cancer in Sub-Saharan Africa was consistent with 12.7% in India
(73), 26.2% in Saudi Arabia (77), and 26.6% in Sri Lankan (78).
The result was not significantly different from a systematic review
and meta-analysis conducted on women of reproductive age in
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Funnel plot assessment of practice for female healthcare providers to ever screened status towards cervical cancer screening in Sub Saharan

Africa, 2023.
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Sensitivity analysis for good knowledge status of health care providers towards cervical cancer screening among health care providers in Sub

Saharan Africa, 2023.

Sub-Saharan Africa, where the percentage was 12.87% (79). But it
was lower as compared with 42.2% in Qatar (80) and 45.2% in
south Turkey (81). This variation might be justified by the
extent of the studies and differences in the health service,
sociodemographic characteristics of study participants, and
setting and study period.

Female healthcare providers reported various reasons for not
being screened for cervical cancer, including fear of embarrassment,
fear of pain, lack of time, fear of positive outcomes, fear of privacy,

lack of availability of services, carelessness, fear of using dirty or
rusty equipment, lack of approval from their husbands, cultural and
religious beliefs, thinking they are not susceptible to the disease,
high costs, feeling healthy, and lack of access to services. This
suggests that individuals who perceive themselves as healthy often
overlook preventive services, and a lack of awareness about cervical
cancer screening contributes to low utilization of these services.
This finding was supported by a previous study conducted in India
(82) and in Korea (83).
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FIGURE 20

Sensitivity analysis for positive status of respondents towards cervical cancer screening among health care providers in Sub Saharan Africa, 2023.
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Sensitivity analysis for ever screened practice of female healthcare providers towards cervical cancer in Sub Sahara Africa, 2023.

This review also found that 72.02% of healthcare providers
know about pap smears as a way to screen for cervical cancer.
Around 46.15% are aware of the HPV DNA test as a screening
method, while 41.68% know about VIA and 35.54% know about
VILI Additionally, 30.18% are aware of both pap smears and VIA,
and 23.92% are aware of either VIA or VILI as screening methods
for cervical cancer. Healthcare providers in Sub-Saharan Africa are
more knowledgeable and experienced in using pap smears for
cervical cancer screening compared to other methods like VIA,
VILL or HPV tests. This is because pap smears have been widely
used in healthcare facilities in the region. About 27.34% of
healthcare providers were aware of the regular interval for
cervical cancer screening. this finding is low as comparable with
39% in Pakistan (74). This difference could be explained by the
variations in the sociodemographic characteristics of the study
participants and the disparities quality of training they received.

A systematic review in Sub-Saharan Africa found that the
COVID-19 pandemic has led to disruptions in cervical cancer
screening, diagnosis, and treatment services due to factors such as
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transportation limitations, staff shortages, and patients’ fears of
contracting the virus. To address these challenges, telemedicine and
virtual platforms have been utilized for patient consultations and
follow-ups during the pandemic in the region (84).

TABLE 3 Meta-regression of attitude and practice of cervical cancer
screening among health care providers in Sub Saharan Africa, 2023.

Domain Variables Coefficient LCL
Publication 8.44
1.80 4.83 0.59
Attitude year
status Sample -0.06
. 0.23 -0.39 <0.01
size used
Publication 6.55
3.84 1.14 <0.01
year
Practice
Sample -0.05 o3 "% os
size used
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Strengths and limitations of the study

The strengths of this review include being the first to examine the
knowledge, attitude, and practice of health providers in sub-Saharan
Africa regarding cervical cancer screening. Additionally, the review
followed PRISMA guidelines and incorporated both published and
unpublished research. However, a limitation of the review is that only
studies written in English were included in the review.

Conclusions and recommendation

The level of knowledge, attitude, and practice of cervical cancer
screening among healthcare providers in Sub-Saharan Africa was
suboptimal. Healthcare providers need to take an active role in
promoting women’s health and preventing disease. This involves
ensuring that healthcare professionals are knowledgeable about
cervical cancer and its screenings, as well as having a positive
outlook towards screening and being screened themselves. It is
important to educate healthcare providers about misconceptions
regarding cervical cancer screening and to increase awareness of the
availability of these services in various centers across the country. Given
the impact that their knowledge, attitude and practice can have on a
large number of clients, it is imperative that swift action be taken. This
could include providing training to participants to enhance their
understanding, influence their beliefs, and encourage more
individuals to utilize screening services. These efforts will help reduce
the occurrence of cervical cancer among high-risk women. Hence,
Policymakers as well as program implementers need to enhance the
level of knowledge, attitude status, and screening habits of healthcare
providers towards cervical cancer. Thus, healthcare providers should be
role models for all other women for those services delivered to patients.
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Background: Not everyone across the globe has access to safe surgical care.
There exist stark disparities in surgical mortality between high-income and low-
and middle-income countries. Quality perioperative care across the surgical
care continuum can mitigate these disparities. Nurses play a vital role in
providing quality perioperative care and their competency in perioperative
nursing directly impacts surgical outcomes. Across Africa, formal educational
opportunities for nurses in perioperative care is not well understood.

Methods: This is an informal scoping review of the existing literature
investigating the current state of perioperative nursing education across the
African continent. Ten articles were included in the analysis.

Results: Few programs exist across Africa that provide specialized training for
nurses in perioperative medicine. Programs that have been formally evaluated
show improved knowledge and clinical skills among nurses.

Conclusion: Greater research is necessary to establish a more robust evidence
base in support of increasing access to perioperative nursing education to
improve patient outcomes. Obstacles remain to designing, implementing, and
evaluating new educational programs.

KEYWORDS

perioperative, surgery, nursing, nursing education, Africa

1 Introduction

Access to safe surgical care is a pressing global and public health problem. It is estimated
that 4.8 billion people globally do not have access to surgical care and that at least 4.2
million people die each year within the first 30 days after surgery (I, 2). Disparities
in access to surgical care exist, with greater than 95% of the unmet needs for surgical
care found in low- and middle-income countries (LMICs) (2). Similar disparities exist in
the distribution of these deaths, with LMICs experiencing a disproportionate burden of
postoperative deaths compared to high-income countries (HICs). One group estimated that
half of the deaths that occur within the first 30 days after surgery take place in LMICs (1).
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Additionally, a study conducted by the GlobalSurg Collaborative
(3) found that the 30-day mortality for abdominal surgery was three
times higher in LMICs compared to HICs, even after being adjusted
for prognostic factors (2016).

Optimizing perioperative care provides a potential solution
to improve patient outcomes and reduce postoperative deaths
by delivering patient-centered, multidisciplinary care across the
surgical continuum of care (4, 5). Perioperative care requires
an interdisciplinary team of healthcare providers, including
an adequate number of trained nurses, to optimize patient
outcomes. Perioperative nurses impact surgical outcomes at all
intersections along the surgical care continuum and, therefore, play
a critical role in perioperative medicine both in and outside of
the operating room.

In May 2023, the World Health Organization (WHO) called
for countries to integrate operative care into nursing curricula
and offer postgraduate operative care training for nurses under
Resolution WHA76.2 (6). Increasing access to perioperative
education for nurses is associated with greater clinical knowledge
and improved practice in perioperative settings. In one example,
a cross-sectional study in Ethiopia assessing nurses’ practices
with perioperative hypothermia prevention found that nurses
with a bachelor’s degree, master’s degree, or other specialized
perioperative training had better knowledge of the prevention of
perioperative hypothermia compared to nurses with more limited
educational training (7).

Although nurses comprise 37% of the 3.6 million health
workers in Africa, nursing education varies greatly across the
continent and many nurses do not have access to perioperative
education as a nursing subspecialty (8). There is a gap in
the literature evaluating the current availability of perioperative
nursing education in Africa. The purpose of this article is to provide
a landscape of the available perioperative nursing education
opportunities across the African continent, hypothesizing that
greater access to perioperative education for nurses is associated
with safe surgical care, including reduced surgery-related deaths
and improved patient outcomes.

2 Methods

This review aims to answer the following research question:
What is the current landscape of perioperative education among
nurses in Africa? This was achieved through a scoping review
of the relevant literature using the PRISMA-ScR Checklist (9).
Articles were considered for inclusion if they were related to
nursing education or training in Africa across the perioperative
continuum of care and if they were available in English.
Articles were excluded if there was no abstract or author
information available, or if the full text of the article was not
available online.

The initial aim was to evaluate nursing education programs
in Africa that have a perioperative subspecialty, however, the
preliminary search in the electronic databases PubMed and
CINAHL revealed few studies. As a result, the search terms
were expanded to include surgical training and surgical nursing
clinical competencies. After a search was generated, each article
title and abstract was then reviewed for the inclusion and
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exclusion criteria. The search descriptors used in PubMed were as
follows:

o (((perioperative  nurse  education in  Africa) AND
"Africa"[MeSH]) ~AND  "Perioperative  Nursing"[MAJR])
AND "Perioperative Nursing/education"[MeSH]

o ((((perioperative nurse education) AND (training)) AND
(surgery)) AND (nurse) AND (Africa))

o (((critical care nursing in low middle income setting) AND
(training) AND (nursing))

A total of 77 articles were generated using these search terms,
however, only 14 (18.2%) were selected for further review based
on the relatedness of the title and abstract to the inclusion and
exclusion criteria. The search descriptors used to generate relevant
articles in CINAHL were: (Perioperative nursing education) AND
"Africa.” A total of 7 articles resulted from the search and based on
a review of the article titles and abstracts, 1 (14.3%) was selected
for additional use of the study criteria. To supplement the small
number of selected articles, a general search on Google Scholar
was conducted using “perioperative nursing education in Africa
AND training AND curriculum AND competencies AND nursing”
as search criteria. The titles and abstracts of the generated articles
were reviewed, resulting in the selection of an additional 7 articles
for further review.

Of note, while nurse anesthetists are nurses in the perioperative
space that contribute significantly to providing quality surgical care,
this review did not include anesthesia training and focused solely on
perioperative nurse training.

The selected studies were then charted and analyzed for key
findings across several phases. The titles and abstract were read and
entered into an Excel sheet, as well as the author names, publication
date, country of origin, and country of settlement - the country
the article was evaluating (10). A total of 22 articles were read
in full by one author and analyzed for their relatedness to the
research question. Of the 22 articles that were reviewed in full, 10
were selected for the scoping review as reflected in Table 1, and
12 were excluded from further evaluation. Relevant gray literature
was also included in the results to provide greater context to the
study findings, such as the Global Profile of Nursing Regulation,
Education, and Practice published by the National Council of State
Boards of Nursing (11). The results and findings from each article
were summarized in the Excel chart and then evaluated for patterns
and trends.

3 Results

General nursing education is well-established across Africa.
The National Council of State Boards of Nursing compiled data
from 43 African countries, revealing that the mean length of
general nursing education programs on the continent is 3.25 years,
although the majority of programs are 3-4 years (11). Burundi
and Gambia had the shortest nursing program lengths of those
examined, with a duration of 2 and 2.5 years, respectively (11). After
completing their training, all nurses must pass an examination
before they are able to practice any nursing role, except for
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TABLE 1 Articles included in analysis.

10.3389/fmed.2024.1432262

Article title References Country of Country of origin
settlement
Building the Case for Nurses’ Continuous Professional Development in Abebe et al. (19) Ethiopia Ethiopia and Canada
Ethiopia: A Qualitative Study of the Sick Kids-Ethiopia Pediatrics
Perioperative Nursing Training Program
National surgical, obstetric, anesthesia and nursing plan, Nigeria Seyi-Olajide et al. (15) Nigeria Nigeria and United States
Critical care nursing practice and education in Rwanda Munyiginya et al. (13) Rwanda Rwanda, South Africa, and
Canada
Perioperative Nursing Training in Rwanda in Partnership with American Mukantwari et al. (14) Rwanda Rwanda
Universities: The Journey So Far | Rwanda Journal of Medicine and Health
Sciences
Anesthetic nurse training in KwaZulu-Natal government hospitals: Maharaj et al. (20) South Africa South Africa
exploring strengths and deficiencies | Southern African Journal of
Anesthesia and Analgesia
The development of critical care nursing education in Zambia Carter et al. (21) Zambia Zambia, United Kingdom
Improving Perioperative Nursing Practices in Africa Woodhead (17) African Continent United Kingdom
Perioperative Nursing E-Learning Foundational Programme (PeN The UN Global Surgery Online ECSA Health Community,
Programme) Learning Hub (18) Ireland
A Global Profile of Nursing Regulation, Education, and Practice National Council of State Global n/a
Boards of Nursing (11)
Higher Diploma in Peri-Operative Theater Nursing Nairobi Women’s Kenya Kenya
Hospital College (12)

Botswana, Gambia, and Mauritius, which only require an exam for
some nursing roles (11).

3.1 Perioperative nursing education
opportunities

In Kenya, the Nairobi Women’s Hospital College hosts a higher
diploma in perioperative theater nursing that is 1 year long (12).
To be eligible, applicants must have a diploma in nursing or other
nursing degree and at least 1 year of prior working experience
(12). The program was designed to provide nurses with the skills
and competence to provide specialized care to patients across the
surgical continuum of care. The college also offers a higher diploma
in critical care nursing (12).

In 2012, the Rwandan Ministry of Health (MoH) developed a
7-year project called the Human Resources for Health (HRH) in
collaboration with the United States (US) government to increase
the number of healthcare professionals in Rwanda, including
nurses. Prior to this project, nurses typically were trained in critical
care nursing on the job or traveled abroad to obtain further
specialized training (13). The Rwandan MoH aimed to develop
new nursing education programs, including critical care programs,
under the mentorship of US faculty (13). One such program exists
at the University of Rwanda (UR). The university created a Master’s
in Perioperative Nursing program with the HRH under the MoH
(14). The program consists of common and specialty modules
taught in the classroom and clinical settings, as well as a dissertation
(14). To improve the sustainability of the program, UR recruits its
program graduates to join the training staff (14). Mukantwari et al.
(14) reported on two graduated classes and found that 11 of the
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19 sampled graduates work in teaching hospitals, while 7 of the 19
work in higher education (2021).

Nigeria included a plan to increase perioperative nurse
retention in their National Surgical, Obstetric, Anesthesia, and
Nursing Plan for 2019-2023. Smile Train, a nongovernmental
organization that provides free cleft palate care in LMICs,
implemented a perioperative nursing care program in 2021 called
Nursing Care Saves Lives (15). An initial 24 nurses are being trained
as part of a pilot program that utilizes the train-the-trainer method
in hopes of scaling up the program across the country (15). The
training is 5 days long and provides nurses with the skills they need
to provide safe perioperative care to children with clefts (16). The
efficacy of the pilot program is yet to be evaluated.

Additionally, international organizations have implemented
specialized perioperative training programs in Africa. Friends of
African Nursing (FoAN) is a charity based in the United Kingdom
(UK) that aims to provide perioperative education for nurses in
partnership with the WHO Safe Surgery Saves Lives campaign
(17). FoAN volunteers teach week-long programs delivered over
the course of 4 years consisting of theory-based curricula, clinical
practice programs, and leadership courses (17). The organization
utilizes to train-the-trainer method in which nurses are trained
to teach the curriculum and are then provided with seed funding
from FoAN to develop new perioperative educational programs in
Africa (17).

Virtual learning opportunities are also available to nurses who
wish to strengthen their perioperative skillset. For instance, East,
Central, and Southern Africa College of Nursing and Midwifery
(ECSACONM) created the Perioperative Nursing E-Learning
Foundational Programme (PeN Programme) and it is now offered
online on the learning platform the UN Global Surgery Hub (18).
The program is provided open-access and free of charge and

frontiersin.org


https://doi.org/10.3389/fmed.2024.1432262
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Wong et al.

consists of 30 1-h long modules that are asynchronous and self-
paced (18). The purpose of the course is to strengthen nurses’
theoretical and practical understanding of how to deliver high-
quality care in surgical care settings (18).

3.2 Evaluation of perioperative nursing
education programs

A qualitative evaluation of the Sick Kids-Ethiopia Pediatrics
Perioperative Nursing Training program evaluated the training
experience of nine nurses who completed the program (19). The
program is 4 weeks longs and consists of classroom sessions
and practical assessments (19). The study findings indicated that
participants had improved knowledge, skills, confidence, and
job retention following the completion of the program (19).
A similar study was conducted investigating the state of anesthetic
nurse training in the KwaZulu-Natal government hospitals in
South Africa (20). The study consisted of 73 qualitative interviews
(20). However, the authors reported that 76% of program
participants had no anesthetic training in nursing school, leading
to insufficient knowledge of their current practice (20). The
authors also concluded that subsequent workplace training was not
sufficient (20).

In Zambia, nursing is regulated by the Nurses and Midwifery
Act of 2001, and all nursing education must be competence-
based to ensure nurses are able to provide high-quality and
comprehensive care to patients (21). The Lusaka College of Nursing
implemented a year-long Advanced Diploma in Critical Care
Nursing in 2012 in collaboration with the General Nursing Council
of Zambia (21). The program instruction consists of 19 weeks
of theoretical curriculum and 32 weeks of practical training (21).
An evaluation of the program indicated that it was effective in
increasing nurses’” knowledge and skills in critical care delivery
(21). As a result, the MoH in Zambia aims to use this program
as the foundation to develop a Bachelor of Science in critical care
nursing (21).

4 Discussion

Despite the advancement of perioperative care as a nursing
subspecialty, significant barriers remain in countries developing
their perioperative nursing workforce. Quality perioperative care
requires not only quality education, but also an adequate number of
nurses in the workforce. Many African countries are experiencing
severe nursing shortages. According to the WHO, approximately
81% of the world’s nursing workforce is located in the Americas,
Europe, and Western Pacific, despite only comprising 51% of the
world’s total population (2020). This imbalance is largely due to
income-driven, with HICs having a nursing density of 107.7 nurses
per 10,000 population while the nursing density in LMICs is 9.1
nurses per 10,000 population (22). Thus, despite the well-defined
and central role of nurses in surgical care, many LMICs lack the
available nursing personnel to optimize care delivery.

Additionally, both current and aspiring nurses face several
barriers to accessing perioperative education programs and
supplemental training. Online programs, such as the PeN
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Programme offered by ECSACONM and the UN Global Surgery
Hub, require access to a computer and a reliable wireless network.
It is also difficult for practicing nurses to study while working,
and nurses may be hesitant or unable to take time away from
work to further their education as it can lead to a loss of income.
Moreover, the cost of educational programs and training also
acts as a deterrent.

The authors reflected on their experiences working in
perioperative care throughout the surgical care continuum in
the operating theater and acute and critical care settings. They
discussed several additional possible explanations for why nurses
may be hesitant to pursue additional perioperative education,
including the lack of dedicated time to this patient population. In
many regions of Africa, nurses rotate between wards, and thus,
their exposure to this population is constrained by the amount of
time they spend at each ward. This limits their ability to receive
comprehensive perioperative training, as well as their ability to
understand quality perioperative care and invest themselves into
this population. Nurses may also lose their perioperative skills and
knowledge after rotating to a new ward. Additionally, the authors
also cited the presence of negative attitudes by some nurses toward
working with patients in their perioperative areas. This could be
due to a knowledge deficit and the challenges of learning new skills.
Lastly, nurses may be hesitant to get further training because they
do not see or experience the issues that would be better addressed
with additional perioperative training.

This article, while comprehensive, may be limited in its
application. This article is a compilation of the most recent
and relevant existing literature but is not a reflection of all
published studies. Additionally, the findings are limited by what
information is available in the literature, which may not reflect
all available educational opportunities for perioperative nurses.
While the purpose of this article was to detail all professional
nursing training programs dedicated to perioperative nursing
in Africa, it must be acknowledged that general professional
nursing training often includes competencies in surgical nursing.
Additional research could include a review of the perioperative
training and competencies within existing professional nursing
programs. Lastly, the scope of this article did not include the
contributions made by nurse anesthetists in perioperative care.
Further research will create a stronger evidence base for investing in
comprehensive perioperative nursing education to increase patient
safety and improve health outcomes among surgical patients.

5 Conclusion

Providing greater perioperative educational opportunities for
both prospective and existing nurses in LMICs has the potential
to reduce disparities in surgical patient outcomes and improve
inequities in the distribution of perioperative nurses across the
globe. Beyond curriculum and educational program development,
perioperative nursing programs must address barriers to accessing
education to ensure student success by providing social, economic,
and academic support, such as mentorship and opportunities for
continued learning (23). Lack of funding, inadequate staffing,
inadequate compensation, and lack of mentorship are among
the ongoing obstacles countries face toward establishing new
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perioperative nursing programs (24). It is critical to prioritize and
advocate for the development of perioperative nursing through
advancing education and research, as well as inclusion in local,
regional, and national agendas, to provide safe surgical care to
patients across the globe.
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Introduction: In resource-constrained countries, the incidence of mortality
among patients admitted to adult intensive care units is higher than that in
developed countries, which has a physical, economic, and emotional impact
on the lives of patients and their families. However, there is limited evidence on
factors related to nursing care that can potentially contribute to predicting and
reducing mortality rates in intensive care units. Therefore, this study aimed to
assess the incidence of mortality and its predictors in patients admitted to an
adult intensive care unit.

Methods: A retrospective cohort study was conducted among 403 patients
admitted to the adult intensive care unit from 1 January 2021 to 31 December
2021. The collected data were entered into Epi Data Manager v4.6.0.6 and
exported to SPSS version 24 for analysis. Binary logistic regression was used
to identify the predictors of mortality. Variables with a p-value less than 0.25 in
bivariable logistic regression were selected for multivariable logistic regression.
A p-value <0.05 was used to indicate a significant association in multivariable
analysis. Finally, the adjusted relative risk (RR) with 95% CI was calculated.

Results: A total of 403 patients were included in the analysis. The cumulative
incidence of death was 40.9% (95% CI 36, 45.9%). Mortality was significantly
associated with the need for mechanical ventilation (adjusted RR = 1.45; 95% ClI:
1.04, 1.85), the Glasgow Coma Scale score <8 (adjusted RR, 3.52; 95% ClI: 2.90,
4.05), presence of comorbidity (adjusted RR, 1.47; 95% CI: 1.09, 1.83), length
of stay in ICU<24h (adjusted RR, 1.84; 95% CI: 1.37, 2.04), oxygen saturation
level, and Feeding, Analgesia, Sedation, Thrombosis prophylaxis, Head elevation,
Ulcer prophylaxis, and Glucose control (FASTHUG) treatment received were
significantly associated with mortality.

Conclusion: The study found a high incidence proportion of death. The need for
mechanical ventilation, length of stay, comorbidity, and the Glasgow Coma Scale
score were significantly associated with mortality. Therefore, close monitoring
and evaluation of patients are essential to improve treatment outcomes.

KEYWORDS

ICU, mortality, incidence, predictors, Western Ethiopia
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Introduction

An intensive care unit (ICU) is a special hospital or healthcare
facility department that provides intensive care treatment to patients
with severe or life-threatening illnesses and injuries, which require
constant care and close supervision under life support equipment and
medication. Intensive care is the specialized treatment given to acutely
unwell patients requiring critical medical care (1, 2). By 1953, Bjorn
Ibsen, the anesthetist who proposed that positive pressure ventilation
be the treatment of choice during the polio epidemic, had constructed
Europe’s first intensive care unit; many consider him to be the “father”
of intensive care (3).

Based on equipment availability and skilled medical and nursing
personnel, the World Federation of Societies of Intensive Care Medicine
(WESICCM) classified ICUs into three categories. A level 1 ICU can
provide oxygen and non-invasive monitoring, while a level 2 ICU can
provide invasive monitoring and basic life support for a limited amount
of time. A level 3 ICU offers a comprehensive range of monitoring and
life support systems and may contribute to the advancement of
intensive care medicine through research and education (4).

ICUs began to develop in many resource-limited countries after
decades compared with the industrialized countries. However, the
burden of critical illness is especially high in low-income countries as
infections such as pneumonia, diarrhea, and malaria are endemic, and
traffic accidents, obstetric complications, and surgical emergencies are
common (5, 6).

In Ethiopia, the Ministry of Health established an Emergency
Medicine and Critical Care Directorate and Implementation Guidelines
in 2015 to standardize ICU organization, design, and common practices
including rounds, admission, and discharge, reflecting increased
attention to emergency medicine and critical care capacity (7). Currently,
53 public hospitals in Ethiopia, provide adult intensive care services (8).

Mortality is a major endpoint in epidemiological and
interventional studies conducted in the ICU. Despite medical advances
in patient management, ICU mortality remains high as approximately
one-third of patients dying in the hospital died in ICU, though the
mortality has large variations according to patient case mix and
organization of care in ICU (9, 10).

Critically ill patients are admitted to the ICU to reduce morbidity
and mortality associated with acute illness, trauma, or surgical
procedures (11). Globally, the incidence of death in ICU roughly
ranges from 20 to 47% though this magnitude varies between regions
and countries (12, 13). It varies across the world depending on the
ICU infrastructure, staff availability, training, pattern, and cause of
ICU admission.

The incidence of mortality is high in African countries. A
retrospective study conducted in Ugandan Mulago Hospital and
Kenyan Hospital showed an incidence proportion of mortality of
43.7% (14) and 53.6% (15), respectively. In Ethiopia, studies have
indicated poor outcomes for patients admitted to intensive care units
with the mortality ranging from 39 to 47% (16-18). ICUs in Addis
Ababa faced a high incidence of mortality, 32% of admitted patients

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; ESV-ICD, Ethiopian
Simplified Version of the International Classification of Diseases; FASTHUG, Feeding,
Analgesia, Sedation, Thrombosis prophylaxis, Head elevation, Ulcer prophylaxis,

Glucose control; GCS, Glasgow Coma Scale; LOS, length of stay.
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to emergency care died (19), and it was 27% in Ayder Hospital (20)
and 38.7% in Gondar Hospital (21).

The major causes of ICU admission include trauma, cardiac
disease, acute abdominal presentations, septic shock, tetanus, and
hysterectomy secondary to uterine rupture. Medical diagnoses
accounted for 50.1% of ICU admissions followed by surgery (43.2%)
and obstetrics (5.8%) and the corresponding survival rates of the cases
were 53.6% for medical admissions, 48.0% for surgery, and 42.9% for
obstetrics (22). A shortage of ICU beds, lack of sufficiently trained
healthcare professionals, constraints in critical technologies, shortage
of medications, scarce data on patient outcomes, immaturity of the
program, lack of partnership, and stakeholders are the major
challenges of critical care service in developing nations (11, 23).

Morbidity and mortality in the ICU due to critical illness or
accident can have a huge physical, social, economic, and emotional
impact on the life and family of the admitted patients (24). A study
conducted in Malaysia showed that patients who spent a lot of money
on treatment had a 2-fold increased risk of dying (25, 26). The
influence of death on overall ICU expenses was studied in the
United States, and the median observed cost of a unit stay was $9,619
(mean=$16,353). A national study conducted in Scotland
demonstrated that ICU survivorship is associated with higher
($25,608 versus $16,913/patient) hospital resource utilization than
hospital controls (27). Financial and psychological burdens, shattered
family expectations and family integrity, lack of confidence in
hospitals’ service delivery system, families being immersed in an
unfriendly environment, and a sense of fulfillment in helping the
patient were among the problems faced in ICUs by patient caregivers,
according to a study conducted in Addis Ababa, Ethiopia (28).

The Ethiopian Federal Ministry of Health has shown a renewed
commitment to emergency care systems through the development of
the Emergency and Critical Care Directorate (ECCD) in its
administrative structure. This directorate aimed to reduce unfavorable
outcomes in ICUs to less than 25% by 2020 by training emergency
physicians and developing out-of-hospital emergency care (7), but the
incidence of mortality rate of patients admitted to ICU is still high and
far beyond the target.

Despite the incidence of mortality, which is high among patients
admitted to the ICU and results in loss of human and economic
resources, prior studies only assessed factors associated with
sociodemographic and clinical characteristics and did not assess
factors associated with care in the ICU. Thus, this study aimed to fill
these gaps by assessing the factors associated with mortality among
patients admitted to the ICU in Nekemte City public hospitals using
a retrospective cohort study method by incorporating factors related
to care components.

Methods
Study area

The study was conducted in Western Ethiopian public hospitals
on patients admitted to the adult ICU from 1 January 2021 to 31
December 2021. Nekemte Specialized Hospital and Wollega
University Referral Hospitals are the two hospitals with adult ICUs
in the western part of Ethiopia. The data were collected from 11
April 2022 to 11 May 2022. Wollega University Referral Hospital was
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established in 2017. It serves a catchment population of 3.5 million
people. The ICU service provision started in 2018 and was equipped
with six beds, four mechanical ventilators, one defibrillator, and one
ultrasound machine. One consultant anesthesiologist, two
emergency and critical care nurses, six rotating general practitioners,
and ten rotating BSc nurses. Nekemte Specialized Hospital serves as
a referral center for western Ethiopia, with approximately 11 million
people, and ICU service provision was started recently in March
2020 GC. The ICU of the Nekemte Specialized Hospital is equipped
with six beds, four mechanical ventilators, two defibrillators, and
one ultrasound machine. It was also staffed by one general
practitioner, one emergency and critical care nurse, one consultant
physiotherapist, and nine rotating BSc nurses.

Study design

An institutional-based retrospective cohort study design
was conducted.

Study period

A study was conducted on data of patients admitted to adult ICU
at Nekemte Specialized Hospital and Wollega University Referral
Hospital from 1 January 2021 to 31 December 2021.

Source population
All patients who were admitted to adult intensive care units at
Nekemte City public hospitals.

Study population

Patients who were admitted and registered into the adult ICU at
Nekemte Specialized Hospital and Wollega University Referral
Hospital from 1 January 2021 to 31 December 2021.

Inclusion criteria

All patients admitted and registered to the adult ICU of Nekemte
Specialized Hospital and Wollega University Referral Hospital from 1
January 2021 to 31 December 2021 were included in the study.

Exclusion criteria

Patients whose charts were incomplete, patients whose charts
were not found or lost, and patients referred to other higher facilities
for better diagnosis and management were excluded from the study.

Sample size determination

The sample size was calculated by using a two or double population
proportion formula, and it was calculated through Epi Info version 7
statistical software package with the assumption of confidence level
95% (Za/2=1.96), power 80% (Z1-f= 0.84), the ratio of unexposed to
exposed is 2, and the proportion of outcome in exposed and
RR. Independent predictors, such as the presence of sepsis, need for
mechanical ventilation, hypoxia, shorter duration of ICU stay, and age
greater than 80years, were considered for sample size calculation.
Among these predictors, the primary exposure variable, which was the
need for mechanical ventilation, yielded the largest sample size of 414.
Therefore, the final sample size of the study was 414.
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Sampling procedure

The source population during the specified study period was 473,
which is relatively small when compared to the minimum required
sample size of 414. Therefore, a census of all patients who were registered
and admitted to both ICUs was taken and analyzed. Consequently, 403
patient charts with complete data were included in the analysis (Figure 1).

Data collection tool and procedure

A data extraction checklist was prepared after an extensive
literature review and patient charts. It is comprised of three parts:
sociodemographic characteristics, related clinical characteristics, and
laboratory parameters. Four nurses (two for each hospital) gathered the
data under the supervision of two additional BSc Nurses (one for each
hospital). The medical registration number of admitted patients from
the ICU registry was used to extract patient charts from the chart room.
The data collectors completed the checklist by reviewing patient records
and charts. Then, the supervisor checked sample data for error and
completeness of the data and submitted it to the principal investigator.

Study variables

Dependent variable: status at discharge from ICU (alive or deceased).

Independent variables: the explanatory variables were

sociodemographic factors and laboratory-related and clinical factors.

Operational definition

Deceased: those who passed away while in the ICU and given
code number 3 on the ICU registry.

Alive: those who survived during ICU stay, including patients
who improved and were discharged, and those who left against
medical advice (code 1) and were transferred to (code 2).

FASTHUG score: FASTHUG is a shorthand representation for
Feeding, Analgesia, Sedation, Thrombosis prophylaxis, Head elevation,
Ulcer prophylaxis, and Glucose control. From the patient chart, whether
the patient received this routine care was checked and coded ‘Yes’ if the
patient had received that specific treatment, and care, and ‘No’ if that
patient had not received that treatment and care. Finally, all the answers
‘yes’ were added, and the mean was calculated and yielded 3. Patients
were categorized based on their scores as above or below the mean.

Comorbidity: the condition of having two or more diseases at the
same time in addition to the main disease with which the patient was
admitted to the ICU.

Incomplete data: patient charts with dependent variables were not
found, and those with <80% of the variables were found.

Data quality control

A one-day training was given to data collectors and supervisors
on the objective of the study, the contents of the checklist, ethical
issues, and the data collection approach. To identify the reliability of
the data collection instruments, a pre-test was conducted before actual
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adult ICU in 2021
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to in complete
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*47 charts excluded due 403 charts were
to the unknown reviewed
outcome
FIGURE 1
Sampling procedure of patient charts, incidence and predictors of mortality among patients admitted to adult ICU, Western Ethiopia, 2021

data collection, followed by a discussion with data collectors and
supervisors, which was modified to enhance the completeness of the
data. The supervisors checked the completeness of the checklist at the
end of each data collection day.

Data processing and analysis

Data were coded and entered into Epi Data Manager version
4.6.06 and exported to SPSS version 24 for cleaning and analysis.
Descriptive statistics, such as frequencies, proportions, and mean
with SD and median with IQR, were used to describe the data.
Data were organized using tables, graphs, and charts. A binary
logistic regression model was used to determine the association
between each independent variable and the patient outcome at
ICU discharge (29, 30). Variables with a p-value less than 0.25 in
bivariable logistic regression were selected for multivariable
logistic regression. In the multivariable model, a statistical
significance was set at p <0.05. The goodness of fit of the model was
checked by the Hosmer-Lemeshow test with a p-value of 0.35,
indicating that the model was well fitted, and multicollinearity was
checked by VIF; values were below 10. The adjusted odds ratio
(AOR) was converted to adjusted relative risk using the Zhang and
Yu formula (31), based on the STROBE recommendation (32).
Finally, the adjusted relative risk with 95% CI was reported.

Ethics statement

Ethical approval was obtained from the Ethical Clearance
Committee of Wollega University in its review held on 15 March
2022 (reference number WU/RD/555/2014). A letter of
cooperation was written to the Nekemte Specialized Hospital and
Wollega University Referral Hospital. A formal permission letter
was written to the Emergency and Critical Care Department and
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Chart Room Office by the CED of both hospitals, and data were
extracted from the patient charts. The need for informed consent
was waived by the ethical review committee of Wollega University
by the Declaration of Helsinki. In addition, the data collection tool
was fully anonymized as it did not contain individual patient
identifiers, such as name and Medical Record Numbers, and the
authors had no access to the patient identifier.

Result

Socio-demographic characteristics of
patients

A total of 403 patients were included in the analysis. The
remaining 70 patient charts were excluded because of unknown
patient outcomes, lost charts, or incomplete data. The mean (+SD)
age of the patients admitted to adult ICU was 41 (17) years. The age
category greater than 55years constituted more admissions
(28.3%), and the mortality rate was relatively high (45.2%) among
the age category of 35-44 years. Of the total study participants, 221
(54.8%) were men, and 240 (59.6%) were from rural residents
(Table 1).

Clinical characteristics of the patients

Admission diagnosis and disease category

Cardiovascular diseases were the most common underlying
cause of ICU admission accounting for 110 (27.3%) followed by
diseases of the respiratory system which contributed 79 (19.6%).
The death rate was high among patients admitted with endocrine,
nutritional, and metabolic diseases, of which 17 (61%) died,
followed by infectious and parasitic diseases, in which 35 (54%)
died (Table 2).
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TABLE 1 Socio-demographic characteristics of patients admitted to adult ICU, Western Ethiopia, 2021.

Characteristics category NEIUH
Deceased

N =165

Count
Age category 15-24 32 48 80 20
25-34 30 51 81 20
35-44 28 34 62 15
45-54 28 38 66 16
>=55 47 67 114 28
Sex Male 9% 125 221 55
Female 69 113 182 45
Residence Rural 94 146 240 60
Urban 71 92 163 40

TABLE 2 Underlying causes of admission to adult IC, Western Ethiopia, 2021.

ESV-ICD-11 chapters

Patient status at discharge from ICU

Alive Deceased
Count

Infectious and parasitic diseases 30 46.2% 35 53.8%
Neoplasms 7 77.8% 2 22.2%
Endocrine, nutritional, or metabolic diseases 11 39.3% 17 60.7%
Diseases of the nervous system 10 76.9% 3 23.1%
Diseases of the circulatory system 75 68.2% 35 31.8%
Diseases of the respiratory system 50 63.3% 29 36.7%
Diseases of the digestive system 16 57.1% 12 42.9%
Pregnancy, childbirth, or the puerperium 9 52.9% 8 47.1%
Injury, poisoning, or certain other consequences of 30 55.6% 24 44.4%
external causes

Total 238 59.1% 165 40.9%

Comorbidity status, source of admission, and
other clinical characteristics

The study also showed that 149 (37%) patients had at least one
comorbid disease, with hypertension being the most common (59,
15%), followed by diabetes mellitus (all types 19; 4%), acute and
chronic kidney disease (18, 4.5%), and pneumonia (17, 4.2%). Among
all admissions, 327 (81.1%) were for medical reasons, and the
mortality rate was 41% in this group.

This study revealed that the median length of stay in the ICU was
72h (IQR=96h). Of the patients, 285 (70.7%) stayed longer than 24 h,
and 118 (29.3%) stayed for less than 24h in ICU. Of patients who
stayed less than 24 h in the ICU, 74 (62.7%) and 91 (31.9%) of patients
who stayed for longer than 24 h died in ICU.

One hundred fifty-seven (39%) patients were referred from
other health facilities (had referral forms), while others were self-
referrals. Regarding the time of admission to the ICU, 297 (74%)
patients were admitted during regular working days and the
106 (26%) were
and holidays.

remaining admitted during weekends

Frontiers in Medicine

Vital signs and care-related characteristics

At admission, 195 (48.4%) patients had a normal respiratory
rate of 12-20 breaths per minute, whereas 208 (51.6%) patients
had unstable respiration of less than 12 or greater than 20 breaths
per minute. The incidence proportion of mortality rates was 83
(42.6%) and 82 (39.4%) in patients with normal and deteriorated
respiratory rates, respectively. Blood pressure measurement was
another vital sign measured at admission to ICU; 110 (27.3%)
patients were normotensive (90-140 mmHg), while 293 (72.7%)
patients were either hypotensive or hypertensive. One hundred
and one patients (25%) required mechanical ventilation on
admission to the ICU, of whom 59 (58.4%) died, and 106 (35.1%)
died among those who were not on mechanical ventilation
(Table 3).

This study showed that 396 (98.3%) patients had received at least
one component of FASTHUG treatment, and 52 (12.9%) patients
received all seven components. Glucose control was the most
treatment provided 367 (91.1%) followed by anti-pain provision 356
(88.3%) and ulcer prophylaxis 315 (78.2%) (Figures 1, 2).
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TABLE 3 Vital signs and related parameters among patients admitted to adult ICU, Western Ethiopia, 2021.

Characteristics

Patient status at discharge from ICU

Deceased
Category Count
Mechanical ventilation? Yes 59 58.4 42 41.6 101 25.1
No 106 35.1 196 64.9 302 74.9
Oxygen saturation <90 101 49.3 104 50.7 205 50.9
>=90 64 32.3 134 67.7 198 49.1
Sepsis Yes 39 53.4 34 46.6 73 18.1
No 126 38.2 204 61.8 330 81.9
Glasgow Coma Scale score <8 122 68.2 57 31.8 179 44.4
9-12 23 21.3 85 78.7 108 26.8
13-15 20 17.2 96 82.8 116 28.8
BP measurement at admission | Hypotensive 40 55.6 32 44.4 72 17.9
Normal 47 42.7 63 57.3 110 27.3
Hypertensive 78 353 143 64.7 221 54.8
12-20 83 42.6 112 57.4 195 48.4
Respiratory rate at admission
<12 4 66.7 2 33.3 6 1.5
per minute
>20 78 38.6 124 61.4 202 50.1
Pulse rate category <60 7 50.0 7 50.0 14 3.5
60-100 101 39.8 153 60.2 254 63.0
> 100 57 42.2 78 57.8 135 33.5
Hemoglobin count in g/dl <13 111 40.5 163 59.5 274 68.0
>13 54 41.9 75 58.1 129 32.0
FASTHUG category 0-3 59 62.8 35 37.2 94 23.3
4-7 106 34.3 203 65.7 309 76.7
o 100%
NS
< 80%
=) o
& 60% 470 43%
= 409
5 40%
2 20%
g 0
0%
Glucose  Analgesia Ulcer  Thrombosis Sedation
control Prophylaxis Prophylaxis
FASTHUG Components
FIGURE 2
Frequency of FASTHUG treatment components among patients admitted to adult ICU; Western Ethiopia, 2021.

Incidence and predictors of mortality in ICU

A total of 403 patients were retrospectively followed up until
discharge from ICU. The incidence proportion of mortality in ICU
was 40.9% (95% CI: 36.1-45.9%) in 1 year.

Eighteen variables were tested for their association with mortality
at ICU discharge. In the bivariable analysis, variables such as the need
for mechanical ventilation, comorbidity, length of stay in ICU, GCS,
sepsis, deteriorated BP, oxygen saturation level, and FASTHUG score

Frontiers in Medicine

were significant at a p-value <0.25 and were selected for multivariable
logistic regression at p value <0.25 (Table 5).

However, in the multivariable analysis, only the need for mechanical
ventilation, presence of comorbidity, length of stay in the ICU, GCS,
oxygen saturation level, and FASTHUG score remained statistically
significant. The prediction ability of the model was checked using the
area under the receiver operating characteristic curve. The area under
receiver operating characteristics value was 8.853 (95% CI: 0.853, 0.889).
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Patients who were on mechanical ventilation were 1.45 times
more likely to die than those who were not on mechanical support
(adjusted RR=1.45, 95% CI: 1.04, 1.85). The length of stay in the ICU
was another strong predictor of ICU mortality. This study showed that
patients who stayed for less than 24 h were 1.84 times more likely to
die than patients who stayed for longer than 24 h (adjusted RR=1.84,
95% CI: 1.37, 2.04). This study showed that there is an inverse
association between the GCS score and the risk of death in patients
admitted to the ICU. Patients with a GCS of <8 were 3.52 times at risk
of death in the ICU compared to those with a score greater than or
equal to 9 GCS score (adjusted RR=3.52, 95% CI: 2.90, 4.05).

Patients whose oxygen saturation of less than 90% by pulse
oximetry were 1.4 times more likely to die than those with oxygen
saturation greater than 90% (adjusted RR =1.40, 95% CI: 1.03, 1.79).

Patients receiving less or equal to three components of the
FASTHUG care are found to be 1.6 times at higher risk of death than
those receiving four or more care components (adjusted RR, 1.60; 95%
CI: 1.16, 2.01). Patients with one or more comorbidities had 1.47 times

more chance of dying (Table 4).

Discussion

The incidence proportion of mortality in this study was found to
be comparable with the results of a study conducted in Hosanna,
Gondar University, St. Paul's Hospital, and Mulago Hospital of
Uganda, which reported a mortality incidence proportion of 46.2%
(16), 38.7% (21), 39% (18), and 43.7% (14), respectively. However, it

10.3389/fmed.2024.1370729

was found to be lower than the result of a study conducted in Southern
Ethiopia hospitals and Kenya, which reported a mortality rate of
46.8% (17) and 53.6% (15), respectively. This discrepancy might
be due to the difference in admission diagnosis in which 54-80% of
patients admitted in Southern Ethiopia and Western Kenyan hospitals
presented with acute respiratory distress syndrome requiring
respiratory support compared to the 25% in this study. This is not
surprising that acute respiratory failure and acute respiratory distress
syndrome are drivers of high mortality (33). The difference in the level
of ICU care provided, which can be explained by differences in ICU
equipment, healthcare professionals, and availability of medications
could also contribute to the observed discrepancy in mortality rates
between hospitals.

It is not a surprise that the incidence proportion of mortality in
the current study is much higher than the finding of the study
conducted in resource-affluent countries. The study conducted in
Brazil reported 21% (34), and a multicenter European cohort study
reported 19.1% (35). This huge discrepancy might be due to the
difference in the level of ICU care, availability of medical supplies,
availability of trained staff, and the use of high-cost technologies.

In this study, patients who required mechanical ventilation were
more likely to die than those who were not. This finding is in line with
the findings of a study conducted in Gondar (21), Kenya (15), and
Brazil (34). Patients with respiratory distress are more unstable and
susceptible to ventilator-associated pneumonia and other nosocomial
infections, posing a risk to their clinical prognosis (36).

The Glasgow Coma Scale score was another predictor of mortality
for patients in the ICU. Patients with a GCS score of <8 were more

TABLE 4 Multivariable logistic regression analysis of predictors of mortality among patients admitted to adult ICU, Western Ethiopia, 2021.

Characteristics

Category

Deceased

165

NELT Crude RR

(95% Cl)

Adjusted RR
(95% CI)

Yes 59 42 1.66 (1.34, 1.97) 1.45 (1.04-1.85)*
Mechanical ventilation

No 106 196 1 1

Yes 74 75 1.39 (1.10, 1.67) 1.47 (1.09-1.83)%*
Comorbidity

No 91 163 1 1

< 90% 101 104 1.35(1.15, 1.52) 1.40 (1.03-1.79)*
Peripheral Oxygen saturation

>=90% 64 134 1 1

Yes 39 34 1.40 (1.07, 1.72) 1.38 (0.95-1.79)
Sepsis

No 126 204 1 1
Length of stay in hours <24h 74 44 1.96 (1.62,2.27) 1.84 (1.37-2.04)%#:*

>24h 91 194 1 1

Normal 47 63 1 1
BP in mmHg Hypotensive 40 32 1.48 (1.17,1.75) 1.36 (0.97-1.71)

Hypertension 78 143 1.18 (0.91, 1.45) 1.05 (0.71-1.42)

<=8 122 57 3.55(3.00, 4.02) 3.52 (2.90-4.05)%**
GCS Score

>9 43 181 1 1

0-3 59 35 1.83 (1.49, 2.13) 1.60 (1.16-2.01)**
FASTHUG care score

4-7 106 203 1 1

##%p-value < 0.00; **p-value < 0.01; *p-value < 0.05; 1, reference; BP, blood pressure; GCS, Glasgow Coma Scale.
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TABLE 5 Bivariable logistic regression analysis of predictors of mortality among patients admitted to adult ICU, Western Ethiopia, 2021.

Variables Category NEION
Deceased p Value COR with 95%Cl
Age 15-24 48 32 0.901 1
25-34 51 30 0.864 0.95 (0.53, 1.70)
35-44 34 28 0.555 0.84 (0.47,1.51)
45-54 38 28 0.614 1.17 (0.63, 2.19)
>=55 67 47 0.875 1.05 (0.57, 1.94)
Sex Male 125 96 1.000 1
Female 113 69 0.262 1.28 (0.84, 1.88)
Residence Rural 146 94 0.379 1
Urban 92 71 1.19 (0.80, 1.80)
HIV status Negative 219 146 0.467 1
Positive 6 7 0.323 1.75(0.57, 5.31)
Unknown 13 12 0.432 1.38 (0.62, 3.12)
Mechanical ventilation Yes 42 59 <0.001* 2.60 (1.64,4.12)
No 196 106 1 1
LOS < 24 hours 74 44 1.96 (1.62,2.27) 1.84 (1.37—-2.04)***
> 24 hours 91 194 1 1
GCS <=8 57 122 0.001* 9.01 (5.70, 14.24)
>9 181 43 1 1
Comorbidity Yes 75 74 0.001* 1.77 (1.17, 2.67)
No 163 91 1 1
Pulse rate <60 7 7 1 1
60-100 153 101 0.577 1.37 (0.46, 4.12)
> 100 78 57 0.638 0.90 (0.59, 1.38)
Systolic BP <90 32 40 .010 1
90-140 63 47 0.003* 2.29 (1.34,3.94)
> 140 143 78 0.189 1.37 (0.86, 2.18)
Respiratory rate per minute <12 2 4 0.339 1
>20 124 78 0.258 2.70 (0.48, 15.01)
12-20 112 83 0.423 0.85(0.57,1.27)
Peripheral oxygen <90 104 101 0.001* 2.03 (1.36, 3.05)
saturation >=90 134 64 1.000 1
Sepsis Yes 34 39 0.018* 1.86 (1.11, 3.10)
No 204 126 1
The service unit from Medical Ward 95 68 0.597 1
which the patient was Surgical Ward 26 15 0.855 0.96 (0.63, 1.48)
admitted to ICU Gyne Obs Ward 15 6 0475 0.77 (0.38, 1.56)
Emergency OPD 102 76 0.219 0.54 (0.20, 1.45)
Frequency of admission New 232 162 0.640 1.40 (0.34, 5.67)
Repeat 6 3 1
Anemia Yes 75 54 0.797 1.60 (0.69, 1.62)
No 163 111 1
FASTHUG components <=3 35 59 0.001* 3.23(2.00,5.22)
>3 203 106 1
Time of admission to ICU Working days 178 119 1
Weekend and Holidays 60 46 0.550 1.15(0.73, 1.80)

*Variables significant at p value <0.25; The symbol ** indicates the the p value of < 0.001; 1-Reference. The bold values indicate variables with p value less than 0.25 and candidates for

multivariable analysis.
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likely to die than patients with a GCS score of >=9. This finding is
similar to the finding of a study conducted in Southern Ethiopia (17),
Gondar (21), and Mulago Hospital of Uganda (14). This can
be explained by the fact that GCS is a significant indicator of disease
severity and individuals who have suffered a head injury or other
traumas are likely to have lower GCS scores (37).

Oxygen saturation level below 90% is also a predictor of death
among ICU patients. This finding is similar to the finding of a study
conducted in Peru and France (38, 39). Hypoxemia leads to respiratory
distress syndrome due to low hemoglobin concentration in the blood.
Patients may have to wait longer for ICU admission due to resource
limitations and delayed hospital arrival (40).

This study also revealed that the likelihood of death decreases as
the length of hospital stay increases. This finding is in agreement with
a study conducted in different parts of the world (41-43). The probable
cause of these early fatalities is most likely due to a late presentation
to care after potential complications are developed and delayed
referral from another health facility. In contrast to this study, a
prospective investigation done in Turkey failed to discover a link
between the length of time spent in the intensive care unit and the risk
of death (42). This is due to the Turkish study’s exclusion of patients
who spent less than 48 h in an intensive care unit, a period associated
with a higher risk of mortality in this study.

This study found that patients who have at least one comorbidity
were more likely to die than those who did not have comorbidity. This
finding is consistent with the study done in West Scotland the UK
(44). This can be explained by the fact that patients with comorbidities
show higher Charlson Comorbidity Index and are older age patients,
which are, in turn, statistically associated with mortality in the
ICU (45).

FASTHUG-based care enables critically ill patients to receive
holistic care that encompasses all critical issues and is proven effective
in preventing adverse outcomes. This study showed that patients who
had received less than three of the seven FASTHUG care components
were more likely to die than those who had received at least four
components of care. A comparative study conducted in Mexico and
the United States revealed that the application of the FASTHUG
bundle of care decreased mortality rate (46) and ventilator-associated
pneumonia (47), respectively. This suggests that the nursing care
model developed is effective in increasing the quality of nursing care
given to critically ill patients.

Limitations of the study

Due to the retrospective nature of the study, a limited number of
variables were found; as a result, some variables like severity scores
(such as APACHE 1II and SOFA scores) of the patients could not
be found, which might have a significant association with mortality of
patients admitted to ICU. This mortality incidence is not disease-
specific and includes a variety of disease entities that may each have a
variable mortality rate. In addition to this, factors associated with ICU
resources, staffing, and training status of the staff were not assessed by
this study as these factors might have an impact on the outcome of
the patients.

The study followed the patients only until their discharge from the
ICU and considered patients who were transferred to wards and those
left against medical advice as if they were survived or alive. These
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patients may die after discharge, which may underestimate the
incidence of mortality.

Conclusion and recommendations

This study found a high incidence of mortality among
patients admitted to the adult ICU. The severity of the condition,
which is determined by the GCS score, need for mechanical
ventilation, oxygen saturation level, and comorbidity significantly
predict mortality among patients admitted to ICU. Patients who
require mechanical ventilation were at higher risk of death
because these patients were at risk of developing ventilator-
associated pneumonia and the limited availability of mechanical
ventilators. In addition, it can be due to poor quality of care,
which is observed in the number of FASTHUG care. Hospitals
should use severity scores (such as APACHE, SAPS II, and SOFA)
as a crucial component at the ICU for improving clinical
decisions and identifying patients with higher unexpected
outcomes. Healthcare providers should also prioritize and give
due attention to acutely ill patients like those with respiratory
failure, lower GCS scores, and comorbidities. The application of
standardized treatment protocols such as the FASTHUG bundle
of care should also encouraged and applied regularly as it
improves the quality of care and the favorable clinical outcomes.
Future investigators should conduct a prospective follow-up
study by including important variables such as severity scores
and variables related to human resources, equipment, and quality
of care.
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Background: Safe perioperative nursing care is crucial to improving outcomes
of surgical care. This is a report on the pilot implementation of a nursing training
programme aimed at strengthening safe perioperative nursing care in Nigeria,
aligning with the nation’s strategic framework for surgical, obstetric, anaesthesia,
and nursing plan. The aim of this report is to highlight the need to incorporate
perioperative nursing training into efforts to scale up access to surgical care in
low resource settings.

Methods: The Nursing Care Saves Lives (NCSL) training programme which was
designed for training in perioperative nursing of cleft lip and palate patients,
was adapted for perioperative nursing training. A 5-day intensive training
was deployed, involving lectures, hands-on activities, simulations, and group
problem-solving exercises. Pre- and post-training surveys were administered,
and participant feedback and 3-months follow-up assessments obtained. The
data has been analysed using descriptive statistics.

Results: Twenty-six participants who were nurses involved in perioperative care,
from both public and private hospitals, completed the training. Pre-training
evaluation scores ranged from 23 to 72% (median 68%), increasing significantly
to 61-98% (median 76%) post-training (p = 0.0001). Participants rated all training
contents as useful, with high satisfaction in neonatal resuscitation and basic
life support skills. Infection prevention and control, helping babies breathe, and
effective communication were identified as key learnings. Recommendations
for future training included facilitation skills, nutrition, and research. Although
10 (40%) participants organised step down trainings, limited funding and training
materials were key barriers to step down.

Conclusion: The NCSL training programme has the potential for promoting and
strengthening safe perioperative nursing care. Strategic efforts are needed to
scale up and expand access to this training within the wider perioperative nursing
community, to enhance patient safety and surgical outcomes in the setting.
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Introduction

In Nigeria, ensuring safe perioperative nursing care remains a
critical priority within the broader context of advancing healthcare
delivery. Nursing training in the country is regulated by the Nursing and
Midwifery Council of Nigeria (NMCN), with perioperative nursing
offered as a post-basic specialization. However, there is a shortage of
trained perioperative nurses, particularly in district and general
hospitals. Most nurses working at these hospitals have not gone through
the post-basic specialisation in perioperative nursing. In addition,
paediatric perioperative nursing is not well integrated into the training
of these nurses. Further, access to hands-on training, simulation, and
continuous professional development in these aspects are limited.

There are important gaps in paediatric perioperative nursing care
in the setting. Many nurses lack specialized training in recognizing
early post-surgical complications, and standards of care protocols and
checklists are not usually in use outside tertiary hospitals. It has been
shown that continuing nursing education in low- and middle-income
countries is effective in improving their knowledge, and hence patient
outcomes and quality of care (1).

Recognizing the pivotal role of nursing in perioperative settings,
the implementation of comprehensive training programmes becomes
imperative to enhance positive patient outcomes and mitigate risks
associated with surgical interventions. Moreover, the outcome of cleft
surgery depends on both surgical expertise and quality of
postoperative nursing care. Inadequate perioperative nursing care can
lead to airway problems and wound complications following
cleft surgery.

The Nursing Care Saves Lives (NCSL) training programme is a
meticulously designed curriculum crafted to improve the safety and
effectiveness of post-operative nursing care for children following cleft
surgery (2). Rooted in evidence-based practices and tailored to local
contexts, this programme is a holistic approach encompassing
theoretical knowledge, practical skills development, and attitudinal
enhancements necessary for delivering optimal perioperative care.
The course has already been deployed by Smile Train but being piloted
by Nigeria's NSOANP. There is presently no published data on
previous pilots and evaluation of the programme.

This manuscript presents a report on the pilot implementation of
the nursing training programme tailored to strengthen safe
perioperative care in Nigeria. This aligns with the nation’s strategic
framework for surgical, obstetric, anaesthesia, and nursing services
(3). The report is intended to highlight the feasibility and potential
impact of this training and application to similar settings.

Methods

Nursing Care Saves Lives (NCSL) is a 5-day training programme
designed by Smile Train (a cleft lip and palate focused organisation
that supports the delivery of free surgery to cleft patients) provides
nurses with essential skills needed to safely administer pre- and post-
operative nursing care for patients with cleft lip and palate. The
curriculum involves lectures and didactic instruction, while also
incorporating interaction between trainer and trainees. Participants
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practice essential skills such as infant resuscitation, patient monitoring,
skill-building exercises, simulation of scenarios, and group problem
solving centred on four pillars of patient assessment, post-operative
nursing care, postoperative complications, and post-operative nursing
interventions. Particular attention is given to early recognition of post-
operative complications and essential nurse-initiated actions. The
existing NCSL curriculum (2) was slightly modified to include helping
babies breathe (HBB), pulse oximetry, cleft nutrition, and infection
prevention and control. Although the NCSL was designed for cleft
care, it was adapted to apply to safe perioperative nursing care in
general to meet local needs.

Training objectives

The training was done as part of the ongoing implementation of
the national surgical, obstetrics, anaesthesia, and nursing plan
(NSOANP) in alignment with one of the key objectives of
strengthening perioperative nursing care in Nigeria (Figure 1).

Participants

Four participants each from the 6 geopolitical zones of Nigeria,
and 2 from the federal capital territory were selected for the training
based on their performance in a web-based quiz. The aim of the quiz
was to select 25 participants as recommended by the NCSL
curriculum, to ensure hands-on experience and involvement of all
participants (2). A total of 26 participants were eventually selected for
the training. The selected participants were registered nurses involved
in perioperative care.

Deployment of training

The training took place in August 2021. This was a 5-day, intensive
training attended by the 26 previously selected participants. Activities
carried out to ensure effective learning experiences and skills
acquisition, included:

Team quizzes.
Group-based care planning.
Problem-solving and group feedback.

L S

Hands-on activities using medium fidelity feedback

mannequins.
5. Action planning using flip charts and wall charts.

Training evaluation

Pre- and post- training evaluations were administered to the
participants to test their knowledge before and after the training. In
addition, post training feedback survey was administered to the
participants using a 5-point Likert scale. The participants were also
followed up for 3 months to evaluate the early impact of the training.
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FIGURE 1
Training objectives to strengthen safe perioperative nursing care. NSOANP, National Surgical, Obstetrics, Anaesthesia and Nursing Care for Nigeria.

Data for the follow up was on step down training of others and was
collected using the WhatsApp group of the participants.

Continuing professional development points were awarded by the
Nursing and Midwifery Council of Nigeria (NMCN) as part of the
mandatory continuing professional development programmes to
enhance effective learning and a prerequisite for nursing practicing
license in the country.

Data analysis

One of the 26 participants did not complete the pre- and post-
training evaluations and has been excluded from analysis. Data from
the training have been analysed using Excel Analyse-it® statistical
software and results presented as descriptive statistics. The 5-point
(very useful, useful, neutral, less useful, not useful) Likert scale was
collapsed to 3-point scale (useful, neutral, not useful) to facilitate
analysis. The difference between the median pre-training and post-
training evaluations scores was compared using the Wilcoxon sign
rank test and level of statistical significance set at p = 0.05.

Results

There were 15 (60%) females and 10 (40%) males from 9 public
hospitals and one private hospital.
Participant performance

The pre-training evaluation score was 23-72% (median 68%) and

post-training evaluation score 61-98% (median 76%), the difference
between the two median scores was statistically significant (p = 0.0001).
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Participants’ feedback

Nearly all participants (96 — 100%) rated all contents of the training
as useful (Figure 2). Specifically, 10 (40%) participants rated helping
babies breathe as what they liked most about the training, 9 (36%) basic
life support skills, 7 (28%) infection prevention and control, and 4
(16%) all contents (Table 1). Twenty-four (96%) participants indicated
that there was nothing they liked least while one did not respond.

Infection prevention and control (44%), helping babies breathe
(40%), and effective communication (32%) were rated as the top three
most important things learnt (Table 1). Participants recommended
facilitation skills (skills on how to facilitate trainings) (20%), nutrition
(16%) and research skills (8%) as the top 3 aspects to be included in
future trainings (Table 2).

Step down training

At 3 months of follow up, 10 (40%) of the nurses had organized
step down trainings on return to their centres to share their
experiences and transfer skills. Lack of funding and training
materials were key challenges and barriers against step

down training.

Discussion

In 2015, the world health assembly passed the landmark
resolution WHA 68:15 mandating member countries to incorporate
emergency and essential surgical and anaesthesia care as integral
components of universal health coverage (4). Following this
resolution, several countries in sub Saharan Africa, including
Nigeria have launched national surgical plans to scale up access to
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FIGURE 2
Feedback from 25 participants on usefulness of training content.

TABLE 1 Participants’ feedback on most liked content and most TABLE 2 Participant’'s recommendations on topics to include in future
important thing learnt. trainings.
Content No. (%) Recommended topic No. (%)
n=25 n=25
Most liked content Facilitation skills 5(20)
Helping babies breathe 10 (40) Nutrition 4(16)
Basic life support 9(36) Research skills 2(8)
Infection prevention & control 7 (28) Needed collaboration 1(4)
All contents 4(16) Fluid management 1(4)
Documentation 2(8) Psychosocial & community engagement 1(4)
Nursing assessment & observation 2(8) Management of clefts with other congenital conditions 1(4)
Nursing management of child with cleft 2(8) List of designated health facilities and their contacts 1(4)
Role of nurse in cleft care 1(4) Management of perineum during pregnancy 1(4)
Pre- & post-operative care 1(4)
Management of emergency situation 1(4)
Assisted breathing 1 () surgical care, while others are working on such plans (5). However,

i . expanding access to surgical care alone will not address the current
Most important thing learnt

high morbidity and mortality and poor surgical outcomes in the

Infection prevention & control 11(44) setting. Such efforts must go hand-in-hand with strengthening the
Helping babies breathe 10 (40) delivery of safe perioperative nursing care. Moreover, nurses form
Effective communication 8 (32) the largest segment of the health workforce in most sub-Saharan

Africa countries, including up to 76% in Rwanda (6). Hence, any

Basic life support 5(20) . A
ep capacity strengthening programme targeted at nurses has the
Perioperative care of cleft patients 416) potential of delivering significant impact on patient outcomes in the
Nursing care of patients with cleft 2(8) setting. In one report using interviews, observations, and pathway
Overview of clefts 1(4) maps, and involving 2 upper-middle income, 2 lower-middle income
. I and 1 lower income countries, barriers to safe and effective
Monitoring of vital signs 1(4) i . . R . i K X
perioperative care were identified (7). Four key barriers identified in
Taking partin step down training 1¢4) that report included limited human and structural resources,
Identification of emergencies & quick response 1(4) fragmental care pathways, direct and indirect cost of care for
Postoperative care of cleft patients 1(4) patients and patients’ low expectation of care. Addressing limitations
Feeding 1) in human capacity and patients’ low expectation of care can
potentially be mitigated by strengthening the perioperative
Nutrition 1(4)

nursing capacity.
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The study measured knowledge acquisition through pre- and
post-training evaluations. While confidence in applying knowledge
was not explicitly measured, participants’ engagement in hands-on
skill-scenarios, problem-solving exercises, and group discussions
suggests enhanced procedural confidence. Behavioural change was
also evaluated by independent deployment of step-down training
sessions within 3 months. Although the study did not directly assess
patient outcomes, participants identified infection prevention,
neonatal resuscitation, and effective communication as the most
impactful components of the training, all of which are critical to
improving perioperative nursing care and patient safety.

The findings of this pilot implementation of the perioperative
nursing training based on the Nursing Care Saves Lives programme
underscore its effectiveness in enhancing perioperative nursing
competence and shaping positive attitudes towards patient care.

Participants’ performance, as evaluated through pre- and post-
training assessments, demonstrated a significant improvement in
knowledge acquisition and retention following the training. The
observed increase in median evaluation scores from 68 to 76% post-
training highlights the tangible impact of the training in augmenting
proficiency in safe perioperative nursing care. Previous reports have
emphasised the effectiveness of structured training programmes in
enhancing the competencies of healthcare professionals and
improving patient outcomes (8, 9). The impact of deploying
evidence-based perioperative nursing training programmes has
been emphasised (10). In the later report of perioperative nursing
training of labour and delivery nurses, it was shown that their
knowledge and competence significantly improved after
completing training.

The feedback from participants in the present training programme
provides some insights into the perceived utility and relevance of its
contents. The overwhelmingly positive rating for all training contents
is an indication of the comprehensive design of the curriculum and its
alignment with perioperative learning needs. Of specific import is the
high satisfaction rate with modules addressing neonatal resuscitation
(helping babies breathe) and basic life support skills, underscoring the
significance of these skills in perioperative nursing care. The important
role of effective resuscitation and emergency care training in
improving patient survival and reducing perioperative complications
has been previously highlighted (10-12).

The participants were registered nurses, already practicing
nursing. They were general nurses and paediatric trained nurses. As
they were already trained nurses, some level of knowledge was
assumed, and their background likely enhanced their knowledge
retention and application.

The recommendation of participants regarding topics for
inclusion in future trainings, such as skills on how to facilitate
trainings, nutrition, and research, offer valuable guidance for
curriculum strengthening and programmatic enhancements.
Including these topics in future training iterations could further
enrich the skills and learning experience for perioperative nurses.

The concept of step-down training, wherein trained nurses
disseminate knowledge and skills within their healthcare facilities,
holds immense potential for cascading the benefits of the training
programme to more nurses and staff. However, limited funding and
lack of training materials remain important barriers that require
institutional support and resources. In addition, collaboration between
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these institutions and donors are crucial to the sustainability and
scalability of this safe perioperative nursing training across Nigeria.

Conclusion

The Nursing Care Saves Lives (NCSL) programme employed
several approach to assess and track behaviour change among the
nurses. Beyond evaluating knowledge acquisition, the programme
focused on measuring the application of skills in real-world clinical
settings. Structured pre- and post-training evaluations demonstrated
significant improvements in clinical decision-making and procedural
confidence, indicating both knowledge gain and the ability to translate
learning into practice. Simulated scenarios and direct observation
during training provided real-time feedback, ensuring skill mastery
before participants returned to their clinical roles. Behaviour change
was further assessed by monitoring knowledge dissemination, with
follow-up showing that 40% of participants had independently
conducted step-down training sessions for colleagues within 3 months,
reflecting internalisation of key concepts and sustained confidence in
their application. In addition, 96-100% of participants rated key
components of the training as useful, with infection prevention,
neonatal resuscitation, and effective communication identified as the
most impactful areas of practice change. The combination of objective
skill assessments and subjective self-reports reinforces the
programme’s effectiveness in enhancing behavioural change.

The outcome of this pilot implementation has shown that the
NCSL training programmes adapted for safe perioperative nursing
care in general, has the transformative potential of promoting and
strengthening safe perioperative nursing care. The training is desirable
in the drive to expand access to timely and safe surgical care in the
setting and would enhance patients’ safety and improvements in
surgical outcomes. Efforts need to be directed towards refining and
scaling up the programme across Nigeria.
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Aim: Little is known about the incidence of clinical deterioration and
cardiopulmonary arrest (CPA) on general hospital units in low-and middle-
income countries (LMICs) or how rapid response systems (RRSs) might impact
these events. Implementation of RRSs in high-income countries has been
shown to reduce the incidence of CPA and mortality. The aim of this
study was to determine whether implementation of an RRS is feasible in an
LMIC medical center.

Methods: We developed and implemented an RRS in a large academic medical
center in Lagos, Nigeria, in three phases: (1) Needs assessment and stakeholder
engagement, (2) Infrastructure setup and education, and (3) Implementation
and data collection. We collected data on incidence of rapid response events,
attendance ratio and time of arrival of the designated clinical staff, triggers for
the rapid response calls and common interventions at the events.

Results: Over the 7 months study period, 997 patients were admitted to
the intervention-eligible units, and 95 RRS events occurred in 55 patients.
In 11 RRS activations (11.6%), no rapid response team member responded.
Anesthesia residents attended 73.7% of the events, and anesthesia techs and
nurses attended roughly 38% each. Internal medicine residents responded
to 13.7% of RRS activations. The average time to arrival was 13 min. The
most common trigger was altered mental status, followed by hypoxia and
hypotension. Seventy-six percent of patients survived their initial RRS activation,
and 83% died while in hospital. Common interventions were vasopressor use,
oxygen supplementation, and intravenous fluid administration. No patient was
transferred to the designated intensive care unit after an RRS activation owing
to lack of beds. Six patients were transferred to the makeshift ICU, all of which
required vasopressor support.
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Conclusion: While barriers remain, the development and implementation of an
RRS program in an LMIC medical center is feasible.

KEYWORDS

pilot, hospital-based, multidisciplinary, rapid response system, failure to rescue

1 Introduction

Clinical deterioration resulting in cardiopulmonary arrest
(CPA) among hospitalized patients on general hospital units
(also known as failure to rescue) is associated with very high
mortality and has best been described in high-income countries
(1-4). An extensive body of literature demonstrates that in high-
income countries, clear warning signs often precede deterioration
to CPA, leaving substantial time to intervene (5, 6). Data
for low- and middle-income countries (LMICs) are scarce but
suggest an unacceptably high incidence of CPAs, many of which
are not witnessed (7). Given that LMICs account for nearly
90% of all world-wide trauma-related deaths, maternal deaths,
and deaths from overwhelming infections (5, 8, 9), we suspect
that unrecognized clinical deterioration on general units in
these countries contributes substantially to these high rates of
adverse outcomes.

Rapid response systems (RRSs) were developed in high-income
countries as a patient- safety intervention to address this dangerous
problem (9, 10). Atits core, an RRS includes an afferent component
that establishes processes and criteria for identifying patients
who are deteriorating or at risk of deteriorating and activating a
response team of clinicians that forms the efferent component.
Fully mature RRSs also include administrative components,
education components, and components for collecting and
analyzing data that are used for ongoing quality improvement and
regulatory requirements.

The rapid response team is typically activated by single
physiologic or laboratory data thresholds or amalgamated and
weighted scores based on these data, as well as team or family
member concern. The responding team is a multidisciplinary group
of clinicians that may include physicians, nurses, anesthesia techs,
pharmacists, and others, depending on local resources and staffing
availability. This team may also proactively evaluate high-risk
general unit patients (known as critical care outreach) and educate
and act as a liaison to unit staff. Various RRS models have been
implemented in many developed countries over the last 20-25 years
as a potent patient-safety intervention. In the United States, they
were endorsed by the Institute for Healthcare Improvement’s
“100,000 Lives Campaign” in 2005 and then required by the
American Joint Commission for Hospital Accreditation as part of
the Commission’s Patient Safety Goal for 2009. Such programs have
reduced unanticipated CPA and in-hospital mortality in developed
countries for both adult and pediatric patients (9, 10).

Patient safety and mitigating preventable harm have become a
global health priority; however, RRSs have not been fully evaluated
in low-resource settings where the need is arguably the greatest.
One study from an LMIC in South Asia demonstrated RRS
effectiveness in reducing CPA and mortality (11). Such programs
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could have tremendous impact in sub- Saharan Africa. Because
the hospitalized patients there are typically younger, often with
relatively few comorbidities, well-orchestrated and timely response
to acute deterioration could potentially prevent complete decline
and CPA (12). Such programs may also serve as an indicator for
the readiness of local healthcare systems in providing effective
emergency, essential surgical, and anesthesia care as components
of universal health coverage, as urged by the 68th Assembly of the
World Health Organization (13).

Additionally, the implementation of RRSs may be especially
beneficial in sub-Saharan Africa, where critical care facilities
are scarce despite the greater burden of critical illness (14).
For example, Uganda has one intensive care unit (ICU) bed
per million population (8). Nigeria only has 380 critical care
nurses for a population of 140 million, compared with more
than 500,000 critical care nurses in the United States for a
population of 324 million (15, 16). Therefore, complex patients
are cared for on the general hospital unit, adding strain to
overworked and under-resourced nurses. As a result, inadequate
patient assessment and monitoring, inappropriate treatment, and
communication breakdown contribute to poor outcomes in LMICs
(17). Moreover, the implementation of RRSs could improve
patient-safety culture through improved critical care training, care
coordination, and earlier identification of deterioration trends that
illuminate faulty processes.

In this report, we describe development and implementation of
an RRS at Lagos University Teaching Hospital (LUTH), the effects
of the RRS on the quality of critical care on general units and lessons
learned about RRS implementation in similar contexts.

2 Materials and methods

2.1 Setting

Lagos University Teaching Hospital is a large tertiary teaching
hospital in Nigeria. It is a government hospital with 761 beds
and a six-bed ICU. The ICU is managed by anesthesiologists and
patients on the floor units are managed by internal medicine
doctors and surgeons. Nigeria is an LMIC in West Africa, with a
total population of ~ 182 million. The mortality rate of Nigerians
adult males is 356 per 1,000 male adults https://data.worldbank.
org/indicator/SP.DYN.AMRT.MA?locations . We established an
academic partnership and collaboration between LUTH team
members in Lagos, Nigeria, and the Johns Hopkins University
School of Medicine in Baltimore, MD, United States, to develop
and implement an RRS at LUTH. The project occurred in three
phases: (1) Needs assessment and stakeholder engagement, (2)
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Infrastructure setup and education, and (3) Implementation rollout
and data collection. We prospectively collected data on patient
demographics and clinical outcome during the implementation.
We had IRB approval from both Johns Hopkins University and
LUTH.

2.2 Phase 1: needs assessment and
stakeholder engagement

Investigators from Johns Hopkins traveled to Nigeria for an
introductory meeting with hospital administrators and department
heads. Participants included leadership in the departments of
nursing, anesthesiology, surgery, internal medicine, and pharmacy,
as well as the chief residents in these specialties. We jointly
reviewed their existing practice of identifying and triaging high-
acuity patients and the potential failure modes and deficiencies
in their practice and processes. We subsequently discussed the
proposed project and its potential usefulness in improving the
delivery of quality care to the patients at LUTH. We jointly
identified potential hurdles to successful implementation, including
perceptions of increased work burden, lack of standardized triggers
for rapid response calls, poor organization of command chains,
poor communication infrastructure, poor access to emergency
medications and clinical monitors, and limitations in the number
of ICU beds. We worked with staff and local vendors to address
some of the potential obstacles.

2.3 Phase 2: infrastructure setup and
education

2.3.1 Communication tools

We worked with a local telecommunications company to create
stationary phones on the study units that were designed to call
mobile “rapid response phones” with the push of one number.
This call was intended to activate the mobile phones that would be
carried by members of the rapid response teams.

2.3.2 Crash carts and monitors

We worked with the nursing team and pharmacists to update
the crash carts with essential supplies and medications, including
advanced cardiac life support medications. Importantly, patients
were to be charged for the medications after administration in an
emergency setting, as opposed to the existing practice of having
family members purchase the medications from the pharmacy
before use, a very time-inefficient and costly practice.

2.3.3 Assessment tools

The research team and the providers at LUTH endorsed
the use of the Modified Early Warning Score (MEWS) protocol
as an identification tool (18, 19). MEWS is a vital sign-driven
protocol that amalgamates data into a weighted score for predicting
deterioration risk and is used by bedside nurses to identify at-risk
patients (Figure 1) (20).

Nurses were then empowered to activate the RRS team with the
established protocol.
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2.3.4 Rapid response team (RRS efferent
component)

Rapid response teams consisted of two providers (an anesthesia
resident and an internal medicine resident), a senior ICU nurse
with the expertise and clinical flexibility to attend remote events
and an anesthesia technician. The anesthesia technician functioned
both in and out of the operating room as airway support personnel,
facilitating access to airway equipment, and providing technical
assistance for airway support among their other duties. Rapid
response team members had a weekly schedule, and each carried
a dedicated RRS mobile phone while on call.

2.3.5 The study units

Two intervention units were identified based on perceived
readiness for culture change (one medical unit and one surgical
unit). The study team spent time in these units to observe current
practices, engage the local staff, and identify a local champion. In
each intervention unit, a crash cart was positioned close to the
nursing station, along with a makeshift, temporary ICU bed that
could be used until a dedicated ICU bed became available or until
the patient improved sufficiently to return to their regular unit
bed. The decision to use the makeshift ICU bed would be at the
discretion of the rapid response teams. Colorful paper copies of the
MEWS tool sheet were available on the units and attached to each
patient’s chart for easy access (Figure 1). Two control units were
identified for comparison purposes.

2.3.6 Campus-wide education and introduction
of the project

We embarked on intensive training both for the frontline
providers who were involved in the identification of at-risk patients
and for responding providers. Designated members of the research
team participated in a campus-wide multidisciplinary grand rounds
with over 100 attendees. We delivered more focused training to the
providers and nursing staff who would eventually constitute the
rapid response teams.

The bedside nurses (afferent limb) received an online training
course on the MEWS tool that would be used to identify at-
risk patients. The house staff on the response teams (efferent
limb) were trained in the Fundamentals of Critical Care Support,
a course designed by the Society of Critical Care Medicine to
train non-intensivists to identify and manage critically ill patients
pending appropriate critical care consultation!. The nursing staff
and anesthesia technicians who were part of the efferent limb of
the RRS were also engaged in intensive nursing critical care courses
before implementation.

2.4 Phase 3: implementation and data
collection

We implemented the RRS in January 2019 and collected data
through July 2019. We collected data on patients admitted to
the intervention units and control units by using prospective

1 https://www.sccm.org/Education- Center/Educational- Programming/
Fundamentals/Fundamental- Critical- Care- Support
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FIGURE 1
Modified Early Warning Scores (MEWS) used to determine when the rapid response system should be activated (21).

chart reviews that included data on patient demographics,
admission diagnosis, comorbid conditions, hospital length of
stay, and mortality.

On a bimonthly basis, we provided motivational lunches and
talks by inspirational guest speakers. We gave awards to the most
“responsive resident” and “best RRS nurse;” and monthly “Nurse

Frontiers in Medicine

Angel” awards. In addition, rapid response team T-shirts were used
to motivate and encourage the residents and nurses.

All RRS calls were reviewed during a monthly meeting of
stakeholders from the various departments. Data obtained from
the data collection tool were collated, and successes and barriers
were discussed and recorded. Improvement plans were put in place
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regularly. We defined feasibility as having at least two members of ~ response to the activation. In 11 RRS activations (11.6%), no rapid

the efferent team respond to RRS event more than 50% of the time. ~ response team member responded. None of the RRS events had
all four team members present (Figure 2A). Anesthesia residents
were the most frequent responders, arriving at 70 events (73.7%),
followed by anesthesia techs and nurses with ~38% attendance each
(Figure 2B). The average time to arrival of any rapid response team

member was 13 min. The clinicians that missed the rapid response

3 Results

The RRS was implemented over a 7 months period during  reported being occupied with other clinical responsibilities at the

which 577 patients were admitted to the intervention units and  time of the events.
420 to the control units (Table 1). A total of 95 events in the

intervention units prompted activation of the RRS team. Eighty-

The most common trigger for an RRS activation was altered
mental status, followed by hypoxia and hypotension (Figure 2C).
four (88%) of these activations resulted in at least one team member ~ The 95 RRS activations involved 55 unique patients. Six patients

TABLE 1 Baseline characteristics for patients admitted to intervention units from January 2019 through July 2019.

Characteristics

Survival group (n = 474) Mortality group (n = 103) ‘

Age, years, median (IQR) 45 (34-60) 56 (44-49) 0.001
Age, n (%) 18-44 209 (44.1) 28 (27.2) 0.002
45-64 166 (35.0) 40 (38.8)
> 64 99 (20.9) 35(34.0)

Sex, 1 (%) Male 246 (51.9) 56 (54.4) 0.759
Female 228 (48.1) 47 (45.6)

Diagnosis, 7 (%) Infection 88 (18.6) 20 (19.4) 0.000 (p < 0.001)
Neoplasm 60 (12.7) 33(32.0)
Neurologic 54 (11.4) 5(4.9)
Cardiac 64 (13.5) 16 (15.5)
Other 208 (43.8) 29 (28.2)
Pre-existing conditions, 7 (%) DM 81(17.1) 14 (13.6) 0.559
CKD 35 (7.4) 8(7.8) 1.000
HIV/AIDS 24 (5.1) 9(8.7) 0.091
HTN 183 (38.6) 37 (35.9) 0.692
LOS, days, median (IQR) - 9 (5-15) 10 (4.5-19) 0.002
“Charsciensics | Categorkes  Surilgroup n =350 Moralty oroup 1~ 69 Palve |
Age, years, median (IQR) - 46 (37-60) 44 (37-65) 0.421
Age, 1 (%) 18-44 152 (43.3) 35 (50.7) 0.033
45-64 137 (39.0) 16 (23.2)
> 64 62 (17.7) 18 (26.1)
Sex, n (%) Male 164 (46.7) 32 (46.4) 1.000
Female 187 (53.3) 37 (53.6)
Diagnosis, n (%) Infection 74 (21.1) 18 (26.1) 0.085
Neoplasm 57 (16.2) 17 (24.6)
Neurologic 79 (22.5) 7 (10.1)
Cardiac 20 (5.7) 2(2.9)
Other 121 (34.4) 25(36.2)
Pre-existing conditions, 1 (%) DM 72 (20.5) 8 (11.6) 0.194
CKD 22(6.3) 4(5.8) 0.735
HIV/AIDS 26 (7.4) 10 (14.5) 0.092
HIN 140 (39.9) 20 (29.0) 0.117
LOS, days, median (IQR) - 10 (6-17) 11 (4-27) 0.001

AIDS, acquired immunodeficiency syndrome; CKD, chronic kidney disease; DM, diabetes mellitus; HIV, human immunodeficiency virus; HTN, hypertension; IQR, interquartile range;

LOS, length of stay.
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had two RRS activations and 17 had three RRS activations during 4 Djscussion
their hospital course. Figure 2D shows the percent distribution

of the 95 RRS activations stratified by RRS event number for We Successfully implemented an RRS at a resource-limited
each patient and outcome (dead or alive) of the rapid response ~ LMIC hospital (LUTH) through multidisciplinary engagement and
intervention. staff organization, intense education, and initiation of improved

Of the 55 first-time RRS activations, 42 (76%) patients survived =~ communication structures, protocols, and critical care tools. To
the event. However, 35 (83%) patients who survived ultimately died ~ our knowledge, little has been published on such implementation
during their hospital course. Interventions commonly included 10 @ resource-limited environment (20, 22). This program was
the addition or optimization of vasopressors (42%), intravenous ~ ©verall well received and perceived to be of great benefit to the
staff and patients at LUTH. Using a train-the-trainers model, this
program is potentially scalable to units such as maternal medicine,
the emergency department, and perhaps other teaching hospitals in
the country (23, 24).

Many obstacles and limitations were encountered during

fluid administration (42%) and oxygen supplementation (21%),
(Table 2). None of the RRS activations resulted in a transfer to the
designated ICU because no beds were available. Six patients were
managed in the temporary ICU beds set up on the intervention
units, as described in the Methods. This decision was made at the this project that should be considered before expansion to
discretion of the rapid response team and based on availability of oo o e hospital or other institutions in resource-
limited LMIC facilities. One of the primary and initial obstacles
two occasions owing to financial constraints. encountered was a delay in establishing a telephone system

Mortality rate was slightly lower in the control units during  to standardize activation of the rapid response team members,

the investigation period, although our study was not adequately ~ which in turn delayed implementation of the rapid response

the continuous monitor. The family refused advanced ICU care on

powered to determine a difference (Table 3). program. Such a was a novel concept in Nigerian public
A B
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Characteristics of rapid response team activations. (A) Number of rapid response team members per event. (B) Rapid response attendance by role.
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response team.
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TABLE 2 Frequency of interventions during rapid response
team activation.

Intervention Frequency (% of rapid response
events)

Oxygen support 20 (21%)
Intravenous fluid 40 (42%)
Vasopressor support 40 (42%)
Antibiotics 1(< 1%)
Intubation 3(<1%)
ICU transfer. 0 (0%)

Blood transfusion 1(<1%)
Makeshift ICU with 6 (< 1%)

continuous monitoring

ICU, intensive care unit.

TABLE 3 Admissions and mortality rates in control and intervention units
from January 2019 Through July 2019.

Interventions Survival Mortality P-value
units group group (%)

Interventions units

E5 228 56 0.729
A3 246 47

Total 474 103 (21.7) -
Control units

A2 164 32 1.000
A4 187 37

Total 351 69 (19.7) -
Combined Total 997 172 -

hospitals, where everyone who has a personal mobile phone
uses it in a decentralized manner for communication. However,
that system was inadequate for implementing an RRS and
required multiple consultations with different telecommunications
companies to create a model that would work at the hospital.
Centralized communication systems are ubiquitous in high-income
countries, but establishing an effective, affordable, standardized
method of activating the RRS team members can be quite
difficult in LMICs.

A second obstacle was the perceived additional workload
among both the nursing and house staff. Nurses are
often overextended, especially during night shifts, because
of the and high

patient-to-nurse ratios, sometimes as high as one nurse

high number of high-acuity patients
to eight patients. During preparation for implementation,
the nursing staff expressed concern over the perceived
additional burden (especially documentation burden) on the
already overtasked workforce. We addressed this concern
by simplifying the documentation to one page. Although
this change truncated the amount of data collected by
event, it was a compromise that was necessary to promote
documentation compliance.

A more challenging obstacle and limitation to address was the
resistance from the medicine house staff to participate in what they
perceived as a research project that was of minimal benefit to them.
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We addressed this concern in several meetings where the house
staff were encouraged to view the quality improvement project
as an opportunity for improving the care that they provided to
patients who were already on their service, as well as the potential to
improve outcomes and their hospital policy. Despite these efforts,
internal medicine resident attendance at RRS activations remained
substantially lower than that of the other team members. Improved
strategies for motivation and engagement are necessary.

Other limitations and obstacles inherent to the healthcare
systems in LMIC environments that we encountered included
the common practice of requiring family members to purchase
medications from the pharmacy before administration. Such
systems do not exist in the hospitals and countries that have
contributed nearly all of the data in support of RRS effectiveness.
The delays from this type of pharmaceutical economic system
severely impede the administration of potentially life-saving
therapies during critical patient deteriorations and emergencies.
Charging patients/families after the administration of indicated
medications was a major culture change for LUTH and not without
its associated financial risks should the patient and family be unable
to pay. These financial hardships were also noted in the fact that
in two of the RRS activations, the family refused escalation of care
to the ICU because of costs. Cost considerations by the hospital
and health system, as well as by the patients and their families, will
remain a challenging barrier to success.

Notably, none of the patients who had an RRS activation were
transferred to the ICU, though several met criteria. The literature
reports different rates for ICU admission after an RRS activation
(25), but most patients remain on the general unit after assessment
and treatment by the rapid response team. We are unable to
compare our findings with those of that body of literature, which is
generated almost exclusively in countries and environments where
ICU access is not limited or only minimally limited. LUTH, a 761-
bed tertiary academic medical center, has only six ICU beds. In
contrast, Johns Hopkins Hospital, a 960-bed institution, has 128
adult ICU beds, a ratio more typical of high-income countries. The
severe limitation on ICU bed access in LMICs has implications for
the implementation of RRS in those environments. There were 40
rapid response events that prompted the use of vasopressors, six of
which utilized the temporary ICU-capable beds. This mobile ICU
is a potential strategy for stabilizing patients and keeping them on
the general unit.

This program helped highlight some of the deficiencies in
the existing system, such as inadequate staffing and organization,
inconsistent access to emergency supplies, and inadequacies of
existing communication tools. Another important issue that was
revealed was the weak infrastructure for identification and triage of
terminally ill patients, resulting in minimal palliative care services
and overuse of already scarce resources such as ventilators.

A final limitation is that this was a single-center study.
However, we believe that LUTH is prototypical of most academic

centers in Nigeria and perhaps in other LMICs and therefore a good
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model for what can be replicated at many institutions throughout
Nigeria and sub-Saharan Africa.

5 Conclusion

Our study supports the hypothesis that the development
and implementation of an RRS in an LMIC hospital is feasible.
However, there is a need for more trained personnel and
better infrastructure and standardized protocols for larger scale
dissemination. Barriers such as physician engagement remain an
impediment to full utilization. The documentation of RRS events
and focused multidisciplinary review of each event can improve
the quality of this intervention. Hospital buy-in and investment in
staff and infrastructure can expand the impact of such programs
throughout regional and national hospitals.
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