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Abstract

Background: Implementation of pathways to screen surgical patients for pre-

operative anemia and iron deficiency remains limited. This study sought to

measure the impact of a theoretically informed, bespoke change package on

improving the uptake of a Preoperative Anemia and Iron Deficiency Screening,

Evaluation, and Management Pathway.

Study Design and Methods: Pre-post interventional study using a type two

hybrid-effectiveness design evaluated implementation. Four hundred (400)

patient medical record reviews provided the dataset (200 pre- and 200-post

implementation). The primary outcome measure was compliance with the

pathway. Secondary outcome measures (clinical outcomes) were anemia on

day of surgery, exposure to a red blood cell (RBC) transfusion, and hospital

length of stay. Validated surveys facilitated data collection of implementation

measures. Propensity score-adjusted analyses determined the effect of the

intervention on clinical outcomes, and a cost analysis determined the eco-

nomic impact.

Results: For the primary outcome, compliance improved significantly post-

implementation (Odds Ratio 10.6 [95% CI 4.4–25.5] p < .000). In secondary

outcomes, adjusted analyses point estimates showed clinical outcomes were

slightly improved for anemia on day of surgery (Odds Ratio 0.792 [95% CI 0.5–1.3]
p = .32), RBC transfusion (Odds Ratio 0.86 [95% CI 0.41–1.78] p = .69) and hospi-

tal length of stay (Hazard Ratio 0.96 [95% CI 0.77–1.18] p = .67), although

these were not statistically significant. Cost savings of $13,340 per patient were

realized. Implementation outcomes were favorable for acceptability, appropri-

ateness, and feasibility.

Conclusion: The change package significantly improved compliance. The

absence of a statistically significant change in clinical outcomes may be
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because the study was powered to detect an improvement in compliance only.

Further prospective studies with larger samples are needed. Cost savings of

$13,340 per patient were achieved and the change package was viewed

favorably.
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1 | INTRODUCTION

On average, about 40% of patients presenting for major
surgery are anemic.1 Preoperative anemia is associated
with poorer patient outcomes and increases by about
5-fold the risk of receiving a Red Blood Cell (RBC) trans-
fusion.1 Substantial blood loss at the time of surgery also
results in anemia or exacerbates pre-existing anemia, fur-
ther increasing the risk of RBC transfusion.2 Blood trans-
fusions are linked to poor postoperative outcomes,
including an increased risk of infection, venous thrombo-
embolism, and longer length of hospital stay.3–7 Transfu-
sions should only be administered when the benefits
outweigh the risks. In the context of perioperative
patients, this scenario is usually due to critical bleeding
where surgical blood loss has been substantial enough to
reduce a patient's hemoglobin level to 7 g/dl or less, or
when the loss is such that cardiac and respiratory decom-
pensation symptoms are present—for example, tachycar-
dia, hypotension, dizziness, fainting, and shortness of
breath, not responding to volume replacement or other
therapies.4,8 In addition, substantial surgical bleeding
results in a loss of recyclable iron, and may deplete iron
stores postoperatively and lead to sustained anemia long
after discharge.9,10 Optimization of patients before sur-
gery can help reduce the impact of surgical blood loss
and exposure to unnecessary transfusion.11–13

Optimization is achieved by following Preoperative
Anemia and Iron Deficiency Screening, Evaluation, and
Management Pathways (PAIDSEM-P).2,11–13 PAIDSEM-P
outlines blood tests that should be performed to check if
a patient has anemia, iron deficiency, or suboptimal iron
stores.10 PAIDSEM-P tests should be performed on
patients who are scheduled to undergo major elective
surgery expected to result in blood loss of 500 ml or
more.14 Based on the blood test results, PAIDSEM-P out-
lines recommended assessments and treatments to
address results outside of recommended reference
ranges.14 For example, when a patient has been diag-
nosed as having iron deficiency anemia and is scheduled
for urgent surgery, administration of intravenous iron is
recommended to correct anemia and replenish iron
stores quickly.14–17 If patients are not anemic but have a

ferritin <100 mcg/L (suboptimal iron stores), blood loss
resulting in a postoperative hemoglobin drop of >3 g/dl
may deplete iron stores following discharge. In this set-
ting, guidelines suggest considering preoperative iron
therapy.10

Despite the World Health Organization endorsing the
uptake of PAIDSEM-P, there remains high variability in
its implementation among health care facilities.11,18,19 A
2017 survey indicated that only 38% of international facil-
ities had a protocol to address preoperative anemia.18

Within Australia, a 2020 survey showed that only 56% of
hospitals had a preoperative anemia screening pathway
in place.18,20 There are limited data reporting the reasons
for low uptake.21 However, the recent Policy Brief
released by the World Health Organization suggests the
primary reason is low awareness of PBM among both
health care physicians and patients.11 A 2020 systematic
review, which investigated the barriers to patient blood
management initiatives more broadly, mirrors this pre-
vailing view and found that the key barriers among the
14 studies included were: access to knowledge and infor-
mation (n = 7), knowledge and beliefs about the inter-
vention (n = 7), and tension for change (n = 6).21 An
Australian qualitative study also found similar barriers
locally (access to knowledge and information, knowledge
and beliefs about the intervention, patient needs and
resources, available resources, and networks and commu-
nication), suggesting that some of the reasons for low
uptake are shared among facilities, despite the varied
contexts.22

Barriers to PAIDSEM-P can be addressed using theo-
retically informed change packages. Change packages
should comprise tailored knowledge tools and interven-
tions supported by appropriate implementation strate-
gies.23 Knowledge tools include highly synthesized
research such as clinical decision aids or pathways
(e.g., the National Blood Authority Patient Blood Man-
agement Guidelines).24 Interventions are what assist in
delivering the knowledge tool, for example, having a pre-
operative anemia coordinator.24–26 Implementation strat-
egies support the implementation of both the knowledge
tool and intervention, for example, educating clinicians
on how to follow a pathway and why it is important.27
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Implementation plans should include bespoke change
packages that are conceptualized and delivered with the
support of implementation theories, models, and frame-
works.28 In this study the Consolidated Framework for
Implementation Research (CFIR) was used to identify
barriers, which were then classified according to actor
(stakeholder) categories and mapped to the Expert Rec-
ommendations for Implementing Change (ERIC) frame-
work, explained in detail elsewhere.23,27,29,30 However,
testing of these tools remains limited in the context of
patient blood management and, more specifically,
PAIDSEM-P.21,23 This study aimed to test if a theoreti-
cally informed change package that leveraged implemen-
tation science theory could improve the uptake of
PAIDSEM-P.23 It measures the impact of the change
package on provider, facility, patient, and outcomes, as
well as implementation outcomes of acceptability, appro-
priateness, and feasibility.

2 | MATERIALS AND METHODS

2.1 | Aim

To test whether a theoretically informed change package
would improve the uptake of a preoperative anemia and
iron deficiency pathway.

2.2 | Design

The study used a type two hybrid-effectiveness imple-
mentation design.23 Type two hybrid-effectiveness
designs evaluate both the effect of an intervention and
the implementation strategies which support its deliv-
ery.31 They are appropriate when utilizing interventions
that have been proven to be effective but require further
investigation regarding the context and implementation
strategies that best support delivery.31 For this reason,
compliance was chosen as the primary outcome, with
clinical and cost measures as secondary outcomes. A
pre- and post-implementation retrospective health
record review determined pathway compliance and clin-
ical effectiveness. The pre-period consisted of health
records within a six-month time frame before any
attempt at improvement (Feb–Aug 2020), and the post
period occurred after implementation (Feb–Aug 2021).
A cost analysis used hospital-provided patient-level data
including the total cost of care provided. A validated
survey distributed to healthcare professionals measured
implementation outcomes of acceptability, appropriate-
ness, and feasibility.32

Setting and population: The PAIDSEM-P was imple-
mented in a large, metropolitan, tertiary referral hospital
which provides services for public and privately insured
patients across a wide range of specialties. The target
population for the screening tool was public patients
who underwent major orthopedic, general/colorectal,
urology, and gynecological/oncological surgery. The
target population of the intervention was health pro-
fessionals involved in delivering PAIDSEM-P. A Pre-
operative Anemia Care Coordinator (PACC) delivered
the knowledge tool, overseen by an implementation
facilitator.

Ethics: Ethical approval was granted by the Mater
Misericordiae Ltd Human Research Ethics Committee
(HREC) and administrative approval from the Univer-
sity of Newcastle HREC (AM/MML/47826). The
screening tests outlined in the PAIDSEM-P occur in
the scope of hospital policy and procedure. Any treat-
ment that arose when following the PAIDSEM-P was
provided in the setting of fully informed consent.28,33 A
waiver of consent was granted to collect data obtained
from retrospective medical chart reviews that were
subsequently de-identified. All survey participants
were provided with information and consent forms
before entering the survey.

2.3 | Change package

2.3.1 | The knowledge tool and intervention

The knowledge tool is a Preoperative Anemia and Iron
Deficiency Screening, Evaluation, and Management
Pathway (PAIDSEM-P). The intervention is the Preopera-
tive Anemia Care Coordinator (PACC), previously
described in our published protocol and displayed in
Figure 1.23

3 | IMPLEMENTATION
STRATEGIES

Theoretically informed implementation strategies sup-
porting the change package delivery are outlined in
Table 1.23 Implementation strategy selection was informed
by previously collected data that used semi-structured
interviews of relevant stakeholders (including health pro-
fessionals (n = 13) and patients (n = 2)).22 The interviews
aimed to understand the barriers to implementation of the
PAIDSEM-P. The interview data were coded using the
Consolidated Framework for Implementation Research
(CFIR),30 which includes theoretical constructs that
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influence implementation, for example, knowledge and
beliefs about an intervention—if a physician does not
know of the intervention, it cannot be expected that it will

be used in practice. Barriers identified during coding were
mapped to the Expert Recommendations for Implement-
ing Change (ERIC)27 framework to select appropriate

FIGURE 1 PAIDSEM-P change package and flow
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implementation strategies. Some strategies were not deliv-
ered as originally intended and are highlighted in bold
with an asterisk in Table 1.

3.1 | Outcomes

Outcomes of this study are reported at the provider,
patient, and health service levels.

Primary outcome (provider):
- Compliance with the National Blood Authority

Patient Blood Management Guidelines, measured by the
proportion of patients that receive recommended care,
including the performance of appropriate tests and provi-
sion of appropriate treatment and/or referral.14

Secondary outcomes (patient):
- The proportion who are anemic at the closest point

prior to surgery defined by the World Health Organization
hemoglobin levels (males <130 g/L, females <120 g/L),34

and the proportion who received a red blood cell transfu-
sion during the perioperative period.

Secondary outcome (health service):
- Cost analysis estimates the costs of the program to

the health system.
Implementation outcome:
- Acceptability, appropriateness, and feasibility of the

PAIDSEM-P.27

3.2 | Data collection and analysis

3.2.1 | Retrospective health record review

A representative sample of health records based on the
need to detect a 20% improvement in compliance with
the PAIDSEM-P post-implementation was reviewed.
Patients aged 18 years or older having major elective sur-
gery with an anticipated blood loss of >500 ml were
included in the health record review. The data collection
tool was pilot tested and reviewed by all research team
members. Demographic data, relevant pathology test
values, treatments, and complications were collected. All

TABLE 1 Barriers and strategies

Barriers
Implementation
strategies How were these delivered?

Access to knowledge
and information

Conduct educational
meetings

The implementation facilitator attended specialty group meetings and
undertook educational consultations with members of the treating team.

Education and training were provided to the preadmissions nursing team to
ensure adequate preparation to inform patients of the reason for screening
and optimization.

Develop educational
materials

A range of key stakeholders were consulted during the development of
educational resources.

*Distribute educational
materials

The patient information sheet was not delivered as initially
anticipated.

Patient needs and
resources

Obtain and use patients'/
consumers' family
feedback

Patients were consulted during the development of educational resources.

Involve patients/consumers/
family members

Patients were provided with education during their preadmission
appointment by nurses as well as by treating consultants where treatment
was required.

Conduct a local needs
assessment

Earlier phases of this research project report execution of this strategy.22

Knowledge and beliefs
about the
intervention

Conduct educational
meetings

The implementation facilitator ensured all the perioperative medicine team
and preoperative admissions team were educated on the intervention
during a launch week and, as needed, where compliance issues arose.

Available resources Access new funding Funding was obtained for a preoperative anemia care coordinator to ensure
the pathway was being followed.

Networks and
communications

Promote network weaving The implementation facilitator ensured ongoing contact and encouraged
socialization between groups at appropriate meetings.

Organize clinician
implementation team
meetings

A perioperative patient blood management working party was established
and met regularly during the pathway's formative stages. They now meet
ad‐hoc when decisions or consultation is required.

728 DELAFORCE ET AL.
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categorical variables are described using counts and per-
centages. Continuous variables are described using
means and standard deviations and, for variables likely
to be normally distributed, medians and inter-quartile
ranges are provided. Three of the outcomes are binary, so
binary logistic regression was used to obtain odds ratios
for the intervention effect. We used propensity score
adjustment based on inverse probability weighting (IPW)
to adjust for the potential confounding effects of age, sex,
and procedure. For the time-to-event outcome, length
of hospital stay, Kaplan Meier plots, and Cox regres-
sion were used for the analysis. As time-to-event out-
comes cause major difficulties for propensity score
analysis, we used standard multivariable adjustment to
get adjusted hazard ratios from our Cox proportional
hazard regression models. All analysis was conducted
using the R statistical package (v4.0.3, R Core Team,
2021), and the R library PSweight (Zhou et al. 2021)
was used for propensity score analysis. A significance
level of 0.05 was used throughout all inferential
analyses.

3.2.2 | Cost analysis evaluation

A cost analysis was undertaken from the health payer
perspective. Cost calculations are made based on the
care as delivered rather than the intention to treat.
Hospital-generated data that provided the total cost
(direct and indirect) of each care episode was provided
by the facility case-mix team. The total cost data was
used to compare the difference in cost of care pre- and
post-implementation. Based on care as delivered, the
difference in mean cost per patient care episode was
calculated. The additional costs in the post-
implementation period (total implementation funding
$50,000AUD) were deducted from any savings to calcu-
late the cost difference accurately.

3.2.3 | Survey

An electronic survey using REDCap, based on an existing
validated tool and pilot tested for content and face valid-
ity with research team members, was used. Health pro-
fessionals involved in the delivery of PAIDSEM-P were
recruited through email by members of the research
team and provided with copies of the participant infor-
mation sheet. Upon entry to the survey, the participant
information sheet was displayed, and participants were
advised that progressing to the next page confirmed
consent. Participants were asked to provide a ranking
on a Likert scale to answer questions regarding the

appropriateness, acceptability, and feasibility of the
intervention as delivered by the pathway coordinator,
as well as questions that related to previously identified
barriers. Answer options ranged from completely dis-
agree to completely agree. Survey item responses were
analyzed using descriptive statistical analysis. Because
all the data were categorical, counts and percentages
are used for reporting.

4 | RESULTS

4.1 | Demographics of included
participants

A total of 400 patients (200 pre-implementation and
200 post-implementation) were included in retrospective
medical chart audits. Included patients comprised
257 females and 143 males. The mean age of both males
and females was 62 years (±14.15). We included surgeries
from a range of specialties including orthopedics, gyne-
cology/oncology, general/colorectal, and urology. The
sample reflected the proportion of usual surgeries under-
taken annually, for example, the majority of major sur-
gery conducted is in orthopedics (see Table 2). Both
samples were homogenous in terms of sex (p = .84), age
(p = .7), and procedure (p = .17).

4.2 | Primary outcome (compliance)

Among propensity score-adjusted estimates of the inter-
vention (pre/post) effect, which accounted for the case-
mix difference between the two study periods, there was
a significant difference in compliance with PAIDSEM-P,
with the odds of compliance to the pathway post-
intervention being over 10 times higher (Odds Ratio 10.6
[95%CI: 4.406, 25.496] p < .000).

4.3 | Secondary outcomes (patient and
health service)

Despite a high increase in compliance with the pathway,
within our sample there was no statistically significant
difference in clinical outcomes (anemia on day of sur-
gery, blood transfusion utilization, and hospital length of
stay) post-implementation. However, the point estimates
favored improvements in anemia on the day of surgery
(Odds Ratio 0.79 [95% CI: 0.50, 1.25] p = .32), blood
transfusion utilization (Odds Ratio 0.86 [95% CI 0.41,
1.78] p = .69), and length of hospital stay (Hazard Ratio
0.81 [95% CI 0.59, 1.10] p = .16).

DELAFORCE ET AL. 729
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4.4 | Cost analysis

The difference in the mean cost per patient care episode
was significant between the pre/post periods, with the
mean cost being $31,996 post-implementation compared
with $45,336 pre-implementation, representing a $13,340
difference (p < .000). In the context of the study cohort post
implementation (n = 200), this represents a total saving of
$2,668,000. Given that the coordinator oversaw pathway
compliance for patients beyond those included in the study
analysis, this saving is likely to be higher in the context of
usual care. The exact area in which costs are saved is not
known as costing data in aggregate was used. That is, a
report containing the total cost of care for all included
patients (including items such as pathology, length of stay,
operating room cost, prosthesis) was used to compare costs
of care before and after the intervention. It is possible that,
despite not reaching statistical significance, the absolute
reduction in red blood cell transfusion and length of stay

may have contributed to the cost reduction. This would be
consistent with the findings of other investigators.35–37

4.5 | Implementation evaluation

A total of 11 participants completed the online survey
including preadmissions nurses (n = 4), anesthetists
(n = 3), a clinical nurse consultant (n = 1), medical offi-
cer (n = 1), surgeon (n = 1), and quality manager (ane-
mia pathway coordinator) (n = 1). Experience levels
varied from less than 1 year (n = 2), 1 to 3 years (n = 3),
3 to 5 years (n = 2), 5 to 10 years (n = 2), and over
10 years (n = 2).

Ten of eleven participants agreed or completely
agreed that the intervention was acceptable and appropri-
ate. All 11 participants agreed or completely agreed that
the pathway was feasible. Seven questions were also
included to understand if previously determined barriers

TABLE 2 Patient demographics (n = 400)

Patient characteristics Pre intervention group (n = 200) Post intervention group (n = 200) Total

Female % (n) 63.5% (127) 65% (130) 64% (257)

Male % (n) 36.5% (73) 35% (70) 36% (143)

Age—mean (SD) 62 (13.35) 62 (14.12) 63 (14.15)

Anemia on day of surgery % (n) 26.7% (52) 22.4% (44) 25% (99)

Days in hospital mean (SD) 5.80 (5.49) 5.58 (4.82) 6 (4.76)

Average blood loss (L) mean (SD) 447 (293.6) 524 (406.9) 567 (495.7)

Orthopedic—total % (n) 37% (74) 37% (74) 37% (148)

Knee arthroplasty % (n) 19.5% (39) 14% (28) 17% (67)

Hip arthroplasty % (n) 17.5% (35) 21% (42) 19% (77)

Shoulder replacement % (n) 0.0% (0) 2.0% (4) 1% (4)

Urology—total % (n) 15% (30) 15% (30) 15% (60)

Prostatectomy % (n) 8.5% (17) 7.5% (15) 8% (32)

Nephrectomy % (n) 6.5% (13) 6.5% (13) 6.5% (26)

Cystectomy % (n) 0.0% (0) 1.0% (2) 0.5% (2)

Gynecology/oncology—total % (n) 25% (50) 25% (50) 25% (100)

Abdominal hysterectomy % (n) 25% (50) 23.5% (47) 24% (97)

Myomectomy% (n) 0.0% (0) 1.0% (2) 0.5% (2)

Pelvic exenteration % (n) 0.0% (0) 0.5% (1) 0.25% (1)

General/Colorectal—total % (n) 23% (46) 23% (46) 23% (92)

Anterior resection % (n) 7.5% (15) 5.0% (10) 6.3% (25)

Bowel resection % (n) 8.0% (16) 10.5% (21) 9.3% (37)

Gastrectomy % (n) 2.0% (4) 1.0% (2) 1.5% (6)

Liver resection % (n) 2.5% (5) 2.5% (5) 2.5% (10)

Pancreatectomy % (n) 2.5% (5) 1.0% (2) 1.8% (7)

Splenectomy % (n) 0.5% (1) 3.0% (6) 1.8% (7)
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had been addressed (see Table 1).22,23 When asked if
patients understood why the pathway was being used,
one respondent stated that they disagreed, and four pro-
vided a neutral answer. Most respondents agreed that
patients are happy to have the required tests (n = 9), are
not significantly inconvenienced (n = 9), and are better
off since implementation (n = 7).

Most respondents at least agreed that the required
infrastructure is in place to support the pathway (n = 7)
and that the anemia coordinator was helpful (n = 11).
When asked about sufficient communication between
the multidisciplinary team, most provided a neutral
response (n = 7) or disagreed (n = 2). When asked if the
pathway is a priority, five respondents at least agreed
(n = 5), four provided a neutral response, and two dis-
agreed. However, six agreed that they had sufficient
resources, and seven agreed that they had sufficient infor-
mation about the pathway.

5 | DISCUSSION

This study showed that a significant improvement in
compliance with the PAIDSEM-P was achieved.
Improved compliance was associated with a significant
mean cost reduction of $31,996 per patient care episode.
The prevalence of anemia on the day of surgery was
reduced by 21%, RBC transfusion utilization was
decreased by 14%, and hospital length of stay was
reduced by 19%. However, none of these reductions were
statistically significant (Odds Ratio 0.79 [95% CI: 0.50,
1.25] p = 0.32, Odds Ratio 0.86 [95% CI 0.41, 1.78]
p = 0.69, and Hazard Ratio 0.81 [95% CI 0.59, 1.10]
p = 0.16 respectively).

Despite the improvement in compliance, there is
room to increase this further. The areas needing
improvement may have contributed to not seeing a sta-
tistically significant impact on clinical outcomes. Test
ordering compliance was quite high at almost 80%, but
the performance of those tests and subsequent treat-
ment provision (where needed) could be improved fur-
ther. Often, despite the tests being ordered by the
clinician, the patient did not have the required tests
performed or was not able to have the recommended
treatment before surgery. For example, 78% of patients
had iron studies ordered, but only 68% of patients had
the test performed. This meant it was not possible to
accurately diagnose the type of anemia in a percentage
of patients. One possible reason for this is that, during
COVID-19 outbreaks, there was a preference for using
telephone consultations as opposed to face-to-face pre-
admission visits. Patients who could travel upstairs
after their appointment and have their blood tests done

pre-COVID-19 were now posted a form in the mail and
able to complete the tests at their leisure. Other facili-
ties have faced similar barriers to achieving full com-
pliance with PAIDSEM-P, including a feasibility study
by Jin et al. in 2019, which noted the key problems as
being related to a lack of patient engagement/
participation in the context of the intervention, and
also a high rotation of hospitalists involved with deliv-
ering the pathway.38

Suboptimal patient engagement could also be because
the change package was not delivered as fully intended.
During the PAIDSEM-P change package development, a
patient information sheet was created but prevented from
being used due to major organizational changes at the
time. The patient information sheet was developed with
patients and clinicians, with the intention that it would
be available in hard copy and on the patient information
section of the hospital website. Patient education is a
known gap within the implementation of PAIDSEM-P
and patient blood management more broadly, and efforts
have been made to address this. For example, Liao and
colleagues conducted a qualitative study to understand
how consumers like to receive information about blood
transfusions.39 They found that patients liked a paper-
based brochure, and website links should they lose the
written information.39 Had the change package been
delivered as intended, information would have been pro-
vided to meet this preference. When implementing PBM,
hospitals should prioritize education of patients and be
mindful of including considering their perspectives when
developing resources; otherwise, they may not fully
engage with anemia screening and treatment. Local
refinement of the intervention that includes co-design
from patients may help improve engagement with the
PAIDSEM-P.

There are other possible reasons why we did not see a
statistically significant result in clinical outcomes. First,
the study was powered for detection of changes in com-
pliance, rather than clinical outcomes, and numbers in
our study are small with a varied surgical patient popula-
tion. In addition, as noted earlier, whereas the majority
had iron studies ordered to facilitate diagnosis, 32% did
not have tests performed. This meant it was not possible
to accurately diagnose the type of anemia in those
patients, which may have resulted in suboptimal
therapy.17

Further, our study outcomes focused on the use of
intravenous or oral iron to treat identified anemia, iron
deficiency anemia, or suboptimal iron stores without ane-
mia. Part of our PAIDSEM-P is based on the Australian
PBM Guidelines which includes identifying patients pre-
operatively with ferritin <100 mcg/L without anemia.14

This is not referred to as iron deficiency, rather as
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suboptimal iron stores for surgery that may reduce the
hemoglobin by ≥3 g/dl (the guidelines suggest iron defi-
ciency without anemia should be considered if the ferri-
tin is <30 mcg/L). The rationale for this approach is
based on iron physiology. The body needs �25 mg of iron
each day to replace senescent red blood cells.9 Most of
this iron comes from recycled worn-out or damaged red
blood cells.9 Therefore, blood loss results in loss of recy-
clable iron (1 ml of blood contains 0.5 mg of iron).9 Each
mcg/L of ferritin is equivalent to 8–10 mg of storage
iron.9 It takes �20 mcg/L of ferritin to reconstitute 1 g/dl
hemoglobin in a 70 kg adult.9 Therefore, a blood loss that
reduces a patient's hemoglobin by 4 g/dl would require
�80 mcg/L of ferritin to reconstitute that lost hemoglo-
bin.9 In this setting, the guidelines suggest considering
iron therapy.14 Post-implementation, 70 of the 200 had a
ferritin <100 mcg/L without anemia. Of these, 17% were
treated with intravenous iron. Treating suboptimal iron
stores in the absence of anemia is not going to impact the
proportion of patients with anemia preoperatively, and
would not be expected to affect in-hospital RBC transfu-
sion or hospital length of stay (LOS). Its impact is likely
to be some time after discharge from hospital. As one
large study demonstrated, 41% of patients discharged
from hospital anemic are still anemic up to 12 months
later.40 Treating suboptimal iron stores prior to surgery
or treating anemia postoperatively, may impact post-
discharge iron deficiency, anemia, and outcomes, some-
thing our study was not designed to measure.

Additionally, clinical trials of intravenous iron mono-
therapy to treat all-cause anemia in surgical patients have
shown mixed results, with some demonstrating reduced
transfusion16 and others showing no reduction.41,42 The
majority of trials, however, show increased hemoglobin.
A 2020 randomized controlled trial found that giving
intravenous iron alone to patients with all-cause anemia
prior to major abdominal surgery did not reduce transfu-
sion or mortality.41 However, it did result in significantly
increased hemoglobin levels preoperatively and postoper-
atively at 8 weeks and 6 months. It also resulted in
reduced hospital readmissions.41 Thus, treating anemia
without considering its underlying cause and mechanism
would not be expected to improve clinical outcomes.43

The diagnosis and management of preoperative anemia
is evolving in the light of increasing understanding of
iron physiology, particularly in the presence of inflamma-
tion. C-reactive protein (CRP), a marker of inflammation,
was the least performed test in our study. In the presence
of inflammation, intravenous iron monotherapy may not
be sufficient. The anemia of inflammation results in dis-
rupted iron absorption and availability, impaired erythro-
poietin production, reduced proerythroblast sensitivity,
reduced red cell survival, and often other hematinic

deficiencies.44-47 Therefore, the etiology and mechanism
of the anemia need to be accurately diagnosed to enable
the most appropriate therapy. In the 2022 International
Consensus Conference on Anemia Management in Surgi-
cal Patients (ICCAMS), only 7 of 77 studies included in
the review defined the type of anemia in the inclusion
criteria or criteria for anemia.17 Further research is
needed in therapy tailored to the specific patient and the
etiology of their anemia.15,48

The study showed cost savings of $13,340 per patient
care episode, based on a cost analysis that accounted for
the total cost of each care episode pre- and post-interven-
tion. These results are unsurprising, as an Australian net
cost analysis of a PAIDSEM-P in colorectal surgery by
Trentino et al demonstrated a mean net cost saving of
$6744 per patient, as well as significantly reduced red cell
transfusion and hospital length of stay.36 In their follow-
up study of the cost-effectiveness of a PAIDSEM-P in
colorectal surgery, the cost of screening and treatment
(nurse, consultant, and registrar time, and laboratory
tests, iron, and consumables) was outweighed several-
fold by the reduced hospital costs with a mean saving per
patient of $3776.35,36 Beyond the work by Trentino and
colleagues, evidence specifically relating to the cost effec-
tiveness of implementing PAIDSEM-P is limited.35,49 The
approaches used in this study and that of Trentino have
observational study limitations in assessing cost savings
and cost-effectiveness as there are many factors that may
have influenced the change in cost of care.49 Despite
these limitations, given the low cost for implementing a
PAIDSEM-P overseen by a coordinator, it is reasonable to
implement these programs as endorsed by the World
Health Organization.11,49

In the context of implementation outcomes, the
majority of clinician participants found that the
PAIDSEM-P was acceptable and appropriate (90%), and
there was 100% agreement that it was feasible. However,
uptake by both clinicians and patients could have been
higher, with 27.5% of patients receiving care that was
fully compliant with the PAIDSEM-P. This finding
reflects that some work may be needed to improve the
intervention and how it is delivered, and further barriers
may need addressing. When asked barrier-specific ques-
tions, there was evidence that the clinician respondents
felt patients were not sufficiently educated preopera-
tively, and there was a lack of awareness about the level
of communication between nursing and medical teams.
These issues were initially identified as barriers, indicat-
ing that the implementation approach requires adjust-
ments to enhance and strengthen the degree of education
provided for both clinicians and patients and to improve
the level of communication between treating teams when
coordinating and organizing screening and treatment for
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patients. So, although the package did significantly
improve clinician compliance, there remains room to
improve how it is delivered and supported to better
address barriers that are not yet mitigated
(e.g., knowledge and beliefs, culture, learning climate,
complexity, lack of champions, etc.). Li and colleagues
report a similar experience from a 2021 study that used
CFIR-ERIC to implement a syncope management path-
way.50 They measured both implementation and compli-
ance outcomes and found that, although there was high
acceptability at 91.7% (22 of 24 participant responses), the
intervention was only performed on 15–40% of patients
across providers.50

The 2022 ICCAMS recommended “patients should be
educated about the impact of anemia” and “patients
should be educated about the relationship between ane-
mia and RBC transfusion and the impact of increased
RBC transfusion.”17 The WHO PBM Policy Brief lists
“patient education and empowerment, informed consent
and shared decision-making” as one of the key principles
of PBM.7 Informed patients can be drivers for change in
practice.51 Future improvements to the pathway will
focus on ensuring that patients are adequately educated
and counseled on the importance of having anemia and
iron deficiency screening tests, and trying to embed more
automation so that the intervention is not person depen-
dent, that is, the screening and treatment occurs without
the need for reminders from an anemia coordinator.33

Hospitals wishing to implement PBM should consider
the lessons learned from this project and ensure that they
adequately consider how the patient can easily engage
with the PAIDSEM-P, and processes to support clinicians
to act on deranged blood tests. More attention needs to
be given to including patient consultation during devel-
opment to ensure that the patient is more prominently
involved. Involving the patient in the pathway develop-
ment may assist by gaining greater insight into their abil-
ity to engage with the pathway and facilitate better
understanding of their motivating factors to participate in
PAIDSEM-P.

6 | LIMITATIONS

There are several limitations to this study, the first of
which is that it was only powered to detect a difference
in compliance outcomes. Future research using a hybrid
effectiveness design should include sample sizes suffi-
cient to detect clinical differences as well as improve-
ments in compliance. In addition, an increasing
understanding of iron metabolism and the impact of
inflammation is highlighting the need for improved
understanding of the causes and underlying mechanisms

of anemia, diagnostic methods, and more nuanced
etiology-specific management of anemia.52 As CRP was
the least performed test, and necessary to determine ane-
mia type, we are unable to say with certainty if outcomes
were not more improved because inflammation was not
identified and factored into management.

Therefore, anemia in the presence of inflammation may
require more nuanced management. A randomized con-
trolled trial in cardiac surgery using combined therapy with
intravenous iron, erythropoietin alpha, vitamin B12, and
folic acid, given 1 day before surgery resulted in signifi-
cantly reduced red cell transfusion and increased hemoglo-
bin, reticulocytes, and reticulocyte hemoglobin content
postoperatively in the intervention group.15 Patients under-
going cardiac surgery have a high incidence of inflamma-
tion, and this trial suggests combined therapy may be more
effective in anemia in the presence of inflammation com-
pared to intravenous iron alone.48 Similarly, a systematic
review and meta-analysis of randomized controlled trials
showed erythropoietin with iron therapy compared with
iron alone significantly reduced transfusion and increased
reticulocyte and hemoglobin response in patients undergo-
ing orthopedic and cardiac surgery.53 All this highlights the
need to continue research in this area to better understand
the diagnosis of anemia and its etiology, the most appropri-
ate patient-specific therapy(s), and the most appropriate
timing of therapy.

In addition to the above, the data were collected through
a retrospective medical record review. A prospective study
that recruited patients into the pathway may provide a
clearer understanding of the clinical impact of compliance
and assist in ensuring patients are more engaged in the
pathway. In addition, the implementation outcomes are
reported only from a health provider perspective. Reasons
for reduced engagement from patients may be elicited with
further qualitative research. Finally, the cost analysis should
be considered with caution, as it is based on crude costs of
care and may not accurately represent the savings that may
be realized with a larger sample size powered to detect the
difference in blood transfusion, for example. It also does not
consider whether there were any impacts on the cost of care
as a result of COVID-19. This may have encouraged reduced
phlebotomy testing and length of stay when weighing up
the risks associated with disease transmission in the acute
care setting versus receiving an extended period of support-
ive care in hospital post-surgery.

7 | CONCLUSION

The study showed a significant improvement in compli-
ance with PAIDSEM-P, demonstrating the effectiveness
of using a theoretically informed change package to
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improve practice. However, a significant reduction in
RBC transfusions, anemia, and length of stay was not
observed. Cost savings are shown; however, further
research is needed to measure the impact of PAIDSEM-P
more accurately across a wide variety of surgical special-
ties to determine which patient populations most benefit
from the pathway treatment and when. Implementation
outcomes were favorable among clinician respondents,
but future iterations should better consider the patient
perspective.
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