OPTIMISATION OF PRE-OPERATIVE ANAEMIA IN LOWER
LIMB JOINT REPLACEMENT SURGERY: ASSESSING THE
RATES OF ALLOGENIC BLOOD TRANSFUSION AND
DURATION OF HOSPITAL STAY IN A DISTRICT GENERAL
HOSPITAL

Sara Maki!, Neil Verma!, Winifred Morris', and Jay Smith!

'Hillingdon Hospitals NHS Foundation Trust

September 11, 2020

Abstract

AIM: Orthopaedic procedures such as total hip and total knee replacements carry a significant risk of post-operative anaemia,
necessitating allogenic blood transfusions (ABT), and an increased hospital length of stay. Our aim was to investigate whether
the implementation of a local protocol designed to detect and treat pre-operative anaemia resulted in reduced ABT rates and
a shorter duration of length of hospital stay (LOS). METHOD: We retrospectively audited 683 patients undergoing primary
hip and knee replacements. We collated data for all patients about hospital length of stay and blood transfusions received.
Both descriptive statistics and univariate analysis were performed. RESULTS: 21.6% of the cohort within the study who were
anaemic at pre-operative clinic had a significantly increased median LOS of 2 days (P < 0.001), and an increased packed red cell
transfusion rate compared to non-anaemic patients (26.1% vs 2.21%, P < 0.001). However, treatment of pre-operative anaemia
did not show any significant difference in transfusion rates compared to patients who did not receive corrective treatment. The
median LOS was higher by 1 day in the treated group compared to the non-treated cohort (P = 0.005). CONCLUSION: There
is significant evidence to suggest that pre-operative anaemia can increase LOS and increase the risk of requiring post-operative
blood transfusions. However, anaemia should be regarded as a characteristic that can add to the outcome in a cumulative
manner, as opposed to an isolated factor. Further research is needed on how to better manage pre-operative anaemia in order

to improve patients’ outcomes.

What’s already known about this topic?

e Pre-operative anaemia and allogenic blood transfusion lead to poor post operative outcomes
e Pre-operative anaemia contributes to longer duration of hospital stay

What does this article add?

e This study has shown that there is no statistical difference between transfusion rates of anaemic patients
optimised pre-operatively and anaemic patients who were inadvertently not.

e Hospital length of stay is in fact longer in anaemic patients who received corrective treatment compared
to the anaemic cohort group who did not.
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Background



The World Health Organisation (WHO) originally defined anaemia based on haemoglobin (Hb) levels as <
130 g L-1 for men and < 120 g L-1 for non-pregnant women[6]. Based on this definition being widely used
within protocols across the National Health Service (NHS), there have been large variations of the reported
prevalence of anaemia within communities. Unfortunately, this definition does not account for other factors
that may have important contributions to the effects of anaemia such as age, gender, ethnicity, symptoms
of fatigue and the presence of cardiovascular disease, to name a few.

Two particular studies quote the prevalence of anaemia to be 20-25% of the population cohort presenting
for major lower limb surgeries[7, 8]. The relationship and impact of anaemia on surgical outcomes has been
widely investigated to understand if improvements in the peri-operative period can lead to better results
for patients. Historically, the initial studies began within cardiac surgery. From there, further studies were
published looking into other specialities. Specifically delving into major lower limb orthopaedic surgery,
a couple of studies suggested that allogenic blood transfusions in this cohort accounted for 8-10% of the
total donated blood transfusions within the UK][9, 10]. In addition to this, Kotze et al demonstrated that
a patient’s preoperative Hb concentration predicted the likelihood of the need to receive allogenic blood
transfusions, as well as the hospital length of stay[7]. There is evidence to suggest that both anaemia and
allogenic blood transfusions contribute in an accumulative method to risk factors for poor post-operative
outcomes[11]. A retrospective study looking at 300,000 patients undergoing non-cardiac surgery identified
that a preoperative haematocrit of less than 39% had a statistically significant increase in mortality at 30
days[12].

With an understanding of the impact of pre-operative anaemia the Network for Advancement of Transfusion
Alternatives (NATA), constituted of a multidisciplinary panel of physicians, developed guidelines for identify-
ing, evaluating and managing pre-operative anaemia in patients undergoing elective orthopaedic surgery[13].
These guidelines have been widely adapted across the UK as well as the implementation of enhanced recovery
programmes to assist patients in achieving a satisfactory and better surgical outcome.

However, to best understand the management options, we must firstly understand the cause of the anaemia.
A publication released through the AAGBI in 2015 suggested that the cause of anaemia could be cate-
gorised into 3 broad groups: nutrient deficiency anaemia, anaemia of chronic inflammation, and unexplained
anaemia[14]. Nutrient deficiency anaemia includes deficiencies in iron (accounting for the largest cause of all
anaemias at 16.6%[14]), B12 and folate.

Anaemia of chronic inflammation (or chronic disease) incorporates conditions such as chronic kidney disease,
autoimmune disorders, malignancy and inflammatory conditions. These are typically seen as normocytic and
normochromic anaemia. There is often a crossover between these 2 groups of anaemias, typically identified
by low iron stores due to the pathophysiology within the chronic inflammatory conditions. Hepcidin, a
protein secreted by the liver, is key to regulating iron levels within the plasma. It inhibits iron absorption
from the gut, as well as causing iron trapping within macrophages and liver cells. In chronic infection and
inflammatory conditions, Hepcidin production is significantly increased which can lead to a ‘functional’ iron
deficient anaemia[l15]. The second mechanism by which anaemia of chronic inflammation occurs is by the
reduction of erythropoiesis mediated by various cytokine pathways, including interleukin (IL)-6, as well as
TNFa, IL-1o and IL-1B. There is also a third and final pathway to consider, in which cytokines cause a
decrease in red cell survival and cell death. These mechanisms are also important to understand in the
post-operative period because surgery will often blunt the body’s response to anaemia through release of
these inflammatory cytokines[16], and therefore, it could be expected that blood loss and intra-operative
haemodilution could prolong the extent of post-operative anaemia.

The third category of unexplained anaemia includes those conditions that did not meet the criteria for the
previous 2 groups based on detection and tests, and those who’s conditions may not have been identified
without further specialist tests (such as myeloma). Nevertheless, these patients can still be treated in spite
of an exact cause not known.

Having understood the pathophysiology of anaemia, the NATA guidelines for the management of pre-



operative anaemia (following detection and evaluation) concentrate on the correction of nutrient deficiency
anaemia and anaemia of chronic inflammation. In the first instance, NATA recommends that nutritional
deficiencies be treated, in particular, attempting to correct iron deficiency as it is the most common cause of
anaemia. Traditionally, this has been through oral iron supplements. However, we know that these are not
always well tolerated by patients as they can lead to gastrointestinal disturbances[17]. As an alternative,
intravenous (IV) iron therapy has been recommended within the guidelines depending on the time scale as
well as the intolerance of oral iron supplements. There have been studies in which IV iron supplementation
reduced the requirements for allogenic blood transfusions in gynaecological cancer patients[18, 19].

The alternative stage recommended by NATA is the suggestion to stimulate erythropoiesis by erythropoiesis-
stimulating agents (ESA). The guidelines published first performed a meta-analysis of 41 studies looking into
the use of ESA before recommending their concomitant use with iron therapy[13], which correlates in theory
with the crossover in mechanism for the cause of anaemia in this group of patients.

Method

The Hillingdon Hospital NHS Foundation Trust perform on average over 600 elective primary lower limb
joint replacement surgeries each year across 2 main sites (Hillingdon Hospital and Mount Vernon Hospital).
This project originated as an audit to look into the compliance of a locally implemented protocol (Figure 1)
in the pre-assessment clinic to identify, evaluate, and effectively manage anaemic patients booked for elective
primary lower limb surgery.

Figure 1:
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Figure 1 - The Hillingdon Hospitals NHS Foundation Trust Pre-operative anaemia optimisation protocol



for elective total hip and total knee arthroplasties. THR: Total Hip Replacement; TKR: Total Knee Replace-
ment; Hb: Haemoglobin; RBC: Red Blood Cells; GP: General Practitioner; FBC: Full Blood Count; IV:
Intravenous.

Upon the decision to proceed for surgery, patients are referred to the pre-operative assessment clinic, where
they undergo routine investigations (full blood count, urea and electrolytes, group and save, ECG) and an
assessment of their medical co-morbidities. A protocol, based on the NATA guidelines previously discussed,
was created specifically for patients undergoing elective primary hip or knee replacement surgery. This would
be initiated at the pre-operative assessment clinic.

The haemoglobin and ferritin levels were evaluated, and patients who were identified as anaemic (as defined
by the WHO criteria of Hb <12g/dL in non-pregnant women and Hb<13g/dL in men) and have a serum
ferritin level of <100ng/ml receive oral iron therapy for four weeks through their GP. Where there is less
than four weeks before the date of surgery, patients received intravenous iron, ferric carboxymaltose, instead.

These patients are then re-assessed to see if their anaemia has been optimised. If there has been no response to
oral therapy, patients are then given intravenous iron therapy, provided that there are no contra-indications.
In patients with a serum ferritin level of more than 100 ng/mL and a Haemoglobin of less than 12 g/dL,
discussion with the haematology team is recommended to further investigate and address the cause of
anaemia.

We conducted a retrospective audit of patients who had undergone elective primary total hip or total knee
arthroplasty in 2016. A patient database was obtained from the clinical coding department. We initially
analysed all patients’ blood results using the Trust’s electronic blood test reporting system. Once the
anaemic patients were identified from their initial pre-operative assessment bloods, we used their inpatient
clinical notes, electronic discharge summaries and electronic GP records to determine which patients received
pre-operative anaemia correction treatment.

683 patients were included in the audit from the database that had undergone surgery between January 1st
2016 and December 31st 2016. From the same database, 21 patients were excluded for a variety of reasons
- 18 patients had revision arthroplasty surgeries, 1 patient had bilateral joint replacement surgery, 1 patient
was receiving blood transfusions on a regular basis prior to surgery for a complex haematological condition,
and 1 patient had no discharge summary. From this, we established that 138 patients were identified as
being anaemic at pre-operative assessment clinic (20.2% of the cohort population).

Only 25 of the 138 anaemic patients were correctly identified and managed with regards to their anaemia
and the pre-operative assessment protocol (18.1%).

Following on from the results of the audit, we decided to examine what impact anaemia and the subsequent
management protocol had on hospital length of stay and blood transfusion requirement. This was done
by 2 methods: For hospital length of stay we obtained the information from patients’ electronic discharge
summaries. For blood transfusions, we used the Trust’s electronic blood test and investigation reporting
system to determine how many units of blood were issued for each patient (if any) and cross referenced with
their electronic discharge summaries. The length of stay and blood transfusion rates were calculated for
both anaemic and non-anaemic patients.

Statistical analysis

Statistical analysis was performed using R v 3.5.2. Descriptive statistics were performed using percentage
(%) for categorical variables and using median and interquartile range [IQR] for continuous variables since the
LOS was right-skewed (non-normal). Consequently, univariate analysis was performed using Mann-Whitney
and Kruskal-Wallis test for non-normal dependent variables (e.g. LOS) when the independent variable had
two and three levels, respectively. Chi-square test of independence was used to assess the association between
anaemia and the need for transfusion.

Negative binomial regression (NBR) was used to assess the association between anaemia and LOS. Age,



gender, and site of surgery (knee vs. hip) were included as covariates to the model as a separate interest.
Results

A total of 683 patients underwent either a primary total knee replacement or a primary total hip replacement.
From the descriptive statistics in the table below (Table 1), the percentage of females (n = 419, 61.3%) was
higher compared to males (n = 264, 38.7%) in the study sample; knee procedures represented 63.7% (n =
435) of the total procedures performed. Anaemia was present in 138 patients (20.2%) and transfusion was
performed in 48 patients (7.05%) of the total study sample. The median length of stay was 4 [IQR 3 - 7]
days.

Table 1. Descriptive statistics for the study sample
Summary descriptives table
[ALL] N=683
Gender:
Female
419 (61.3%)
Male
264 (38.7%)
Age group:
<65
217 (31.8%)
65-75
259 (37.9%)
>T5
207 (30.3%)
Site:
Hip
248 (36.3%)
Knee
435 (63.7%)
Anaemic:
No
545 (79.8%)
Yes
138 (20.2%)
Transfusions performed:
No
633 (93.0%)



Yes
48 (7.05%)
Length of stay
4.00 [3.00;7.00]

Statistical analysis results in Table 2 showed that the median length of stay was significantly higher in
anaemic patients compared to non-anaemic patients (6 days vs. 4 days, P < 0.001). As expected, allogenic
blood transfusions were given to a significantly higher number of anaemic patients compared to non-anaemic
patients (26.1% vs. 2.21%, P <0.001).

Table 2. Univariate analysis by anaemia
Summary descriptives table by groups of ‘anaemic’
Non-anaemics N=545
Anaemics N=138
P
Gender:
0.253
Female
328 (60.2%)
91 (65.9%)
Male
217 (39.8%)
47 (34.1%)
Age group:
<0.001
<65
193 (35.4%)
24 (17.4%)
65-75
206 (37.8%)
53 (38.4%)
>T5
146 (26.8%)
61 (44.2%)
Site:
0.007
Hip



212 (38.9%)
36 (26.1%)
Knee
333 (61.1%)
102 (73.9%)
Transfusion:
<0.001
No
531 (97.8%)
102 (73.9%)
Yes
12 (2.21%)
36 (26.1%)
LOS
4.00 [3.00;6.00]
6.00 [4.00;8.00]
<0.001

Statistical analysis was performed using Mann-Whitney test for length of stay and Chi-square test for
independence for all the remaining comparisons

Statistical analysis was performed using Mann-Whitney test for length of stay and Chi-square test for
independence for all the remaining comparisons

Statistical analysis was performed using Mann-Whitney test for length of stay and Chi-square test for
independence for all the remaining comparisons

Statistical analysis was performed using Mann-Whitney test for length of stay and Chi-square test for
independence for all the remaining comparisons

The need for blood transfusion was significantly different between the three groups (P < 0.001). Pairwise
comparisons (Table 3) showed that the percentage of patients who required transfusion was lower in non-
anaemic patients compared to correctly treated patients (2.2% vs. 24%, P < 0.001) and incorrectly treated
patients (2.2 vs. 26.5%, P < 0.001) but not between correctly and incorrectly managed anaemic patients (P
> 0.05).

Table 3. Pairwise comparisons between anaemics, correctly and incorrectly treated groups
Summary descriptives table by groups of ‘cat’

Group

Group

Group

P for pairwise comparisons#

P for pairwise comparisons#



P for pairwise comparisons#
Group 1 (G1) N=545 Non-anaemic
Group 2 (G2) N=25 Anaemic Correct protocol
Group 3 (G3) N=113 Anaemic Incorrect protocol
P
G1 vs. G2
Gl vs. G3
G2 vs. G3
Transfusion
<0.001
<0.001
<0.001
0.991
No
533 (97.8%)
19 (76.0%)
83 (73.5%)
Yes
12 (2.20%)
6 (24.0%)
30 (26.5%)
LOS
4.00 [3.00;6.00]
7.00 [6.00;10.0]
6.00 [4.00;8.00]
<0.001
<0.001
<0.001
0.005

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.



* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

* Statistical significance was determined by using Kruskal-Wallis test for LOS and Chi-square test of inde-
pendence for transfusion rates. #Statistical analysis for pairwise comparisons was performed using Mann-
Whitney test for LOS and Chi-square test of independence for transfusion rates.

Using negative binomial regression analysis as illustrated in table 4 below, we are able to look at independent
variables to predict their impact on LOS.

Table 4. Negative binomial regression analysis for predictors of Length of Stay

Incidence Rate

Predictors Ratios (IRR) Lower 95% CI Upper 95% CI P
Non-anaemia 0.97 0.88 1.08 0.59
Anaemia 1.53 1.26 1.87 < 0.001
(correctly

treated)

Site (Knee) 0.9 0.79 1.01 0.08

Age (65-75) 1.13 1.04 1.23 0.004

Age (>75) 1.45 1.33 1.59 < 0.001
Gender (Male) 0.91 0.85 0.98 0.011
Transfusion (Yes) 1.49 1.28 1.73 < 0.001
*Incorrectly *Incorrectly *Incorrectly *Incorrectly *Incorrectly
treated anaemic treated anaemic treated anaemic treated anaemic treated anaemic
patients were patients were patients were patients were patients were
used as the used as the used as the used as the used as the
control group control group control group control group control group

The expected LOS does appear to be lower in non-anaemic patients. However, this was not proven to be
statistically significantly when compared to patients in whom the anaemia was not corrected (IRR = 0.97, P
> 0.05). However, using the same comparison group the expected LOS is 53% higher in participants whose
anaemia was corrected (IRR = 1.53, P < 0.001).

Site of surgery showed a statistically significant association with the expected LOS (IRR = 0.9, P = 0.05),
which indicates that the expected LOS was 10% lower among participants who underwent knee surgery
compared to participants who underwent hip surgery. Age was also a significant predictor of LOS. The
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expected LOS in patients aged 65 — 75 and > 75 was 13% (P < 0.05) and 45% (P < 0.001) higher compared
to patients aged < 65 years, respectively. Gender showed a statistically significant association with LOS
(IRR = 0.92, P < 0.05) where the expected LOS was 8% lower in men compared to women. Finally, blood
transfusion significantly predicted a 49% increase in the expected LOS (IRR = 1.49, P < 0.001).

Discussion
The impact of hospital length of stay

Understanding the relationship between anaemia and surgical outcomes is a complex model to comprehend
with the multiple covariates that come associated with low haemoglobin levels. For example, Table 2 shows
the increase incidence of anaemia with increasing age (P < 0.001), but it is possible that increasing age alone
could bring its own challenges when considering co-morbidities (such as coronary artery disease), frailty
and social circumstances. Consequently, when interpreting the results, it is perhaps fair to suggest that
the relationships be considered more as an additive contribution rather than a stand-alone single causative
characteristic[8].

Considering the LOS in this study, the evidence concludes that non-anaemic patients had a statistically
significant reduced hospital length of stay than the anaemic patients undergoing major lower limb surgery
(primary hip and knee replacements). Studies have shown that an enhanced recovery programme (ERP)
can reduce length of stay[20,21], and many hospitals within the UK now deploy an enhanced recovery pro-
gramme which include a multidisciplinary approach to the patient’s overall care. This includes pre-operative
assessment to optimise patients medically, looking at anaesthetic techniques to reduce post-operative pain,
early mobilisation with the aid of physiotherapists, and surgical techniques. This study focuses on the
pre-optimisation of anaemia, just one significant aspect of the ERP given the population that present with
anaemia in this cohort.

However, as stated previously, this particular characteristic cannot be taken in isolation, and must be consid-
ered as an additive variable. Studies have shown that anaesthetic technique for lower limb joint replacements
can alter the patient experience and the surgical outcomes as well[21]. For example, the use of general anaes-
thesia has shown to increase the requirements of post-operative opiate use for analgesia[22], which can lead
to an increase incidence of post-operative nausea and vomiting as well as a reluctance and difficulty in early
mobilisation due to pain — both of which can increase hospital length of stay[23]. In this study, we did
not examine the type of anaesthesia used in all patients, the type of opiate used intrathecally for regional
techniques (short acting fentanyl vs longer acting diamorphine) and the dose it was used in, and nor did
we evaluate the concomitant use of non-steroidal anti-inflammatory drugs (NSAIDs) which may often be
omitted in patients whose conditions may contraindicate its use. Likewise, taking into consideration surgical
techniques, we did not review the use of local anaesthetic infiltration into the surgical site as recommended by
the Hillingdon and Mount Vernon rapid recovery programme anaesthesia and analgesia guideline published
in 2014 (Figure 2).

Figure 2:
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The Hillingdon and Mount Vernon Hospitals
Rapid Recovery Programme Anaesthesia and Analgesia Guidelines CM Mar 2014

Anaesthesia and analgesia for patients undergoing hip and knee arthroplasty (THR and TKR)
Spinal or CSE
+ Intrathecal heavy bupivacaine 0.5% 2.0-2.5ml (consider lower dose for short procedure)
+ Intrathecal fentanyl 25 microgm
Intraoperative
+  Tranexamic acid 1gm slow IV bolus in 100ml saline 10 minutes before skin incision or
10 minutes before tourniquet is deflated.
+  Propofol - target controlled infusion 1-2pg/ml
+ Dexamethasone 6.6mg IV
+  Anti-emetic IV
+ Paracetamol 1g IV
+  NSAID IV (if not contra-indicated)
Local analgesia infiltration by surgeon - knee replacements only
+ Ropivacaine 0.2% 100ml with 1:100,000 adrenaline into all tissues incised or
manipulated during the procedure
+ Ropivacaine 0.2% 50 ml plain into all incised superficial tissue.
Intravenous fluids
+  Appropriate volume/type to estimated blood loss and clinical condition (i.e. no evidence
that ‘wet’ or ‘dry’ management is superior)
+  Crystalloid (plasmalyte) rather than colloid
Postoperative medications
Regular
*  Oxycodone MR 5,10 or 15mg PO BD - write exact dose at 8am and 8 pm.
+ Paracetamol 1g PO QDS
+  NSAID if not contraindicated (age is a relative contraindication only)
*  Anti-emetic
* Lactulose 10-20mls BD and Senna 2 tabs BD.
*  Consider PPI for gastric protection
PRN
* Oxycodone 5-10mg Zhrly (follow oxycodone protocol)
» Tramadol 50-100mg QDS (substitute as oxycodone is reduced)
General points
+  Monitor and maintain normal temperature throughout time in theatre
+  Urinary catheter only if clinically indicated and short term only
+  Encourage early oral fluids post op - document on IV prescription
+  Prescribe a dose of oxycodone on front of prescription chart timed for when spinal starts
to wear off.

Figure 2 — The Hillingdon and Mount Vernon Hospitals Rapid Recovery Programme Anaesthesia and
Analgesia Guidelines

Interestingly, the study does raise questions with regards to the management of anaemic patients. Anaemic
patients who did not have their anaemia corrected had a statistically significant reduced LOS than anaemic
patients who were managed according to the protocol (median LOS 6 days vs 7 days, P = 0.005). Negative
binomial regression analysis also signifies that managing anaemia according to the protocol does have a
predictably longer LOS as demonstrated in Table 4 (P < 0.001), thus supporting the evidence seen. This
would suggest that the current management protocol is not effective. NATA guidelines had suggested that as
well as iron therapy, erythropoietin injections could also be considered as part of the management protocol[8,
13] to manage both iron deficiency anaemia and anaemia of chronic disease. It is also worth noting that oral
iron therapy is not always well tolerated by patients (with the side effects of gastrointestinal disturbances) and
hence, patient compliance may play a factor in the results seen. Nevertheless, with the small sample size of 25
anaemic patients receiving pre-operative treatment, and without examining the anaesthetic technique used
(general vs regional anaesthesia) it is difficult to speculate on the cause for this difference seen. However, the
statistics do show a significant difference and it is one that could benefit from further studies to understand
this better. It is also worth taking into consideration complications unrelated to anaemia and the surgery
which could have contributed to some patients requiring a longer length of stay, for example, post-operative
hospital acquired pneumonia or myocardial infarction. These are not reflected separately in the results, and
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although they may be comparably low in numbers, they may skew the data in a small cohort.
The impact on allogenic blood transfusion rates

Correspondingly, allogenic blood transfusion rates also showed a predictable pattern with the incidence of
transfusion being significantly less in non-anaemic patients than compared with anaemic patients (2.2 vs
26.1%, P < 0.001). However, there was no significance identified for transfusion rates between the 2 groups
of anaemic patients (those treated pre-operatively vs those who did not receive pre-operative treatment).
Similarly to the possible theory behind the LOS in both of these groups, questions may be asked of whether
the use of erythropoietin injections to help stimulate growth of red blood cells as well as patient compliance
to oral iron therapy contribute to these results. However, there are other significant factors that have not
been taken into consideration when examining the transfusion rates. For instance, we did not account for the
blood loss recorded for each patient. Primary knee replacement surgery commonly makes use of a tourniquet
to reduce blood loss and assist in the visualisation of the surgical field — a surgical technique not possible with
hip arthroplasties. It may be worth in the future considering the difference between the 2 sites of surgery
and looking at each individual’s outcomes. The guideline illustrated in figure 2 above, also advocates the
use of tranexamic acid, another factor we have not included in our analysis.

It is worth considering in this section transfusion threshold. The decision to give allogenic blood transfu-
sions often rests on checking Hb levels, and considering a patient’s existing medical co-morbidities. When
authorising blood transfusions, a risk versus benefit model must be considered as there are potential clinical
incentives as well as cost benefits to be gained from avoiding it if it is not necessary[14], with each unit of
packed red cell costing the Trust £133.22. There have been a variety of studies looking at strategies of liberal
versus restrictive blood transfusions, and their outcome[24, 25]. The TRICC trial suggested that there was an
equivalent benefit of using a restrictive strategy in ABTs within the elderly, but possibly a superior benefit
in the under 55s[26]. Another study involving elderly patients with hip fractures suggested that liberal use
of ABTs in patients with pre-existing risk factors for cardiac disease also showed no evidence of differences
between the 2 groups[27].

Guidelines for anaesthetists within the UK were first published in 2008, followed by an update in 2016 which
are more suggestive of using a restrictive ABT strategy to treat the anaemia in perspective to the surgery as
opposed to their pre-operative haemoglobin level[28]. However, there is a loop hole to this guideline in which
it suggests that transfusions maybe considered in patients who are symptomatic. This margin inevitably leads
to a grey area in which patients and clinicians perceive the need for ABTs. This inconsistency in clinical
management is one factor that may explain the unexpected results when analysing the 2 groups within the
anaemia arm of the study. Another factor to also consider is that within the data reviewed, there was no
specific mention of whether autologous blood transfusions were given via use of a cell salvage machine, thus
reducing the possible need for allogenic blood transfusions.

Conclusion

With anaemia present in a significantly large proportion of the population presenting for lower limb joint
replacement surgery, the results of this study signify a difference in length of hospital stay and transfusion
rates between non-anaemic patients and anaemic patients. However, this study has shown that there is no
statistical difference between transfusion rates of anaemic patients optimised pre-operatively and anaemic
patients who were inadvertently not. Furthermore, the hospital length of stay is in fact longer in anaemic
patients who received corrective treatment compared to the anaemic cohort group who did not.

It is important to consider the impact of anaemia as a contributing variable to the outcome as opposed
to a stand-alone characteristic, particularly as there are limitations to this study. These include taking into
consideration other relevant and important factors such as peri-operative blood loss, patients’ co-morbidities,
anaesthetic techniques and transfusion thresholds for individual patients.

Nevertheless, although patients should ultimately be managed on an individual basis in contrast to treating
their numbers, more research would be beneficial in ascertaining on how to best manage anaemic patients
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to improve and match their outcome to their non-anaemic counterparts, as well as be able to bring the cost
down for the NHS.
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