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ABSTRACT
BACKGROUND: Pre-operative (pre-op) anemia contributes to the risk of transfusion in
total joint replacement patients. This study 1) evaluated blood usage among total joint
replacement patients, 2) determined the estimated hemoglobin (Hb) decline, and 3)
reviewed cell saver usage. A proposed guideline for an anemia management program was
reviewed as a strategy to minimize transfusion risks for these patients.
STUDY DESIGN AND METHODS: A total of 254 patients who underwent primary
total joint replacement surgeries at this facility between January 1 and July 18, 2013 were
evaluated. Data included patient demographics, type of joint, autologous blood predonation, cell saver use, pre- and post-op Hb, and number of allogeneic red blood cell
units transfused.
RESULTS: Pre-op anemia was more prevalent in transfused patients (57.9%) compared
to the non-transfused patients (10.4%) (p < 0.0001). Pre-op Hb in the transfused group
was 1.8 g/dL lower than the non-transfused group. The mean Hb delta was 3.0 g/dL.
Cell saver usage did not decrease transfusion rates nor increase post-op Hb values.
CONCLUSION: This facility has a low transfusion rate for total joint replacement
surgery patients, though pre-op anemia was more prevalent in the transfused patient
group. The mean post-op Hb decline can be used in conjunction with pre-op values to
predict blood usage and target pre-op treatment. A higher transfusion rate among patients
who used a cell saver suggests a need for further investigation into the efficacy of its
usage. Establishing a pre-op anemia management program could further decrease
transfusions and costs, and improve patient outcomes.
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INTRODUCTION
Pre-operative (pre-op) anemia is associated with higher blood transfusion rates among
patients undergoing total joint replacement surgery and other major orthopedic surgeries.1
Blood transfusions carry a variety of risks including post-operative (post-op) infections,
poorer outcomes, increased length of stay and increased mortality.1 The implementation
of a pre-op anemia management program can mitigate the risk of transfusion in total joint
replacement patients and thereby improve outcomes.2
This study evaluated blood usage among total joint replacement patients to
determine the estimated hemoglobin (Hb) decline post-op for predicting transfusion
needs. Cell saver usage was evaluated for correlation to allogeneic (allo) red blood cell
(RBC) transfusion. A proposed guideline was reviewed as a strategy to minimize
transfusion risks as part of an anemia management program for patients undergoing
major orthopedic surgeries.

MATERIAL AND METHODS
Patients
A total of 254 patients who underwent primary total joint replacement surgeries at this
facility between January 1 and July 18, 2013 were evaluated. No joint replacement
revision surgeries were included in this study. This study was approved by the facility’s
Institutional Review Board.
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Data Collection
Laboratory data was collected using Siemens Soarian Health Information System
software (Munich, Germany). These data included pre-op Hb from a sample collected up
to 21 days prior to surgery, number of allo RBC units transfused intra-operatively (intraop) and up to 30 days post-op, and next available post-op Hb (typically collected the
morning after the procedure). Hb was analyzed on the Sysmex XE-2100 Hematology
analyzer (Kobe, Japan). Post-op Hb values for transfused patients were collected but not
analyzed, since these Hb values could be elevated due to the transfusion and not
accurately reflect post-op Hb decline. Patient data collected from chart review included
age, gender, use of perioperative cell saver technology, and surgery type (knee or hip).
The current practices of this facility are that few patients undergoing such
surgeries pre-donate autologous (auto) units. Only one patient pre-donated 2 auto units
and the units were not transfused. Therefore, this data was not included in this study.

Hb Reference Range and Transfusion Trigger
WHO defines anemia as Hb <12.0 g/dL in a female and <13.0 g/dL in a male.3 However,
this facility has a defined reference range for Hb of 12.0-16.0 g/dL for females and 12.017.5 g/dL for males. To stay consistent with literature, this study used the commonly
defined Hbs for anemia of <12.0 g/dL for females and <13.0 g/dL for males. For
orthopedic surgery patients, this facility’s transfusion guidelines dictate that patients with
active bleeding and/or Hb <7.0 g/dL require RBC transfusion.
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Statistical Analysis
Chi-square analysis was calculated to assess associations between pre-op Hb and RBC
transfusions, and between cell saver usage and RBC transfusions. Differences were
considered significant at p values of less than 0.05.

RESULTS
Of the 241 patients evaluated, 111 had hip replacements and 130 had knee replacements.
The majority of joint replacements were unilateral though 6 bilateral joint replacements
were noted with no significance to the results discussed in this study. The mean age was
67 years (range 23-88 years). Table 1 shows the patient demographics that included 141
females (58.5%) and 100 males (41.5%). The cell saver was used in 55 cases (22.8%).
Pre-operatively, the mean Hb was 13.6 g/dL (range 9.0-16.9 g/dL). Post-op Hb was not
analyzed as some patients in this group were transfused intra-op and/or post-op. A total
of 33 patients (13.7%) were anemic (Hb ranges 9.0-11.8 g/dL for females and 9.4-12.9
g/dL for males) prior to their surgery. Thirteen patients were excluded for lack of
laboratory data (12 were missing pre-op laboratory values and one was missing post-op
values).
Of the 241 patients, 222 (92.1%) patients were not transfused. One-hundred and
two patients in this subset had hip replacements and 120 had knee replacements. The
mean age was 67 years (range 23-88 years). There were 131 females (59.0%) and 91
males (41.0%). The cell saver was used in 51 (22.3%) patients. Pre-operatively, the
mean Hb was 13.8 g/dL (range 9.0-16.9 g/dL). Post-operatively, the mean Hb was 10.8
g/dL (range 8.2-15.3 g/dL). The mean drop in Hb from pre-op to post-op was 3.0 g/dL.
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There was virtually no difference in the mean drop in Hb between males and females.
The Hb decline for hip replacements was higher at 3.3 g/dL compared to knee
replacements at 2.7 g/dL. Of the 222 non-transfused patients, 24 (10.8%) were anemic
(Hb ranges 10.9-11.8 g/dL for females and 11.5-12.9 g/dL for males) prior to their
surgery.
Of the 19 patients who were transfused, nine had hip replacements and 10 had
knee replacements. The mean age was 71 years (range 57-87 years). There were 10
females (52.6%) and nine males (47.4%). The cell saver was used in six patients (31.6%)
all of whom received allo units as well. The mean pre-op Hb was 12.0 g/dL (range 9.015.3 g/dL). Post-op Hb was not analyzed as all patients in this group were transfused
intra-op and/or post-op. A total of 30 allo RBC units were transfused to these 19 patients,
3 units being transfused intra-op and 27 post-op. Of the 19 transfused patients, 11
(57.9%) were anemic (Hb ranges 9.0-11.6 for females and 9.4-12.7 g/dL for males) prior
to their surgery.
With regard to blood transfusion in total joint replacement patients, similarities
and differences should be assessed to help better predict blood usage (Table 1). Patients
were slightly older in the transfused group (71 years) compared to the non-transfused
group (67 years). The gender ratio in the two groups was virtually the same; there were
more females than males in both groups.
Pre-op anemia was more prevalent in the transfused patients (57.9%) compared to
the non-transfused patients (10.4%) (p < 0.0001). The pre-op Hb in the transfused group
was 1.8 g/dL lower compared to non-transfused group (Table1). The mean Hb drop in
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non-transfused patients was 3.0 g/dL, with a larger drop in hip replacements over knee
replacements (Table 2).
Cell saver was used in the surgeries of 57 of 241 (23.7%) patients (Table 3), and
the usage was slightly higher in the transfused group (31.6%) compared to the nontransfused group (22.3%). Of the patients who used the cell saver, six (10.5%) were
transfused with allo RBC units. Of the 184 patients who did not use the cell saver, 13
(7.1%) were transfused with allo RBC units (p = 0.397). The two groups had virtually
the same post-op mean Hb, when excluding transfused patients, at 10.7 g/dL for those
who used cell saver and 10.8 g/dL for those who did not.

DISCUSSION
It has been well established that pre-operatively anemic orthopedic patients are more
likely to require transfusions. Jans et al reported that a much larger proportion of
transfused patients were anemic pre-operatively when compared to non-transfused
patients.4 Spahn et al also illustrated that lower pre-operative Hb levels in patients
appear to “trigger” blood transfusions.5 Beirbaum et al found a correlation between
blood transfusion and a pre-operative Hb <13 g/dL.1 Callaghan and colleagues cited that
pre-operative Hb level and anemia are major contributing factors in predicting
transfusion in total joint replacement patients.6 Similarly, data in this study showed a
correlation between pre-operative anemia and blood transfusion in total joint replacement
surgery patients. There was a much higher incidence of anemia in the transfused patient
group. Additionally, this study showed a decrease in pre-operative Hb of 1.8 g/dL among
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transfused patients (mean 12.0 g/dL) compared to non-transfused patients (mean 13.8
g/dL).
However, this facility showed a lower transfusion rate (7.9%) for total joint
replacement patients compared with another study that reported 14.5% of the 449 patients
who underwent total joint replacement surgeries were transfused with red blood cells.7
This can be attributed to the work of a blood management consulting group and the
revamping of transfusion education and guidelines throughout this facility. This
consulting group reviewed transfusion data and compared this facility’s transfusion
practices with the best practices. They also provided physician continuing education
regarding blood transfusion management. Finally, the consulting group refined this
facility’s transfusion guidelines.
Similar to the overall lower transfusion rate, this facility’s auto pre-donation rate
and cell saver usage rate were 0.4% and 22.8%, respectively, which were lower than the
respective rates of 30.3% and 76.8% reported in the 2013 study by Perazzo et al.8 These
findings can also be attributed to effective education of medical staff. The mean Hb delta
of 3.0 g/dL at this facility was consistent with values reported in the study by Callaghan.6
Of note, the three patients excluded for missing data were transfused with a total
of 10 RBC units (2 intra-op and 8 post-op), which accounted for 25.0% (10/40) of the
total units transfused in the original patient set. This may indicate that lack of preoperative Hb evaluation may lead to higher transfusion rates.
There are conflicting practices regarding the use of cell saver technology in total
joint replacement surgeries. Previous reports have shown infusion of shed blood (i.e. cell
saver use) decreases the likelihood of allo transfusions in total joint replacement
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patients.5,8,9,10 Moonen reported a 0.4 g/dL increase in post-op day one Hb for those who
used cell saver compared to those who did not.9 However, a recent report shows that the
use of cell saver did not decrease the incidence or quantity of allo transfusions in total
joint replacement patients. Rather, the use of cell saver increased costs and extended
length of stay.11 This facility showed a higher frequency of transfusion in patients who
used the cell saver compared to patients who did not, indicating that the use of cell saver
did not reduce the need for transfusion but instead increased the incidence of transfusion.
At this facility, the post-op Hb values were virtually the same for the patients who used
the cell saver and the patients who did not.
The mean drop in Hb from pre-op to post-op can help forecast which patients
could be at higher risk for transfusion based on lower pre-op values. Managing a
patient’s anemia prior to surgery could reduce allo transfusions.6 This study showed a
mean 3.0 g/dL decrease in Hb post-op for total joint replacement patients. Combined with
the Hb transfusion trigger of 7.0 g/dL at this facility, it can be assumed that the large
majority of patients with a pre-op Hb <10.0 g/dL will require transfusion. Results of this
study revealed that four of four (100%) patients with a pre-op Hb of <10.0 g/dL required
allo RBC transfusion.
One strategy to manage pre-operative anemia and the risks associated with
transfusion and blood exposure is a pre-operative anemia management program, which
has the potential to provide more effective blood usage and cost savings while also
improving patient outcomes.1 One such comprehensive pre-operative anemia
management strategy was proposed by Goodnough (Fig. 1.) 2 In a study comparing
transfusion rates among patients managed pre-operatively for their anemia vs. those not
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managed, no patients in the anemia management program were transfused allo RBCs
while 27.4% of patients in the control group were transfused.12 Data from this study will
contribute to the development and implementation of a pre-operative anemia
management program at this facility.
The target pre-operative Hb levels for an anemia management program should be
above the WHO thresholds for anemia to decrease transfusion risks, as the majority of
transfused patients in our study were anemic pre-operatively. The program should
include the evaluation of pre-operative anemia and bleeding risk through laboratory
studies and also exclude the use of anti-platelet and anticoagulant drugs prior to surgery.6
If anemia is detected, additional tests should be performed to determine cause due to
nutritional deficiencies (iron studies), chronic renal insufficiency (serum creatinine and
glomerular filtration rate) or chronic inflammation. Anemias of unknown cause should
also be investigated as secondary to another condition.2 A recommendation from the
Circular of Information is to treat anemias that can be corrected by iron, vitamin B12,
folic acid and erythropoietin with such hematinic medications in lieu of blood.13
Anemias detected at least 28 days prior to surgery may allow more sufficient time for
erythropoiesis.13
For this facility, future research needs related to pre-operative anemia and
transfusion management in total joint replacement patients should include the
investigation into the current use of the cell saver in total joint replacement surgeries to
determine its appropriateness and efficacy. Another area for investigation should include
a review of this facility’s data following the implementation of a pre-operative anemia
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management program. Comparative data of this type would be useful in validating the
benefit of a pre-operative anemia management program at this facility.
In conclusion, the results of this study were consistent with previous reports that
pre-operatively anemic total joint replacement patients require more blood transfusions.
A patient with a pre-op Hb of <10.0 g/dL will likely require transfusion. The facilitydefined transfusion trigger of a 7.0 g/dL Hb combined with a 3.0 g/dL mean decline in
Hb resulted in 100% patients with a <10.0 g/dL Hb requiring allo transfusion, but an
anemia management program has the power to mitigate pre-operative anemia and
improve patient outcomes.
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Table 1: Age, gender, use of cell saver, and pre-op Hb between non-transfused and
transfused patients.

All Patients (241)
Non-transfused (222)
Transfused (19)

Gender
Age
Female Male
(mean)
(%)
(%)
67
58.5
41.5
67
49.0
41.0
71
52.6
47.4
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Cell Saver
(% used)
22.8
22.3
31.6

Mean Preop Hb
(g/dL)
13.6
13.8
12.0

Pre-op
Anemia
(%)
13.7
10.8
57.9

Table 2: Pre- and post-op Hb delta values in non-transfused patients.

All Patients
Females
Males
Knee Surgery
Hip Surgery

Delta Mean Hb
(g/dL)
3.0
3.0
3.0
2.7
3.3
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Table 3: Transfusions and post-op Hb relevant to cell saver usage.

Used Cell Saver
No Cell Saver

Patients
#
%
57
23.7
184
76.3

# Units Transfused
Intra-op Post-op Total
2
9
11
1
18
19
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Patients
Transfused
#
%
6
10.5
13
7.1

Post-op Hb
(g/dL)
10.7
10.8

Fig 1: Proposed algorithm for the detection, evaluation and management of pre-operative
anemia. 2

No

Hb <12 g/dL for females
Hb <13 g/dL for males

No action required

Yes
Evaluation Necessary

Iron Status?

FE <30 µg/dL
and/or FESAT <20%

FE 30-100 µg/dL
and/or FESAT
<20%

FE >100 µg/dL
and/or FESAT <20%

Serum creatinine
Glomerular filtration rate

Abnormal

Normal

Vitamin B12 and/or folic
acid

Rule out iron
deficiency

Normal

Chronic kidney disease

Iron deficiency,
Consider referral to
gastroenterologist to
rule out malignancy

Consider referral to nephrologist

No Response

Iron Therapy:
(i) Oral iron in divided doses
(ii) I.V. iron if intolerance to oral iron,
gastrointestinal uptake problems (hepcidin), or
short timeline before surgery

Low

Anemia of chronic disease

Folic acid and/or Vitamin B12
therapy

Erythropoiesis-stimulating agent therapy

FE = serum iron
FESAT = iron saturation
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