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Introduction
Arthroplasty of the knee replacement is considered to be the most 

commonly surgical reconstructive procedure performed in the United 
States of America [1]. Upon data collection, there are more than 350,000 
total knee replacements (TKR) in 2007, and may be increasing to 
500,000 operations in 2020 [2]. The loss of blood during this operation 
can be remarkable, with the capacity usually varying from 300 to 1000 
ml [1]. One study reported the significant quantity of blood loss that 
varied from 1450-1790 ml [2]. It was reported by Lotke et al. that the 
average loss of blood in total knee replacement calculated from the peri-
operative drop in hemoglobin (Hb) was 1518 ml and mean hematocrit 
(Hct) drop was 5% [1,3,4]. The anemia from peri-operative blood loss 
was highlighted to be the cause of post-operative infection, slow physical 
recovery, lengthening of hospitalization, as well as increase in morbidity 
and mortality.

In order to reduce blood loss during total knee replacement, several 
blood management strategies have been introduced, as demonstrated in 
Figure 1. Firstly, pre-operative blood management strategies have the 
intention of achieving optimal level of hemoglobin so that the patients 
can withstand physiologic change related to the loss of blood from the 
surgical operation [1]. Several procedures belonging to this strategy 
include the consumption of iron for 256 mg/day, vitamin C for 1,000 mg/
day, folic acid supplementation for 5 mg/day, pre-operative autologous 
blood donation (PAD), epoetin alfa administration [1]. Secondly, intra-
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Abstract
Introduction: Blood transfusions have been reported to cause post-operative complications. Despite the protocols 

being conducted to minimize the utilization of blood transfusion and improve the standard of care in blood transfusion 
strategy, there is no consensus on transfusion indication threshold.

Objectives: This study assessed the effect and complication using a new restrictive blood transfusion strategy 
threshold in patients undergoing total knee replacement.

Materials and methods: This study performed observational evaluation on the proportion of patients to be 
transfused with the new restrictive blood transfusion strategy (Hb level below 8 g/dL and/or presence of symptoms of 
anemia) and compared post-operative symptoms of transfused patients to un-transfused patients, who underwent total 
knee surgery at Police General Hospital. A total of 120 patients were studied. Patients’ demographics, peri-operative 
parameter, and post-operative symptoms in conjunction with length of hospitalization were compared between groups. 
Statistics was determined for each parameter and analyzed using Student’s t-test, Pearson’s chi-square test, Fisher’s 
exact test, and odd ratio at 95% confidence level.

Results: Of 120 patients, 12 patients (10%) were transfused. The post-operative complications including 
cardiovascular, respiratory, gastrointestinal, infection, and other symptoms did not differ significantly between transfused 
and un-transfused patients (p>0.05), except that there was more neuropsychiatric symptom in the un-transfused group 
than the transfused group (in 16.3% vs. 1.6% of patients; 95% CI 1.43-101.97), whereas the length of hospital stay was 
not different between groups (p>0.05). Blood utilization reduction with the new transfusion strategy was 74 units.

Conclusion: Among patients undergoing total knee replacement, most patients with hemoglobin level 8-10 g/dL 
were tolerant to the new transfusion strategy (90.24%). Further, post-operative symptoms were not significantly higher 
between transfused and un-transfused patients. Also, as in the aforementioned study, the new transfusion strategy is 
considered relatively safe and can be effective as a blood conservative algorithm.
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operative policies intend to reduce the significant loss of blood during 
surgical procedure as well as immediately after the operation [2]. This 
strategy can be achieved through the application of tourniquet [1,5], 
tranexamic acid (TA) [5-7], peri-articular analgesic injection containing 
epinephrine [5], topical hemostatic agents (for example, platelet-rich 
plasma [1] and fibrin sealants [1,5]), argon-beam coagulation (ABC) 
[1], bipolar sealants electrocautery devices [4], and acute normovolemic 
hemodilution (ANH) [1]. Thirdly, post-operative management, such 
as blood transfusion, intra-articular suction drain [5], reperfusion 
system [1], compression [8], cryotherapy [8], cell salvage [9], and iron 
supplementation [10,11].

Several studies have reported the disadvantages of allogeneic blood 
transfusion to include infection [1] (especially human immunodeficiency 
virus, hepatitis B virus, hepatitis C virus, and T-cell lymphocytic virus 
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[12]), allergic reaction, and immunologic reaction [1,13] (such as 
immune-mediated transfusion effects [12], post-transfusion febrile 
reaction [12], immune-mediated hemolytic anemia [12]), antibody 
reaction (the allogeneic blood transfusion seem to aggravate the 
immune alteration toward a T-helper 2 (Th2) type of response, and 
likely furnish to down-regulation of cellular immunity [14]), volume 
overload [5,15], hyperkalemia [15], longer length of hospital stay [16], 
and increased mortality rate [9,17], as recorded in Table 1.

However, inappropriate blood transfusion has been widely 
practiced. Approximately thirteen-million units of allogeneic packed 
red blood cells (PRBCs) transfusion were performed annually in the 
US, with patients undergoing surgery comprising the majority of 
recipients [17]. Many discarded units [1] and mis-allocations highlight 
the need to standardize RBC transfusion practice following total joint 
replacement, which affected cost of treatment, as shown in Table 
2 [18]. Restrictive transfusion strategies are an effective method of 
reducing and conserving the red blood cell (RBC). The ultimate goal of 
this study was to reduce the blood transfusion to reduce the cost and 
unnecessary use of natural resources, to avoid the complication from 
blood transfusion, and to establish further studies about predictor of 
blood transfusion. The study was intended to assess the effect as well as 
complications after using a new restrictive blood transfusion strategy 
based on Hb level below 8g/dL compared to liberal blood transfusion 
strategy based on Hb level below 10 g/dL for Thai patients. 

Methods
This study evaluated whether a new transfusion strategy was 

applicable to Thai patients. The new restrictive blood transfusion 
strategy was to administer blood transfusion if the patient has post-

operative Hb<8 g/dL or post-operative Hb 8-10 g/dL with prodromal 
symptoms of anemia, as shown in Figure 2. The prodromal symptoms 
are defined as followings: dizziness, syncope, headache, tachypnea, 
dyspnea, cardiac chest pain, congestive heart failure, tachycardia 
(>80/min), or hypotension (<90/60 mmHg) unresponsive to fluid 
challenges. We conducted the observational study at Police General 
Hospital, Thailand. A total of 120 patients underwent primary total 
knee replacement between November 2016 and December 2017. 
The study was submitted and approved by the Ethics Committee in 
Human Research (Certification of Approval Reference No: 91/2016). 
The patients undergoing total knee surgery were provided the 
inform consents. The demographic data and peri-operative variables 
were collected, including age, gender, weight, height, race, resident 
involvement, underlying disease, type of total knee surgery, type of 
anesthesia, ASA score, and blood loss. The presence of prodromal 
symptoms was also monitored.

The categorical variables were delineated by means of percentage 
and relative frequency distribution in conjunction with Pearson’s chi-
square test and Fisher exact test, while the quantitative variables were 
reported by mean and standard deviation along with Student’s t-test. 
To assess the possible intervening variables, the odd ratio (OR) was 
performed by the bivariate correlation of type of complication to each 
strategy of blood transfusion. The data were statistically analyzed using 
Statistical Package for the Social Sciences software version 19 (SPSS 
Inc., Chicago, IL, USA). 

Results
In this prospective study, 120 patients were observed, 21.67% 

(n=27) were men and 78.33% (n=94) were women. The patients’ 

Figure 1: Schematic diagram of blood transfusion management for TKR.

Complication
Total hip arthroplasty Total knee arthroplasty
Not Transfused 
N=7286 (%)

Transfused N=2076 
(%) Univariate p Value Not Transfused 

N=11,158 (%)
Transfused 
N=2504 (%) Univariate p Value

Infection 2.4 4.1 <0.001 4.5 5.3 0.065
Super, wound infection 0.9 0.7 0.4 0.9 0.7 0.30
Deep wound injection 0.2 0.2 0.91 0.2 0.3 0.17
Organ space infection 0.3 0.3 0.83 0.1 0.1 0.89
Pneumonia 0.2 0.8 <0.001 0.3 0.3 0.75
Sepsis 0.3 0.6 0.026 0.3 0.4 0.19
Venous thromboembolism 0.6 1 0.055 0.1 0.1 0.34
Deep venous thrombosis 0.3 0.8 0.003 1 1 0.99
Pulmonary embolism 0.3 0.3 0.99 0.5 0.6 0.70
Mortality 0.2 0.3 0.48 0.1 0.4 0.001

Table I: Postoperative complication in transfused patients underwent primary total hip arthroplasty and primary total knee arthroplasty significantly increased compared to 
not transfused patients [9,17].
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profiles, that include their age, gender, weight, height, race, resident 
involvement, underlying disease, type of total knee surgery, type of 
anesthesia, ASA score, blood loss, and other baseline characteristics, 
were described in Table 3. Regarding types of surgery, 26.67% (n=32) 
patients underwent total knee replacement on the left side, 32.5% 
(n=37) on the right side, and 40.9% (n=51) on both sides. The mean ± 
SD for blood lost was 27.81 ± 43.62 ml. In Table 3, the patient’s peri-
operative data is described. 

The proportion of patients to be transfused with the new blood 
transfusion strategy was indicated in Figure 2. Post-operative 
hemoglobin as demonstrated in Table 4. There were 8 patients who had 
Hb<8 g/dL; all of them were transfused. There were 41 patients with Hb 
approximately 8-10 g/dL, 4 patients with prodromal symptom to be 
transfused, and 37 patients without prodromal symptom. There were 
71 patients who possessed Hb>10 g/dL. Blood utilization reduction 
with the new strategy was 74 units.

There were no significant differences in overall post-operative 
symptoms regarding transfusion (p>0.05). There were no significant 
differences in cardiovascular symptoms, respiratory symptoms, 
gastrointestinal symptoms, infection, and other symptoms regarding 
transfusion (p>0.05). However, significant difference was observed 
in neuropsychiatric symptoms due to the effect of anemia (p<0.05). 
Their length of hospital stay was also not different in terms of blood 
transfusion (p>0.05). 

The post-operative symptoms regarding blood transfusion 
strategy were analyzed, as shown in Table 5. The overall postoperative 
symptoms (OR: 1.147; CI 95%: 0.521-2.525), cardiovascular symptoms 
(OR: 1.100; CI 95%: 0.448-2.699), respiratory symptoms (OR: 0.726; 
CI 95%: 0.064-8.269), gastrointestinal symptoms (OR: 1.418; CI 
95%: 0.604-3.330), neuropsychiatric symptoms (OR: 12.056; CI 
95%: 1.425-101.971), and other symptoms (OR: 1.190; CI 95%: 
0.301-4.710) are revealed in Table 5. No infection complication was 
found in this study.

Discussion
Several strategies relating to the management of blood for patients 

who underwent surgical procedure of total knee replacement are 
available [1,3,9]. Post-operative blood transfusion is the widely used 

strategy. In spite of the risk of blood transfusion, high-level literature 
that can be used as a guideline for transfusion in this patient group is 
limited. In order to address this issue, previous researchers have studied 
the transfusion indication threshold reduction (TITR) to decrease the 
blood transfusion rate. Generally, it is widely adopted as a standard 
of clinical practice in blood transfusion for the patients as a “10/30 
rule” (in case of Hb drops below 10 g/dL and/or the Hct level drops 
below 30% [7,15], the transfusion is administered). However, the post-
operative Hb threshold at which the post-operative red-cell transfusion 
is warranted is still controversial [16,19,20]. Hence, multiple studies 
were established as follows.

First, a randomized controlled trial (RCT) comparing the liberal 
group and the restrictive group using different cut-point upon each 
study [9] was conducted; most of the studies demonstrated that 
transfusion when the Hb was high did not decrease the morbidity and 
mortality compared to transfusion when the Hb was low [18]. In the 
study of Carson JL et al. in 2011 and 2015, a liberal strategy of blood 
transfusion (a hemoglobin threshold of 10 g/dL), in comparison with 
the restrictive strategy of blood transfusion (indicated as symptoms 
of anemia or presence of hemoglobin level of <8 g/dL) revealed no 
reduction in the mortality rates [19,20]. In the study of So-Osman 
et al. in 2013, the patients were categorized into 3 groups depending 
on age (less than 50 years old, 50-70 years old, more than 70 years 
old) [21]. The result of that study shows that each group has its own 
appropriate Hb threshold for transfusion and there is no difference in 
outcome between the restrictive group and the liberal group [21]. None 
of the aforementioned studies [19-21] show benefit of transfusion in 
patients who underwent TKR while having Hb level >8 g/dL. Second, 
the predictor for transfusion was studied [12,16,17,22]. In the study 
of Millett PJ et al. in 2006, the preoperative Hb level was the strongest 
predictor for blood transfusion after shoulder replacement, as shown in 
Figure 3 [12]. The study shows that the baseline Hb level was the predictor 
for blood transfusion, and the transfusion trigger was 8.93 ± 1.83 g/dL. 
Third, symptoms of anemia have been considered as an indicator for 
transfusion [23,24], such as hypotension or tachycardia unresponsive to 
fluid challenges [15,20,25], cardiac chest pain [15,20,25,26], congestive 
heart failure [20,25], other clinical manifestations (nausea [21], 
dizziness [21,26], lightheadedness, tachycardia (>100) [21], general 
malaise [21], pallor [21], tachypnea, dyspnea, fatique [26], headache, 

2005 2006 2007 2008
Mean total charges in patients transfused $43.239 $45,279 $50,729 $52.859
Mean total charges in patient not transfused $37,889 $39,914 $43,300 $45,582
p value <0.0001 <0.0001 <0.0001 <0.0001

Table II: Illustrate that blood transfusion significantly affect the cost of treatment in TKR [16].

Figure 2: Blood transfusion strategy management for TKR.
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Number (%) or
Mean (SD)

Overall
n=120

Untransfused patients
n=71

Transfused patients
n=49

Demographic baseline data
Age … years 68.98 ± 7.82 70 68.66

Male 26 (21.7) 14 6

Female 93 (77.5) 56 43

Weight ….kg 69 64.75

Height … cm 157 155.89

Ethnic

Thai 119 (99.17) 70 49

Others 1 (0.83) 1 0

Residence

Self residence 120 (100) 71 49

Nursing home 0 (0) 0 0

Pre-operative baseline data
Pre-operative Hct … g/dl 38.02 ± 3.64 38.1 36.30

Pre-operative Hb … L/L 12.5 11.73

Pre-operative WBC … 7008 7233.33

Pre-operative PMN … 58.7 59.04

Pre-operative underlying disease
Diabetes mellitus 34 (28.6) 18 16

Hypertension 81 (68.1) 47 34

Dyslipidemia 47 (39.5) 27 20

Gastrointestinal disease 7 (5.9) 4 3

Cardiovascular disease 14 (11.8) 8 7

Neurological disease 2 (1.67) 1 1

Renal disease 3 (2.5) 1 2

Type of  total  knee surgery
Left side only 32 (26.67) 23 9

Right side only 37 (32.5) 22 15

Both side 51 (40.9) 26 25

Type of anesthesia
General anesthesia 6 (5) 3 3

Spinal anesthesia 48 (40) 28 20

Epidural anesthesia 66 (55) 40 26

ASA classification
Class 1 10 6 4

Class 2 73 41 32

Class 3 37 20 17

Class 4 0 0 0

Table III: Patient’s baseline characteristics and perioperative variables.

Number (%) or Mean (SD) Overall n=120 Untransfused patients n=71 Transfused patients (n=49)
P-value

Postoperative symptoms
Overall 62 (51.67) 36 (57.1) 26 (60.5) 0.733
Cardiovascular symptoms 26 (21.67) 15 (23.8) 11 (25.6) 0.835
Respiratory symptoms 3 (2.5) 2 (3.2) 1 (2.3) 1.000 a

Gastrointestinal symptoms 30 (25) 16 (25.4) 14 (32.6) 0.422
Neuropsychiatric symptoms 8 (6.67) 1 (1.6) 7 (16.3) 0.007 a

Infection 0 (0) 0 (0) 0 (0) -
Other 9 (7.5) 5 (7.9) 4 (9.3) 1.000a

Blood transfusion
Blood loss …ml 27.81 (43.624) 23.58 (36.150) 37.07 (55.464) 0.029
Number RBC transfused ... units 0.18 (0.383) 0.00 (0.000) 0.28 (0.591) 0
Postoperative Hct …% 31.3 (4.25) 32.81 (2.386) 27.20 (2.322) 0
Length of hospitalization … day 7.4 (1.781) 7.33 (1.829) 7.69 (1.841) 0.118

Table IV: Post-operative symptoms and perioperative variables.

aFisher’s Exact test.
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Number (%)
Mean (SD)

Untransfused patients 
n=71

Transfused patients
(n=49) P-value Common OR 95% CI

Postoperative symptoms 

Overall 36 (57.1) 26 (60.5) 0.733 1.147  0.521-2.525

Cardiovascular symptoms 15 (23.8) 11 (25.6) 0.835 1.1  0.448-2.699

Respiratory symptoms 2 (3.2) 1 (2.3) 1.000 a 0.726  0.064-8.269

Gastrointestinal symptoms 15 (25.4) 14 (32.6) 0.422 1.418  0.604-3.330

Neuropsychiatric symptoms 1 (1.6) 7 (16.3) 0.007 a 12.056 1.425-101.971

Infection 0 (0) 0 (0) - - -

Other 5 (7.9) 4 (9.3) 1.000 a 1.19  0.301-4.710

Blood transfusion 

Blood loss …ml 23.56 (36.150) 37.07 (55.464) 0.029 - -

Number RBC transfused ... units 0.00 (0.000) 0.28 (0.591) 0 - -

Postoperative Hct …% 32.81 (2.386) 27.20 (2.322) 0 - -

Length of hospitalization … day 7.33 (1.829) 7.69 (1.841) 0.118 - -

Table V: Analysis of post-operative complications and perioperative variables.

aFisher’s Exact test.

Figure 3: Illustrate the preoperative hemoglobin is the predictor for transfusion in shoulder arthroplasty.

visual impairment, syncope, approximated or expected loss of blood 
>15% of total volume of blood, diastolic blood pressure <60 mmHg, 
dropping of systolic blood pressure >30 mmHg from baseline, oliguria 
or anuria, alteration of consciousness [26], evidence of myocardial 
ischemia including angina, shortness of breath [26] or dizziness with 
exertion, weakness [26], and muscle cramps [26]). According to the 
study conducted by Murphy et al., if the patient shows the clinical 
manifestations mentioned above, it was recommended that 1 unit of 
blood component be administered [25].

However, there are some considerations about symptoms of 
chronic anemia, such as weakness and low exercise tolerance. As 
mentioned in other studies, these symptoms are not specific and are 
not to be used as an indication for transfusion [26]. Moreover, since 
the symptom of fatigue is subjective and the deterioration of the 
mental function is subtle in nature, both symptoms are not clinically 
useful [25]. According to one study, using the symptoms of anemia 
as an indication for transfusion in total hip replacement can reduce 
transfusion indication threshold to Hb level in the range 7.3-7.9 
g/dL and reduce blood utilization to 55% with no effect in the 
complication rate. Moreover, according to the study by Weiskopf 
et al., the patients do not produce evidence of inadequate systemic 
oxygen delivery (TO2) as determined by lack of change for oxygen 
consumption (VO2), plasma lactate concentration, ST changes on 
electrocardiogram at Hb level of 5 g/dL. Also, according to the study 
of 61 un-transfused Jehovah’s witnesses with Hb level ≤ 8 g/dL, 
upon fifty reported deaths, half of the cases were principally related 

to anemia. All patients who die because of anemia have Hb level ≤ 
5 g/dL. Nevertheless, twenty-five survivors have Hb level ≤ 5 g/dL. 
Recently, many investigators have conducted clinical guideline for 
blood transfusion, as shown below:

1. American Society of Anesthesiologists Task Force on Peri-operative 
Blood Transfusion and Adjuvant Therapies 2006 

a.	 RBC transfusion in patient with Hb <6 without any 
consideration for physiologic status

b.	 RBC transfusion in patient with Hb >10 without any 
consideration for physiologic status

c.	 In patients with Hb 6-10, expect continued blood loss, 
intravascular volume, cardiovascular status, and response to 
anemia

2. American Association of Blood Bank (AABB) guideline 2012 [24]

a.	 In stable patients, use restrictive transfusion strategy 7-8 g/dL 

b.	 In patients with pre-existing cardiovascular disease, use 
restrictive transfusion strategy, and if Hb ≤ 8, also consider 
for symptoms of anemia

c.	 Patients with acute coronary syndrome cannot be 
recommended to use liberal or restrictive transfusion 
strategy. The decision is upon the symptom of the patient 
and Hb level
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3. American Academy of Orthopedic Surgeons (AAOS) guideline 
2014 [1]

a.	 RBC transfusion in patient with Hb <6 without any 
consideration for physiologic status

b.	 RBC transfusion in patient with Hb >8 without any 
consideration for physiologic status

c.	 In patients with Hb 6-8, consider ongoing losses, patient 
factor, cardiovascular risk, symptomatic due to anemia.

In order to evaluate the proportion of patients to be transfused 
with the new transfusion strategy, we conducted observational study 
comparing transfusion strategies in 120 patients. The proportion of 
transfused patients was 100% (8 patients) for patients with hemoglobin 
level <8 g/dL, and for patients with hemoglobin level between 
8-10 were 9.76% (4 patients). If the classical strategy (transfusion 
threshold=10 g/dL) had been used in our study, 40.8% (49 patients) 
would be transfused. On the contrary, the new restrictive strategy was 
used in our study and only 10% (12 patients) were administered blood 
transfusion. Patients tolerant to this strategy were 90.24% (37 patients), 
as shown in Figure 4a and 4b. The blood utilization reduction with this 
new blood transfusion strategy was 74 units.

Upon sub-analysis focusing on prodromal symptom for the patients 
having hemoglobin between 8-10 g/dL, 3 patients with dizziness and 
1 patient with headache were observed. Furthermore, upon focusing 
on prodromal symptom for the patients with hemoglobin <8 g/dL, 1 
patient with dizziness was observed. The post-operative symptoms were 

analyzed. The cardiovascular symptoms for both the un-transfused 
group (25.6%) and the transfused group (23.8%) were comparable 
(p=0.835). Also, the respiratory symptoms and the gastrointestinal 
symptoms in both groups were not significantly different (p>0.05). No 
infection was observed in either group. The other symptoms seen in 
both the un-transfused group (9.3%) and the transfused group (7.9%) 
were comparable (p>0.05). However, a significant difference (p<0.05) 
in neuropsychiatric symptoms was evidenced between the groups. No 
significant difference in duration of hospitalization was noted between 
the groups (p>0.05). This study indicated that most patients with 
post-operative hemoglobin level 8-10 g/dL were tolerant to the new 
transfusion strategy (90.24%, 37 patients out of 41). This new blood 
transfusion strategy is considered to be relatively safe. 

The impact of this study is crucial to clinical practice since it is 
the first such study conducted in the South-East Asian region. Also, 
the strength of this study is that we can assume that our results can 
be generalized for practicing TKA. Since our institution is a general 
hospital, most patients undergoing total knee replacements are included 
for the region. In the future, the study of predictor of blood transfusion 
and RCT to evaluated effect of transfusion strategy is suggested.

Conclusions
This investigation described that most patients possessing a level 

of hemoglobin at 8-10 g/dL after surgery are capable of adapting to the 
new transfusion strategy. The new transfusion strategy is considerably 
safe and can be effective as a blood-conservative algorithm to reduce 
blood transfusion after total knee replacement. Dizziness and headache 

Figure 4a: Illustrated classical transfusion strategy.

Figure 4b: Illustrated new transfusion strategy.
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are the only prodromal symptoms to be concerned when using this 
strategy.
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