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Introduction
Total knee replacement (TKR) is a common surgical procedure, 
mostly indicated for treating end‑stage arthritis of the knee 
joint.[1] TKR is increasingly common in the United States as 
in 2010, more than half a million underwent TKR surgery. 
Moreover, the prevalence has increased from 31 to 62 per 
10,000 Medicare enrollees annually, and this is expected to 
increase in the future.[2,3]

Certain complications are associated with TKR, such as 
bleeding, wound complication, thromboembolic disease, and 
deep joint infection.[4] Postoperative blood loss following 
TKR can be relatively high; in some cases, the loss may reach 
quantities ≥1.5 L (about 30% of the circulating blood volume), 
which could lead to acute anemia postoperatively.[1,5]

Globally, the incidence rate of blood transfusion  (BT) 
following TKR has been reported to range between 8% and 
18%, with a higher estimate found in Saudi Arabia, 35%.[6‑11] 

Nevertheless, BT is not a riskless therapeutic procedure, as it 
is associated with possible serious complications such as the 
transmission of infectious diseases such as HIV and hepatitis, 
transfusion‑related acute lung injury, hemolytic reactions, fluid 
overload, and an increased rate of postoperative infection.[12]

In a study by Hart et al. that reported complications of BT 
following TKR, they found that the odds of mortality were 
higher among patients who received a transfusion during 
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TKR.[6] In another study by Jonas et  al., the only surgical 
factor that influenced the length of stay was postoperative BT 
following TKR surgery (P < 0.0001).[13] In addition, BT is an 
expensive procedure, as revealed by a multicenter study in 
the United States that calculated the average cost per patient 
to be $219.[13]

There is a myriad of preventative measures that could reduce 
the need for BT, either pharmacological or simple practice 
modification methods, that would avoid unnecessary BT. 
Although BT following TKR is needed for some patients, 
inappropriate use may subject patients to unnecessary 
harm.[14] A recent local study noted a higher percentage of 
BTs post‑TKR compared to the international average; this 
prompted the authors to further investigate if all BT s given 
were indicated.[11] This study aims to offer insight into the 
current local practices in relation to BT and TKR.

Materials and Methods
After proper institutional board review approval, a 
retrospective study was conducted through data gathered 
from the medical files of all the patients who had BT following 
primary TKR surgery done by any of the four arthroplasty 
surgeons (171 patients) at a single tertiary care center. Data 
collection included adults (age ≥18 years) who met the above 
criteria between the period 2012 and 2016. Those with a history 
of any type of anemia, coagulation disease, or liver disease 
were excluded from the study.

BT was considered “indicated” if the hemoglobin (Hb) level 
was ≤ 8 g/L, or if there was a serious sign or symptom of blood 
loss such as pallor, tachycardia, hypotension, decreased mental 
status, drowsiness, and poor urine output.[15]

Patient’s demographic information  (i.e., age in years at 
the time of surgery, gender, and body mass index  [BMI]), 
comorbidities  (i.e., heart diseases, hypertension, diabetes 
mellitus, and dyslipidemia), documentation from physicians 
and laboratory data findings  (i.e., pre and postoperative 
Hb levels), amount of blood loss  (i.e., intraoperative and 
postoperative), number of units transfused during the hospital 
stay, and whether the TKR was bilateral or unilateral, were 
reviewed for each medical record.

Data abstracted from the medical records were collected 
and then analyzed using SAS software  (SAS Institute Inc., 
version 9.2 (2008), Cary, NC, USA). Single surgeon analysis 
was done before the final analysis to exclude any data bias 
toward one surgeon over the other. After ensuring normal 
sample variation between surgeons, total sample variables were 
summarized and reported across the study using descriptive 
statistics. Continuous variables such as Hb level and amount 
of blood loss were summarized in terms of the mean and 
standard deviation, whereas the categorical variables, such as 
comorbidities, gender, and whether the surgery was unilateral 
or bilateral, were summarized and reported in terms of the 
frequency distribution. Group comparison was conducted 
using Chi‑square test for binary variables and Student’s t‑test 

Table 1: Mean testing between the indicated and 
nonindicated groups showing significantly higher 
postoperative hemoglobin mean in the nonindicated group

Variable Mean±SD P

Nonindicated Indicated cases
Age 66.64±8.80 65.59±9.04 0.6078
Length of stay 13.02±5.97 14.98±10.95 0.2378
BMI 35.54±6.38 32.49±6.35 0.0123*
Intraoperative blood loss 291.84±140.44 310.50±183.81 0.9986
Postoperative blood loss 616.92±467.65 666.51±553.15 0.7569
Preoperative Hb 12.39±1.31 12.36±1.48 0.94
Postoperative Hb 8.54±0.58 7.74±0.69 <0.001*
Number of PRBC units 2.14±1.03 2.30±0.79 0.026*
*Significant results. PRBC: Packed red blood cells, Hb: Hemoglobin, 
BMI: Body mass index, SD: Standard deviation

for continuous variables. The difference was considered 
statistically significant when P  <  0.05.

Results
The sample included 171  patients, 41  (24%) males, and 
130  (76.0%) females. Patients with no clear indication for 
BT were 50  (29.2%), whereas the indicated cases were 
121 (70.8%), as shown in Figure 1. The age average for the 
indicated group was 65.5 ± 9.04, and the nonindicated group 
had an average age of 66.64  ±  8.80, with no statistically 
significant difference (P = 0.61). The BMI was significantly 
lower in the BT indicated group when compared to the 
nonindicated group  (32.49  ±  6.35 versus 35.54  ±  6.38, 
respectively), P = 0.01.

The mean preoperative Hb showed no statistically significant 
difference between the two groups, whereas postoperative Hb 
was significantly higher in the nonindicated group (P = 0.94 
and P < 0.001, respectively). The mean intra‑ and postoperative 

Figure 1: Number of cases transfused per year (2012–2016)
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blood loss showed no significant difference between the two 
groups (P = 0.99 and P = 0.76, respectively). The mean number 
of blood units transfused, however, was significantly higher in 
the indicated group, P = 0.026. Continuous variables’ summary 
is shown in Table 1. Other comorbidities and dichotomous 
variables showed no significant differences between the two 
groups [Table 2].

Discussion
The need for BT following major surgeries, including TKR, is 
a concern for the surgeons, anesthetists, and patients. Although 
BT is a life‑saving intervention for many patients undergoing 
major surgeries, postoperative low Hb level was noted to be 
associated with high morbidity and mortality rates.[16,17]

Patients who receive BT postoperatively had significantly 
increased hazard of 30‑day death  (hazard ratio 11.72), 
especially patients without postoperative anemia, according 
to Bursi et  al.’s study.[18] Furthermore, BT is an expensive 
procedure. Klika et al.’s study showed an 18% increase in cost 
per admission for a patient who received BT following TKR.[7]

A local study estimated that 13% of adults have knee 
osteoarthritis, and many of them may need to have TKR 
performed.[19] In addition, a previous study carried out in the 
same center[11] showed a 50% higher incidence of BT rate 
following TKR in comparison to published literature.[7‑10] 
The findings of the present study suggested that BT may 
be overused, as 29.2% of patients who underwent TKR and 
received BT had no clear indication for BT. Moreover, blood 
availability for BT is scarce and costly. In this study, 107 units 
were transfused despite not having a clear indication for BT. 
Furthermore, there was a statistically measurable difference 
in the postoperative Hb mean between the two groups with 
no clear difference in the preoperative Hb mean. This may 
translate into approximately $51,815 of avoidable costs in the 

sample over the study period, which might be reduced with 
clearly defined indications for BT. Moreover, the availability 
of blood for patients remains a challenge with little published 
locally about the matter. A recent study by Badawi reviewed 
some of the known issues that face the system with procuring 
ample amounts of blood units for transfusion with the main 
highlighted problem being the institution‑based model used 
in blood collection.[20]

BMI was significantly lower in patients with a clear indication 
for BT as defined by this study, although both groups were 
found to have an average BMI of more than 30 and such, no 
conclusions could be drawn in relation to BMI.

Most of the available literature studied the predictors for 
BT following TKR by including patients who underwent 
BT and patients who did not. Carling et  al. showed that 
low preoperative Hb, low BMI, and long operation time 
were significant predictors of BT following TKR.[10] Hart 
et al. identified female gender, age, BMI of <30 kg/m2, and 
preoperative low Hb level as high indicators for BT following 
TKR.[6] Al‑Turki et  al. found in a study done in the same 
institution that low preoperative Hb levels, high amount 
of blood loss  (peri/postoperatively), bilateral surgery, high 
American Society of Anesthesiologists score, and general 
anesthesia were significant predictors of BT following TKR.[11]

The lack of proper documentation to explain why the patient 
received BT in detail is a weakness that can be attributed to the 
retrospective nature of the study design. However, the study 
offers a unique perspective on patients who underwent a BT 
following TKR by assessing clearly defined indications. The 
study noted that approximately 30% of the sample had no clear 
reason for receiving a BT. This is further solidified by higher 
postoperative mean Hb in the nonindicated group and the lack 
of other statistically significant differences.

Conclusion
The number of cases with no clear indication for BT following 
TKR was found to be relatively high at approximately 30%. 
The authors recommend starting clear hospital‑based policies 
for BT, especially in nonemergency situations, that require 
documentation of rationale for transfusion; this may help in 
mitigating transfusions where the clinical reasoning is not clear.
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Table 2: Summary of all studied variables showing no 
significant differences between the two groups

Table of sample variable distribution

Variable Case

Nonindicated, 
count (%)

Indicated, 
count (%)

P

Male 11 (6.43) 30 (17.5) 0.84
Female 39 (22.81) 91 (53.22)
Unilateral 34 (19.88) 70 (67.31) 0.23
Bilateral 16 (9.36) 51 (29.82)
CD negative 45 (26.32) 99 (57.89) 0.24
CD positive 5 (2.92) 22 (12.87)
DM negative 31 (18.13) 58 (33.92) 0.13
DM positive 19 (11.11) 63 (36.84)
HTN negative 11 (6.43) 39 (22.81) 0.2
HTN positive 39 (22.81) 82 (47.95)
Dyslipidemia negative 23 (13.45) 67 (39.18) 0.31
Dyslipidemia positive 27 (15.79) 54 (31.58)
CD: Cardiac disease, DM: Diabetes mellitus, HTN: Hypertension
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