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treatments and health outcomes that are of more importance to 
the health care provider from a financial and resource perspective 
using statistical techniques that are well documented in similar 
circumstances.

The purpose of this study is to examine three categories of drugs 
that are often used in conjunction with knee replacements and 
drugs or combinations of drugs within these categories and their 
association with total hospital cost, total length of stay, prevalence 
of early readmissions, and prevalence of blood transfusions. The 
three categories of drugs will be examined individually and then all 
together. Drug categories under consideration in this study include 
local anesthesia drugs, anticoagulants, and antifibrinolytics. A 
local anesthesia is often used in lower body surgeries such as knee 
replacements [3]. The local anesthesia drugs considered in this 
research are bupivacaine, lidocaine, and ropivacaine, and some 
combinations of these drugs. Anticoagulants are drugs used to 
prevent the blood from coagulating and are commonly used in hip 
replacement surgery since there is a prolonged risk of a blood clot or 
deep vein thrombosis following this type of surgery [4,5]. Warfarin, 
enoxaparin, rivaroxaban, and some combinations of these drugs are 
the anticoagulants considered in this research. An antifibrinolytic is 
a drug given to prevent or treat blood loss and is often used in knee 
replacement surgeries because of the risk of excessive blood loss [6]. 
The antifibrinoloytic considered in this research is tranexamic acid. 
Patients were either given this drug or not.

We will analyze an existing data set of total knee replacement 
patients given a variety of different local anesthesia combinations, 
anticoagulant combinations, and some patients given an 
antifibrinolytic while others were not. Statistical tests will be 
conducted to determine differences in hospital costs, length of 
stay, and proportion of readmissions associated with the various 
local anesthesia drugs. Similar tests will be conducted to determine 
differences associated with the various anticoagulants, and then 
associated with whether or not patients receive the antifibrinolytic.

Current studies involving the categories of drugs used in knee 
replacement surgeries consider how effective these drugs are from a 
medical standpoint. Studies on various local anesthesia drugs have 
found that lidocaine, bupivacaine, and ropivacaine each work well 
as an anesthesia for lower limb surgeries. Studies have also found 
that when lidocaine is used in combination with bupivacaine or 
ropivacaine, patients have more rapid pain relief [7,8].

Anticoagulants are often administered following a knee 

Abstract
Data from over 2000 patients receiving knee replacement surgery 
was gathered from a hospital system in the Midwestern United 
States. The age group that each patient belonged to was noted, 
under age 65 or 65 years of age and older, as well as their gender. 
A variety of drugs in each of three drug categories was studied as to 
their association with total hospital cost, length of stay, prevalence 
of early readmissions and prevalence of blood transfusions. The 
drug categories included local anesthesia, anticoagulants, and 
antifibrinolytics. The local anesthesia treatment associated with 
the highest mean hospital cost, the longest length of stay, a higher 
proportion of early readmissions, and a higher proportion of blood 
transfusions were the combination of Lidocaine and Ropivacaine. 
The combination of Warfarin and Enoxaparin was the anticoagulant 
treatment associated with the highest mean hospital cost, longest 
length of stay, and highest proportion of early readmissions. 
Tranexamic Acid was the only antifibrinolytic included in the study. 
Patients who were given Tranexamic Acid had a significantly 
shorter length of stay, and had a significantly smaller probability of 
needing a blood transfusion. There was no significant difference in 
hospital costs between patients who were given Tranexamic Acid 
and those patients who were not given this drug.

Introduction
There are currently more than 4.5 million Americans living who 

have at least one total knee replacement. Knee replacements, or knee 
replacement arthroplasty surgeries, have risen by 84% between 1997 
and 2009, with approximately 5% of all adults over the age of 50 having 
undergone at least one knee replacement [1]. Knee replacements will 
increase 673% by the year 2030 [2]. Kurtz, et al. (2007) believe this 
increase is due to improvements in surgical materials and much 
better quality of life of those individuals receiving knee replacements 
due to arthritis, wear and tear, disease, and other factors associated 
with the knees [2].

Kurtz et al. (2007) predicts that the current supply of orthopedic 
surgeons will not be able to meet the future demands for knee 
replacements, and thus, resulting in long wait times for patients to 
receive this procedure [2]. This creates a strong incentive for health 
care providers to complete knee replacements as efficiently and 
as effectively, as possible, from both a financial and patient-care 
perspective.

Much has been concluded about the medical benefits of the drugs 
under consideration in this study. This study builds on the current 
research by determining the association between well accepted drug 
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replacement surgery with the primary goal of preventing venous 
thrombosis, a development of a blood clot within a vein. The problem 
with anticoagulants is that they can create extra bleeding complications. 
One study with over 3,000 subjects from 156 locations compared the 
rates of venous thrombosis between warfarin and enoxaparin in hip 
replacement patients. The study concluded that both of these drugs 
were associated with low rates of venous thrombosis and low rates 
of extra bleeding complications. The study did find however, that 
patients receiving enoxaparin were found to have a significantly 
lower rate of venous thrombosis that patient who received warfarin 
[9]. A more recent study compared venous thrombosis rates between 
rivaroxaban and enoxaparin for knee and hip replacement patients. 
Rivaroxaban was found to be associated with significantly lower rates 
of venous thrombosis, but it was associated with a significantly higher 
risk of bleeding complications than compared to enoxaparin [10].

Tranexamic acid is often used in knee replacement surgeries 
with the primary objective of preventing blood transfusions. A study 
conducted by Sepah et al., 2011, found that the use of tranexamic acid 
was associated with reduced risk of a blood transfusion following 
knee replacement surgery [6].

Material and Methods
The knee replacement data used in this study was provided by a 

hospital system with five locations in the Midwestern United States. 
Information was gathered on over 2000 patients receiving this type 
of surgery. The following information was available for each patient: 
age; gender; their overall hospital cost; whether or not they received a 
blood transfusion; length of stay in the hospital; whether or not they 
were re-admitted to the hospital within 30 days; the anticoagulants 
they received; the local anesthesia they received; and whether or not 
they were given the antifibrinolytic, tranexamic acid.

An indicator variable was formed to represent “Age_Group” 
with “0” coded for patients under 65 and “1” coded for patients 65 
and over. The indicator variable “Gender” was coded with “1” for a 
male and “0” for a female. Indicator variables for the various local 
anesthesia drugs, anticoagulants, and antifibrinolytic treatments are 
given in Table 1, Table 2 and Table 3.

Hospital cost

The mean hospital cost will be the first dependent variable studied 
and will be compared among patients receiving different anesthesia 
treatments using an ANOVA controlling for “Age_Group” and 

“Gender”. A residual analysis will be conducted to determine whether 
or not assumptions of the model are being met and whether or not 
there are any extreme outliers. If extreme outliers are identified, these 
will be noted, deleted from the sample and a new ANOVA will be 
calculated with associated F tests. The variables “Age_Group” and 
“Gender” will be tested for significance and will be removed from the 
model if found insignificant. If model assumptions are found to be 
violated, an appropriate transformation will be conducted and a new 
ANOVA formed and tests for mean differences being the anesthesia 
treatments will be conducted [11,12].

Multiple comparison testing will be conducted if a difference 
in mean hospital cost is found among the various anesthesia drug 
treatments. Tukey-Kramer will be used since it is recommended 
when doing pairwise comparisons with unequal sample sizes [13].

Length of stay

Mean length of stay is the second dependent variable studied. 
The mean length of stay will first be compared among patients 
receiving the different local anesthesia drugs while controlling for 
“Age_Group” and “Gender” through an ANOVA. A residual analysis 
will be conducted and extreme outliers will be noted and deleted. A 
transformation will be conducted, if indicated, and a new ANOVA 
formed. “Age_Group” and “Gender” will be deleted if found not to be 
significant. If mean length of stay is found to be significantly different 
among the different local anesthesia drugs, the Tukey-Kramer method 
of multiple testing will be used to find which anesthesia treatments 
are associated with the longest length of stay. ANOVA tables will also 
be constructed for determining significant differences in mean length 
of stay associated with the different anticoagulant treatments while 
controlling for “Age_Group” and “Gender”. A test for a significant 
difference in mean length of stay between those patients receiving 
an antifibrinolytic and those patients not receiving one while again 
controlling for “Age_Group” and “Gender” will also be conducted.

Early readmissions
Patients readmitted within 30 days of their release are considered 

readmissions and hospitals lose insurance money on these patients. 
The proportions of readmissions between patients receiving the 
various local anesthesia drugs are compared using a Pearson’s Chi-
Square Test [14].

Logistic regression will also be conducted with the dependent 
variable equal to 1 if the patient was readmitted early to the hospital 
and 0 otherwise. The indicator variables for the various anesthesia 
drugs will be placed in the model as well as “Age_Group” and 
“Gender”. The Hosmer-Lemeshow Goodness-of-Fit test statistic 
[15] will be used to determine whether or not the logistic model 
is appropriate. Parameter estimates associated with the various 
indicators will be used to interpret which local anesthesia drug, if any, 
are associated with a higher probability of readmittance. A similar 
example as to this procedure is found in the low birth weight study, 
the prostate cancer study, and the ICU study given in Hosmer and 
Lemeshow (2000) [15].

A Pearson’s Chi-Square test will be conducted to determine if any 
of the various anticoagulants are associated with higher proportions 
of early readmissions. A Pearson’s Chi-Square test will also be 
conducted to determine if any of the various anesthesia drugs are 
associated with higher proportions of early readmissions, and then 
a Pearson’s Chi-Square test will be conducted to determine if there 
is a significant difference in early admissions between those patients 
receiving the antifibrinolytic drug treatment and those not receiving 
the antifibrinolytic. The odds of an early readmission for a patient 
using each of the anticoagulants compared to a baseline will be 
estimated using logistic regression with the indicator variables for the 
anticoagulants put in the model as well as indicator variables for age 
group and gender. Logistic regression will also be used to estimate 
the odds of a patient having an early readmission when receiving 
the antibrinolytic drug treatment compared with not receiving 
the antibrinolytic drug treatment. Age group and gender will be 
controlled for again in this model.

Table 1: Indicator Variables for Local Anesthesia Treatments

Variable Value Local Anesthesia Administered if Value = 1
S0 0 or 1 None
S1 0 or 1 Bupivacaine
S2 0 or 1 Lidocaine
S3 0 or 1 Ropivacaine
S1S2 0 or 1 Bupivacaine, Lidocaine
S1S3 0 or 1 Bupivacaine, Ropivacaine
S2S3 0 or 1 Lidocaine, Ropivacaine
S1S2S3 0 or 1 Bupivacaine, Lidocaine, Ropivacaine

Table 2: Indicator Variables for Anticoagulant Treatments

Variable Value Anticoagulants Administered if Value = 1
A0 0 or 1 None
A1 0 or 1 Warfarin
A2 0 or 1 Enoxaparin
A3 0 or 1 Rivaroxaban
A1A2 0 or 1 Warfarin, Enoxaparin
A1A3 0 or 1 Warfarin, Rivaroxaban
A2A3 0 or 1 Enoxaparin, Rivaroxaban
A1A2A3 0 or 1 Warfarin, Enoxaparin, Rivaroxaban

Table 3: Indicator Variable for Antifibrinolytic Treatments

Variable Value Antifibrinolytic Administered if Value = 1
TA 0 or 1 Tranexamic Acid
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Blood transfusions

A Chi-Square test will be conducted to determine if any of 
the various anesthesia drug treatments are associated with higher 
probabilities of blood transfusions. A Chi-square test will also be 
conducted to determine if any of the anticoagulant treatments are 
associated with higher probabilities of blood transfusions and then 
another test will be performed to determine whether or not if the 
patient receives an antibrinolytic is associated with a higher probability 
of a blood transfusion. Logistic regressions will also be conducted 
with the dependent variable being “1” if the patient received a blood 
transfusion and “0” if the patient did not receive a blood transfusion. 
“Age_Group” and “Gender” will be controlled for in the models. The 
indicator variables for the various anesthesia drug treatments will first 
be placed in the model and tested for significance. The anesthesia drug 
treatment indicators will be removed, and the anticoagulant indicator 
variables will be placed in the model and tested for significance. In the 
last step, the anesthesia drug treatment indicators will be removed 
and the indicator variable for the antibrinolytic drug treatment will 
be placed in the model and tested for significance. Odds of needing 
a blood transfusion will be compared in each group to the baseline 
treatment group.

Overall models

Three overall models will be formed. Ordinary least square 
regression will be used in the first model. The dependent variable 
in the first overall model is hospital cost. Indicator variables for the 
local anesthesia drugs, anticoagulants, and the antibrinolytic drug 
will be placed in the model along with “Age_Group” and “Gender”. 
We would like to see if our findings are the same as when we 
considered anesthesia drugs by themselves, and then anticoagulants 
by themselves, and then the antibrinolytic drug by itself. Stepwise and 
backwards regression will be used to help determine which variables 
have the most effect on hospital cost [16].

The dependent variable in the second model is length of stay. The 
second model will also use ordinary least squares regression. Stepwise 
and backwards selection techniques will again be used to help 
determine which variables have the most impact on length of stay.

The third model will employ logistic regression with the dependent 
variable being “1” if the patient was readmitted early and “0” if 
the patient was not readmitted early. The same set of independent 
variables as in the previous two models will be used.

The fourth model will use logistic regression with the dependent 
variable being “1” if the patient received at least one blood transfusion 
and “0” if the patient did not receive a blood transfusion. This model 
will again use the same set of independent variables as mentioned 
before. 

Locations

The data for this study came from five different locations. A test 
will be conducted to determine if there is any association between the 
anesthesia drug used, anticoagulants used, and whether or not the 
antifibrinolytic drug treatment was used is associated with location. 
If there is an association with location, the location having the most 
diversity associated with a large sample size will be used for further 
testing of the drugs. Namely, based on the one location only, we will 
further test to see if there is a difference in cost among the various local 
anesthesia drugs, anticoagulants, and the antibrinolytic treatment. 
We will then test to see if there is a difference in hospital costs among 
the various drug categories, then length of stay, then differences in 
proportions of readmittance, and finally differences in proportions of 
blood transfusions for this one location.

Results for Local Anesthesia Drugs
Hospital costs associated with different local anesthesia 
drugs

Two observations were found that were both more than 10 

standard deviations above the mean hospital cost for the sample. These 
observations were both removed before calculating the ANOVA table 
and conducting tests. Treatment S2 was also not considered in the 
analysis since the number of observations (n=23) associated with this 
treatment was less than 30. Table 4 gives the sample size, mean and 
standard deviation for the hospital costs associated with each of the 
remaining anesthesia drug treatments once these two outliers are 
removed.

A one-way ANOVA was conducted for the dependent variable 
hospital cost. Because of the possibility of unequal variances in hospital 
costs associated with the different local anesthesia drug treatments, a 
one-way ANOVA was also conducted on the transformed dependent 
variable of the natural logarithm of hospital cost. The result was 
similar in that the different anesthesia drug treatments were highly 
significantly associated with the hospital cost (p-value < 0.0001). The 
indicator variables for age group and gender were initially placed in 
both models, but taken out because they were insignificant (p-value 
> 0.10). Tukey’s multiple comparison tests with alpha equal to 0.05 
was performed using both the natural logarithm of hospital costs 
and hospital costs for the various local anesthesia drug treatments. 
The same significant results were found in all cases. The results of 
Tukey’s multiple comparison in terms of actual hospital costs for the 
significant differences found are given in Table 5.

Anesthesia drug treatments S3 and S2S3 had significantly higher 
costs than the other treatments.

Length of stay associated with different local anesthesia 
drugs

Before conducting an ANOVA, one observation was dropped 
which was associated with a patient that had a length of stay of 54 
days. Observations were also dropped for the group of patients 
receiving treatment S2 because of a low number of observations, 23. 
The sample means and standard deviations of the length of stay based 
on the remaining observations are given in Table 6. An ANOVA was 
conducted on testing for significant differences in the mean length of 

Table 4: Descriptive Statistics of Local Anesthesia Drug Treatments Hospital 
Cost

Level of Treatment N
Hospital Cost
Mean Std Dev

S0 31 $10,929.95 $1,905.29
S1 70 $10.475.36 $2,066.71
S1S2 460 $10,307.93 $1.934.94
S1S2S3 783 $10,264.11 $2,626.52
S1S3 420 $10,202.94 $2,675.37
S2S3 149 $11,613.53 $4,158.61
S3 121 $11.128.20 $2,928.29

Table 5: Tukey’s Comparisons for Hospital Cost Significant at alpha = 0.05

Treatment 
Comparison

Difference 
Estimate

Simultaneous 95% Confidence 
Limits

S2S3 – S1S2  $ 1,305.60  $    571.80  $ 2,039.40 
S2S3 – S1S2S3  $ 1,349.40  $    653.60  $ 2,045.20 
S2S3 – S1S3  $ 1,410.60  $    668.30  $ 2,152.90 
S3 – S1S2  $    820.30  $      24.90  $ 1,615.70 
S3 – S1S2S3  $    864.10  $    103.60  $ 1,624.50 
S3 – S1S3  $    925.30  $    122.00  $ 1,728.50 

Table 6: Descriptive Statistics of Local Anesthesia Drug Treatments

Level of Treatment N
Length of Stay
Mean Std Dev

S0 31 2.96774 0.65746
S1 70 3.04286 0.76964
S1S2 460 2.49783 0.90146
S1S2S3 783 2.96296 0.90461
S1S3 420 3.06667 0.97233
S2S3 149 3.38926 1.20085
S3 121 3.1157 0.95908
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stay associated with each of the local anesthesia drug treatments after 
controlling for age group and gender. Age group and gender were 
found to be significant. The different local anesthesia drug treatments 
were significantly associated with length of stay after controlling 
for age group and gender (p-value < 0.0001). Tukey’s multiple 
comparison tests at alpha equal to 0.05 was conducted on the various 
local anesthesia drug treatments. Significant differences in treatments 
are given in Table 7. S2S3 was associated with the longest length of stay 
and S1S2 was associated with the shortest length of stay.

Early readmissions associated with local anesthesia drugs

A chi-square test was conducted to test for differences in 
proportions of early readmissions in patients given the various local 
anesthesia drug treatments. Observations associated with patients 
receiving drug treatment S0 (n=31) and S2 (n=23) were not included 
in this analysis, because the expected number of early readmissions 
from both groups was less than 1, perhaps invalidating the results 
from the chi-square test ( Daniel, 1990 ). The contingency table is 
given in Table 8. The chi-square test statistic associated with the table 
is 9.1067 with a corresponding p-value of 0.1049. Although this is 
not significant at alpha equal to 0.10, this indicates a possible mild 
significance that at least one treatment may be associated with a 
higher proportion of early readmissions. It is noted that treatment 
S2S3 had the highest percentage of readmissions for the sample at 
6.04%.

A logistic regression was also conducted with the dependent 
variable equal to 1 if there was an early readmission and 0 otherwise. 
Data associated with local anesthesia drug treatments S0, S1, and S2 
was left out due to small sample size and/or no early readmissions. A 
stepwise selection process was conducted using the indicator variables 
for the remaining local anesthesia drug treatments included in the 
study, the gender indicator variable, and the age group indicator 
variable. The only two variables found to be significantly associated 
with early readmissions were the gender indicator variable and the 
indicator variable for S2S3. The p-value associated with the Hosmer-
Lemeshow Goodness of Fit test was 0.82 indicating that there is no 
evidence that the logistic model is inappropriate. Table 8 gives the 
parameter estimates, odds ratios, and p-values associated with each 
of the variables in this model. The odds for re-admittance for women 
were 0.41 times the odds for men (they were less for women). The 
odds of readmittance when using local anesthesia drug treatment S2S3 
were 2.55 times more than the odds of readmittance using the other 
local anesthesia drug treatments.

Results for Anticoagulants
The observations associated with the treatments A1A2A3 (n = 3), 

A1A3 (n = 8), and A2A3 (n = 23) were deleted from the analysis due to 
small sample sizes. The only combination of anticoagulants left in the 
study was A1A2. We do not know what the duration of overlapping 
therapy was for these patients who were “bridged” between the two 
anticoagulants, but all the patients receiving this combination were 
combined into one group. The overlapping time and/or pattern could 
actually have varied among patients, and this could make a difference 
in the results. Further research needs to be done on the different 
“bridging” patterns [17].

Hospital costs associated with different anticoagulants

An ANOVA was performed testing for differences in hospital 
costs associated with each of the anticoagulant treatments while 
controlling for age group and gender. It was found that age group 
and gender were not significant and therefore were dropped from 
the model. Because of the possible violation of unequal variances 
of hospital costs associated with each of the different anticoagulant 
treatments, a natural logarithm transformation was conducted 
on hospital costs and a new ANOVA was formed based on this 
transformation. It was found that the different anticoagulants were 
significantly associated with hospital costs (or natural logarithm of 
hospital costs) (F-value (4,2018) = 12.9; p-value < 0.001).

Tukey’s multiple comparison procedure was conducted 
using both hospital cost and the natural logarithm of hospital cost 
associated with the different anticoagulants. Both gave similar results. 
The results are given in Table 10 for the untransformed data.

The treatment A1A2 had the significantly highest hospital 
costs associated with it and treatment A3 was associated with the 
significantly lowest hospital costs. The estimated mean hospital cost 
difference between the two treatments was $1,868.50.

Length of stay associated with different anticoagulants

Table 11 gives the description statistics for the mean natural log of 
the length of stay associated with each of the anticoagulant treatments 
with samples sizes of greater than 30. The untransformed sample 
mean length of stay for each of the treatments is given in parentheses 
below the mean of the natural log. As mentioned earlier, one patient 
had a length of stay of 54 days. This was a very unusual case and this 
observation was deleted from the analysis before any sample means 
or sample standard deviations were calculated. An ANOVA was 
conducted testing for differences in mean length of stay associated 
with the different anticoagulants while controlling for age group 
and gender. An ANOVA was also conducted using the transformed 
variable natural logarithm of length of stay in case the assumption 
of equal variances was violated on the actual length of stay data. The 
different anticoagulants were found to be significantly associated with 
length of stay after controlling for age group and gender (p-value < 

Table 11: Descriptive Statistics of Anticoagulant Treatments 

Level of Treatment 
N 

LN(LOS) 
Mean Std Dev 

A0 326 0.8665 (2.379) 0.2641 
A1 770 0.9860 (2.680) 0.2745 
A1A2 123 1.2122 (3.361) 0.3743 
A2 495 1.1134 (3.044) 0.2551 
A3 309 1.0662 (2.904) 0.2534 

Table 7:  Tukey’s Comparisons for Length of Stay Significant at alpha = 0.05

Treatment 
Comparison

Difference 
Estimate

Simultaneous 95% Confidence 
Limits

S2S3 – S1S3 0.32 0.06 0.58
S2S3 – S1S2S3 0.43 0.18 0.67
S2S3 – S1S2 0.89 0.63 1.15
S3 – S1S2 0.62 0.34 0.90
S1S3 – S1S2 0.57 0.38 0.75
S1 – S1S2 0.55 0.19 0.90
S1S2S3 – S1S2 0.47 0.30 0.63

Table 8: Contingency Table of Local Anesthesia Treatments by Readmissions

Early

Readmit

S1 S1S2 S1S2S3 S1S3 S2S3 S3 Total

0 70

(100%)

449

(97.61%)

760

(97.06%)

410

(97.62%)

140

(93.96%)

119

(98.35%)

1948

1 0

(0%)

11

(2.39%)

23

(2.94%)

10

(2.38%)

9

(6.04%)

2

(1.65%)

55

Total 70 460 783 420 149 121 2003

Table 9: Parameter Estimates and Odds Ratios

Variable Estimate Standard Error Odds Ratio Estimate P-Value
S2S3 0.9359 0.3753 2.55 .0126
Gender F vs M -0.4513 0.135 0.41 .0008

Table 10: Tukey’s Comparisons for Hospital Cost Significant at alpha = 0.05

Treatment 
Comparison

Difference 
Estimate

Simultaneous 95% Confidence 
Limits

A1A2-A1 $1,284.00 $590.40 $1,977.70
A1A2-A0 $1,471.00 $715.00 $2,226.90
A1A2-A2 $1,460.40  $740.80 $2,180.10
A1A2-A3 $1,868.50 $1,107.00 $2,630.10
A1-A3 $584.50 $103.50 $1,065.60
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0.0001). Tukey’s multiple comparison procedure was performed 
using both the original data and the transformed data with similar 
results. The significant results in terms of the original data are given 
in Table 12.

The anticoagulant treatment A1A2 was significantly associated 
with the longest length of stay. The control group A0 was significantly 
associated with the shortest length of stay. The estimated difference 
in mean lengths of stay associated with these two treatments was 1.16 
days.

Early readmissions associated with anticoagulants

A chi-square test was conducted to determine if one or more of 
the anticoagulants were associated with a higher proportion of early 
readmissions. The three anticoagulant treatments having sample 
sizes of less than 30 were not considered in this analysis. Pearson’s 
chi-square test statistic was found to be 20.3685 with an associated 
p-value of 0.0004. Therefore there was a significant difference in 
proportions of early readmissions associated with at least one of the 

treatments. The associated chi-square table is found in Table 13. It 
is noted that the sample percentage of early readmissions associated 
with treatment A1A2, 8.94%, is much greater than the others.

A logistic regression was conducted with the dependent variable 
being 1 if the patient was readmitted early and 0 otherwise. The 
indicator variables associated with the anticoagulants listed in Table 
13 as well as the indicator variables for age group and gender were 
considered as possible independent variables in the model using a 
stepwise selection process. The indicator variable for A1A2 and the 
indicator variable for gender were the only two variables found to 
be significant by this stepwise selection process. Table 14 gives the 
estimated coefficients, odds ratios and p-values associated with these 
two variables.

The odds that a patient given A1A2 being readmitted early to 
the hospital are 3.92 the odds of a patient given any of the other 
anticoagulants listed in Table 14 being readmitted early. The gender 
of the patient is controlled for in this model.

Results for Antifibrinolytics
Hospital costs associated with the antifibrinolytic-
tranexamic acid

An ANOVA was conducted comparing the mean hospital cost 
with those patients receiving the antifibrinolytic and those patients 
not receiving the drug while controlling for age group and gender. 
It was found that age group and gender were not significant and 
therefore, were taken out of the model. A two-sample t-test was 
conducted comparing hospital mean hospital costs and a 95% 
confidence interval was calculated for the mean difference. The 
sample means and sample standard deviations of the hospital costs 
for those patients receiving the antifibrinoytic and those not receiving 
the drug are given in Table 15 and the confidence interval for the 
mean difference is given in Table 16.

The difference between the mean hospital costs of those receiving 
the drug and those not receiving the drug was $181.00, but this was 
not found to be a significant difference.

Length of stay associated with tranexamic acid

The sample mean and sample standard deviation of the length 
of stays associated with patients given tranexamic acid and those not 
given tranexamic acid are found in Table 17.

An ANOVA was performed testing for differences in mean 
length of stays between those patients given tranexamic acid and 
those not given the drug while controlling for age group and gender. 
A significant difference in length of stay was found at alpha equal to 
0.05 with a 95% confidence interval giving those patients not receiving 
tranexamic acid staying on average between 0.43 and 0.59 more days 
in the hospital than those patients receiving the drug.

Early readmissions associated with tranexamic acid

A chi-square test was conducted to test for difference in 
proportions of early readmissions between those patients receiving 
tranexamic acid and those patients not receiving tranexamic acid. 
There were 1018 patients receiving tranexamic acid and 24 of those 
patients were readmitted early (2.36%). There were 1039 patients not 
receiving tranexamic acid and 34 of those patients were readmitted 
early (3.27%). There is no significant difference indicated in the 
proportions of early readmissions (p-value = 0.2101).

Blood transfusions associated with tranexamic acid

A chi-square test was conducted to compare the proportion of 
patients receiving tranexamic acid needing a blood transfusion with 
the proportion of patients not receiving tranexamic acid needing a 
blood transfusion. Since the main purpose of using tranexamic acid 
in knee replacement arthroplasty is to prevent blood transfusions, we 
would expect a significantly lower proportion of patients receiving 
tranexamic acid needing a blood transfusion. In 1018 patients 

Table 12: Tukey’s Comparisons for LOS Significant at alpha = 0.05

Treatment 
Comparison

Difference 
Estimate

Simultaneous 95% Confidence 
Limits

A1A2-A2 0.4867 0.2408 0.7325
A1A2-A3 0.6374 0.3772 0.8976
A1A2-A1 0.8458 0.6089 1.0828
A1A2-A0 1.1648 0.9066 1.4231
A2-A1 0.3592 0.2186 0.4998
A2-A0 0.6782 0.5041 0.8522
A3-A1 0.2085 0.0441 0.3728
A3-A0 0.5274 0.3337 0.7212
A1-A0 0.3190 0.1557 0.4802

Table 13: Contingency Table of Anticoagulant Treatments by Readmissions

Early 
Readmit A0 A1 A1A2 A2 A3 Total

Frequency

0

317 747 112 486 304 1966
% 15.67 36.93 5.54 24.02 15.03 97.18
Row % 16.12 38 5.7 24.72 15.46
Col % 97.24 97.01 91.06 98.18 98.38
Frequency

1

9 23 11 9 5 57
% 0.44 1.14 0.54 0.44 0.25 2.82
Row % 15.79 40.35 19.3 15.79 8.77
Col % 2.76 2.99 8.94 1.82 1.62

Total 326 770 123 495 309 2023
16.11 6.08 6.08 24.47 15.27 100

Table 14: Parameter Estimates and Odds Ratios

Variable Estimate Standard Error Odds Ratio Estimate P-value
A1A2 1.3661 0.1486 3.92 < 0.0001
Gender F vs M -0.4428 0.1351 0.41 .0010

Table 15: Descriptive Statistics of Variable “TA”

Level of Treatment N
Hospital Cost
Mean Std Dev

0 1039 $10,342.90 $2,961.80
1 1018 $10,523.90 $2,378.70

Table 16: 95% Confidence Interval for Difference

TA Comparison Difference Estimate
95% Confidence Limits
Lower Upper

Dif (1 – 0) $181.00 -$51.56 $2,961.80

Table 17: Descriptive Statistics of Tranexamic Acid

Level of Treatment N
Length of Stay
Mean Std Dev

0 1039 3.18 1.03
1 1018 2.66 0.84
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receiving tranexamic acid, 16 needed blood transfusions (1.57%). In 
the 1039 patients not receiving tranexamic acid, 113 needed blood 
transfusions (10.88%). The proportion of patients not receiving 
tranexamic acid needing a blood transfusion was significantly higher 
(p-value < 0.001).

A logistic regression was also conducted with the dependent 
variable equal to 1 if a patient needed a blood transfusion and 0 if they 
did not. The indicator variables for age group, gender, and whether 
or not the patient received tranexamic acid were placed in the model. 
Parameter estimates for the variables, estimated odds ratios, and 
corresponding p-values are given in Table 18.

It is noted that the odds of requiring a blood transfusion for 
patients receiving TA are 0.13 times the odds of requiring a blood 
transfusion for patients not receiving TA. Therefore, the odds of 
needing a blood transfusion decrease with the use of TA. The odds 
of requiring a blood transfusion for females is 2.17 times the odds of 
requiring a blood transfusion for males. The odds of requiring a blood 
transfusion for the older group were 1/0.37 or 2.70 times the odds of 
requiring a blood transfusion for the younger group.

Overall Models
Hospital cost overall model

When considering all of the drug categories together, we wanted to 
see if the same drugs in each of the categories were still significant. An 
ordinary least squares regression was performed with the dependent 
variable being the natural logarithm of the hospital cost. The independent 
variables placed in the model included the indicator variables considered 
for the different local anesthesia drug treatments, different anticoagulant 
treatments, whether or not the patient received tranexamic acid (“1” = 
TA), age group indicator variable (“1” ≥ 65, the older group), and the 
gender indicator variable (“1” = M; “0” = F). The baseline treatments 
for the anticoagulants and anesthesia drugs were A0 and S0, respectively. 
Residual plots were examined and model assumptions appeared to be 
satisfied. Table 19 gives the parameter estimates for each of the variables, 
the variance inflation factors, and the p-values associated with tests for 
each variable to see if they are significant with the other variables in the 
model. Variables with corresponding p-values < 0.10 are designated 
with an asterisk. The relationships of the variables that were found when 
considering one drug category at a time were also found when all the 
drug categories were considered together.

Length of stay overall model

An ordinary least squares regression was conducted with the 

dependent variable being length of stay. The independent variables 
considered in the model in Section 6.2 were also put into this model. 
If the estimated coefficients associated with a variable were negative, 
then the length of stay was less than average length of stay for the 
considered baseline in the sample. If the estimated coefficients 
associated with a variable were positive, then the average length of 
stay for patients receiving this drug was higher than those of the 
baseline for the sample. The p-values associated with each variable 
are also given to determine if the difference is statistically significant 
when compared to the baseline. This model gave similar findings 
to the models which considered only one drug type at a time. After 
controlling for the other drug treatment types in the model, the drugs 
are ranked in the same ordering as when considering individual drug 
categories (Table 20). This can be seen by comparing the parameter 
estimates associated with each of the drugs in a drug category. A 
larger parameter estimate means that the drug is associated with a 
longer length of stay estimate, although it may not be significantly 
different.

Early readmissions overall model

A logistic regression was conducted with the dependent variable set 
to 1 if the patient was readmitted to the hospital early and 0 otherwise. 
The same independent variables under consideration to be placed into 
the model that were considered in Sections 6.1 and 6.2. The Hosmer-
Lemeshow Goodness-of-Fit test yielded an insignificant p-value, .9038, 
indicating that the model fit was adequate. Three variables were found 
to be significant as indicated by their p-values with all the variables in 
the model. The model with the parameter estimates is given in Table 
21. If the parameter estimate is positive, this means that this drug was 
associated with a higher sample proportion of readmissions compared 
to the drug or category baseline. If the parameter estimate is negative, 
this means that this drug (or variable) was associated with a lower 
sample proportion of readmissions compared to the drug or category 
baseline (Table 21). The odds ratio estimates are given in Table 22.

Table 18: Parameter Estimates and Odds Ratios

Variable Estimate Standard Error Odds Ratio Estimate P-value
TA -2.0455 0.2725 0.13 < .0001
Gender F vs M 0.3874 0.1081 2.17 .0003
Age Group 0 vs 1 -0.5014 0.1054 0.37 < .0001

Table 19:  Parameter Estimates for LN(Hospital Cost) 

Variable DF Parameter 
Estimate 

Standard 
Error t Value Pr > |t| VIF 

Intercept 1 9.2562 0.0312 296.30 < .0001 0 
Gender 1 -0.0010 0.0093 -0.10 0.9188 1.0067 
S1S2S3 1 -0.0433 0.0291 -1.49 0.1375 9.7940 
S1S2* 1 -0.0643 0.0306 -2.10 0.0359 7.9860 
S2S3* 1 0.0586 0.0327 1.79 0.0735 3.5263 
S1S3 1 -0.0459 0.0302 -1.52 0.1285 7.2413 
S1 1 -0.0270 0.0374 -0.72 0.4702 2.2485 
S3 1 0.0285 0.0336 0.85 0.3973 3.0663 
A1A2* 1 0.0927 0.0221 4.20 < .0001 1.3417 
A1* 1 0.0041 0.0137 0.30 0.7665 2.1691 
A2* 1 -0.0259 0.0158 -1.65 0.0999 2.2211 
A3* 1 -0.0482 0.0175 -2.75 0.0059 1.9206 
TA* 1 0.0398 0.0104 3.82 0.0001 1.3339 

Age_Group 1 -0.0116 0.0091 -1.28 0.2020 1.0139 

Table 20: Parameter Estimates for Length of Stay 

Variable DF Parameter 
Estimate 

Standard 
Error t Value Pr > |t| VIF 

Intercept 1 1.0099 0.0397 25.41 < .0001 0 
Gender* 1 -0.0557 0.0119 -4.70 < .0001 1.0067 
S1S2S3 1 0.0099 0.0370 0.27 0.7884 9.7940 
S1S2* 1 -0.0832 0.0390 -2.14 0.0329 7.9860 
S2S3* 1 0.1178 0.0416 2.83 0.0047 3.5263 
S1S3 1 0.0239 0.0384 0.62 0.5333 7.2413 
S1 1 0.0411 0.0475 0.86 0.3872 2.2485 
S3 1 0.0412 0.0428 0.96 0.3350 3.0663 
A1A2* 1 0.2028 0.0280 7.23 < .0001 1.3417 
A1 1 0.0081 0.0175 0.46 0.6446 2.1691 
A2* 1 0.1057 0.0200 5.28 < .0001 2.2211 
A3* 1 0.0373 0.0223 1.67 0.0941 1.9206 
TA* 1 -0.1116 0.0133 -8.41 < .0001 1.3339 

Age_Group* 1 0.0898 0.0116 7.75 < .0001 1.0139 

Table 21: Parameter Estimates for Early Readmissions 

Variable DF Parameter 
Estimate 

Standard 
Error P-value 

Intercept 1 -3.4801 0.7019 < .0001 
S1S2S3 1 0.2684 0.6308 0.6705 
S1S2 1 -0.0617 0.7043 0.9302 
S2S3* 1 1.0214 0.6882 0.1378 
S1S3 1 0.0660 0.6801 0.9227 
S3 1 -0.5284 0.9282 0.5692 
A1A2* 1 1.0370 0.4804 0.0309 
A1 1 -0.0576 0.4038 0.8866 
A2 1 -0.6520 0.4967 0.1893 
A3 1 -0.8522 0.5873 0.1468 
TA 1 -0.2448 0.3224 0.4475 
Age_Group (0 vs 1) 1 -0.1509 0.1387 0.2765 
Gender (F vs M)* 1 -0.4408 0.1372 0.0013 
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The same variables associated with early readmissions when 
considering the individual drug categories were found when all of 
the drug categories were considered together. The association found 
before when considering early readmissions was still found when 
controlling for the other drug categories.

Blood transfusion overall model
A logistic regression model was constructed with the dependent 

variable “Blood_Transfusion” (Event = 1) and all drug treatment 
indicators, age group indicator, and gender indicator as independent 
variables. After backward selection, the model chosen included the 
variables S2S3, A1, A1A2, TA, age group, and gender.

The Hosmer-Lemeshow Goodness-of-Fit test yielded an 
insignificant p-value (0.38) indicating that the model fit was adequate. 
Table 23 gives the parameter estimates associated with each variable. 

If the parameter estimate is positive, this indicates that for the 
sample this drug or category was associated with a higher proportion 
of blood transfusions than compared to the baseline. The opposite was 
true if the parameter estimate was negative. The p-value associated 
with each variable is also given.

In Section 5, it was mentioned that females and the older age 
group of patients are more likely to require a blood transfusion. 

The same findings are seen in Tables 23 and Table 24. Females are 
2.182 times more likely to require a blood transfusion than males. 
A person in the younger group is 0.34 times as likely to require a 
blood transfusion as someone who is 65 or older (A person 65 and 
older is 1/.34 = 2.84 times more likely). It is also seen from Table 24 
that patients given tranexamic acid are less likely to require a blood 
transfusion. This is the same finding as before in Section 5, but in this 
case, we have controlled for the other drug types given to patients.

A new finding in this case is that the local anesthesia drug 
treatment S2S3 is significantly associated with a higher probability of 
needing a blood transfusion when compared to the baseline anesthesia 
drug treatment, S0. Other new findings are that the anticoagulant 
treatment A1A2 is significantly associated with a higher probability of 
needing a blood transfusion when compared to the baseline

anesthesia treatment, A0, and the treatment A1 is significantly 
associated with a lower probability of needing a blood transfusion 
when compared to the baseline anesthesia treatment, A0. The 
odds ratio estimates of needing a blood transfusion and associated 
confidence intervals for each of the variables are given in Table 24.

Locations
Since observations on patients were taken from five different 

locations from a hospital system, we wanted to see if there was an 
association between drug treatments used and the location. Chi-
square tests were conducted to determine if there was evidence of 
association between the locations and the local anesthesia drug 
treatments, and then the anticoagulants, and then the antibrinolytic. 
In all cases, there was significant association between the drug 
treatment used and location (p-value = 0.0001). Location was 
confounded in the drug treatments in each category. If a significant 
difference was found between the hospital costs of the anticoagulants, 
this could mean that it was because of the anticoagulants themselves, 
or it was possibly because of the location (with some locations doing 
additional procedures and incurring a higher cost that had nothing to 
do with the anticoagulants).

We decided to isolate the location that was most varied across a 
particular drug category that had adequate sample sizes for a variety of 
treatments in this category. It turned out that one location stood out 
as far as having the largest variety of treatments with adequate sample 
sizes for several of the treatments across all of the drug categories. 
We will refer to this location as Location X. The total sample size for 
Location X was 1,035.

The numbers of observations for each of the various categories 
of treatments given at Location X are given in Tables 25, Table 26 
and Table 27. Tukey’s multiple comparison test with alpha equal 

Table 22: Odds Ratio Estimates for Early Readmissions 

Variable Point Estimate 95% Wald Confidence Limits 
S1S2S3 1.308 0.380 4.503 
S1S2 0.940 0.236 3.739 
S2S3* 2.777 0.721 10.699 
S1S3 1.068 0.282 4.051 
S3 0.590 0.096 3.636 
A1A2* 2.821 1.100 7.232 
A1 0.944 0.428 2.083 
A2 0.521 0.197 1.379 
A3 0.426 0.135 1.349 
TA 0.783 0.416 1.473 
Age_Group (0 vs 1) 0.739 0.429 1.274 
Gender (F vs M)* 0.414 0.242 0.709 

Table 23: Parameter Estimates for Blood Transfusions 

Variable DF Parameter Estimate Standard Error P-value 
Intercept 1 -2.7118 0.5513 < .0001 
S1S2S3 1 0.3475 0.4603 0.4503 
S1S2 1 -0.0152 0.5914 0.9796 
S2S3* 1 1.2128 0.4974 0.0147 
S1S3 1 0.3904 0.4796 0.4157 
S3 1 0.4074 0.5640 0.4700 
A1A2* 1 0.7298 0.4164 0.0796 
A1* 1 -0.6755 0.3787 0.0744 
A2 1 0.2730 0.3613 0.4499 
A3 1 -0.3990 0.4035 0.3228 
TA* 1 -1.8792 0.3030 <.0001 
Age_Group (0 vs 1)* 1 -0.5214 0.1075 <.0001 
Gender (F vs M)* 1 0.3901 0.1100 0.0004 

Table 24: Odds Ratio Estimates for Blood Transfusions 

Variable Point Estimate 95% Wald Confidence Limits 
S1S2S3 1.416 0.574 3.489 
S1S2 0.985 0.309 3.139 
S2S3* 3.363 1.269 8.914 
S1S3 1.478 0.577 3.782 
S3 1.503 0.498 4.539 
A1A2* 2.075 0.917 4.692 
A1* 0.509 0.242 1.069 
A2 1.314 0.647 2.668 
A3 0.671 0.304 1.480 
TA* 0.153 0.084 0.277 
Age_Group (0 vs 1)* 0.352 0.231 0.537 
Gender (F vs M)* 2.182 1.418 3.358 

Table 25: Local Anesthesia Drug Treatments Administered at Location X

Treatment N
S0 8
S1 40
S1S2 7
S1S2S3 516
S1S3 363
S2 1
S2S3 71
S3 45

Table 26: Anticoagulant Treatments Administered at Location X

Treatment N
A0 48
A1 201
A1A2 64
A1A2A3 3
A1A3 8
A2 442
A2A3 20
A3 265
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to 0.05 was performed comparing the average hospital costs, and 
then comparing the average length of stay among the various drug 
categories based on sample observations at Location X. Tables 28 
and Table 29 give side-by-side comparisons of significant findings 
overall and then at Location X. Treatments found to be significantly 
different are designated with different Group letters. It is noted that 
local anesthesia drug treatment S2S3 was associated with the highest 
significant hospital cost for both the overall data set and the Location 
X data set. This indicates that the difference in hospital cost could be 
attributed to the drug and not the location. Anticoagulant treatment 
A1A2 was associated with a higher cost overall and also at Location X. 
One contradiction that was found is that at Location X those patients 
who received tranexamic acid were associated with higher costs while 
this was not true overall.

Table 29 gives a side-by-side comparison of length of stay 
associated with each of the drug treatments at Location X and then 
overall. The anesthesia treatment associated with the longest length 
of stays overall and at Location X is S2S3. The anticoagulant associated 
with the longest length of stay is A1A2. Patients who received 
tranexamic acid at both Location X and overall were associated with 
a significantly shorter length of stay.

The drugs associated with the highest proportions of early 

readmissions at both Location X and overall were the same. These are 
given in Table 30. The drugs associated with the highest proportions 
of blood transfusions differ a little between Location X and overall. 
In both cases, S2S3 is associated with a higher proportion of blood 
transfusions. The drug A1A2 is associated with a higher level of blood 
transfusions overall, but the drug S1S2 is associated with a higher level 
of blood transfusions at location X (Table 31).

The drugs associated with the highest proportions of early 
readmissions at both Location X and overall were the same. These are 
given in Table 30. The drugs associated with the highest proportions 
of blood transfusions differ a little between Location X and overall. 
In both cases, S2S3 is associated with a higher proportion of blood 
transfusions. The drug A1A2 is associated with a higher level of blood 
transfusions overall, but the drug S1S2 is associated with a higher level 
of blood transfusions at location X (Table 31).

Conclusions

The least favorable local anesthesia drug treatment appears to 
be S2S3 (Lidocaine, Ropivacaine). This treatment is associated with 
the highest hospital cost, the longest length of stay, the most likely 
to have an early readmission, and the most likely to require a blood 
transfusion. There is not one clear most favorable local anesthesia drug 
treatment however, the treatments S1S2S3 (Bupivacaine, Lidocaine, 
Ropivacaine) and S1S2 (Bupivacaine, Lidocaine), are consistently 
associated with the lowest hospital costs and shortest lengths of stay, 
while not being associated with a significantly higher proportions of 
early readmissions or higher proportions of blood transfusions.

A1A2 (Warfarin, Enoxaparin) appears to be the least favorable 
anticoagulant treatment in this study. It is associated with the highest 
hospital cost, the longest length of stay, and a higher proportion of 
early readmissions. More research however is needed in this case. 
Patterns of bridging the two anticoagulants need to be studied further. 
The exact patterns were not known in this study and all patients given 
both of these anticoagulants were combined together. There is not 
a clear best anticoagulant treatment. It does appear from this study 
that just one anticoagulant performs better than a combination of 
anticoagulants (again, further study is needed here). A1 (Warfarin), 
A2 (Enoxaparin), and A3 (Rivaroxaban), are associated with the 
lowest hospital costs, shortest lengths of stay, and are associated with 
lower probabilities of requiring blood transfusions than the other 
anticoagulant treatments.

Tranexamic acid is associated with a significantly shorter hospital 
stay with no significant increase in hospital costs when considering 
all locations. It also is associated with a significant lower proportion 
of patients requiring blood transfusions while not having a significant 
increase in proportion of patients that are readmitted early.

This study also found that women have a significantly longer 
hospital stay than men, but they also have a significantly lower 
proportion of early readmissions than men. It was also found that 
women have higher odds at requiring a blood transfusion than men.

When comparing age groups, it was found that the older age group 
(65 and older), had significantly higher odds of being readmitted to 
the hospital early than those younger than 65. It was also found that 
the older age group had significantly higher odds than the younger 
age group of requiring a blood transfusion.

Table 27: Tranexamic Acid Administered at Location X

TA N
0 744
1 307

Table 28: Hospital Cost Side-by-Side Comparison (Location X and Overall)

Location X Overall
Group Mean HC Treatment Group Mean HC Treatment
A $11,164.70 S2S3 A $11,613.53 S2S3

B $10,078.19 S1S3 A $11,128.20 S3

B $10,075.69 S3 A,B $10,929.95 S0

B $9,992.63 S1 A,B $10,475.36 S1

B $9,948.46 S1S2S3 B $10,307.93 S1S2

   B $10,264.11 S1S2S3

   B $10,202.94 S1S3

Group Mean HC Treatment Group Mean HC Treatment
A $11,281.40 A1A2 A $11,781.13 A1A2

A,B $10,390.73 A2 B $10,497.09 A1

B,C $9,565.22 A0 B,C $10,310.15 A0

C $9,692.24 A1 C,D $10,320.68 A2

C $9,608.43 A3 D $9,912.58 A3

Group Mean HC TA Group Mean HC TA
A $10,523.90 1 A $10,523.90 1
A $10,342.90 0 B $9,910.10 0

Table 29: Length of Stay Side-by-Side Comparison (Location X and Overall)

Location X Overall
Group Mean LOS Treatment Group Mean LOS Treatment
A 3.54 S2S3 A 3.39 S2S3

B 3.15 S1S2S3 A,B 3.12 S3

B 3.10 S1S3 A,B 3.04 S1

B 3.04 S3 A,B 2.97 S0

B 3.00 S1 B 3.07 S1S3

   B 2.96 S1S2S3

   C 2.50 S1S2

Group Mean LOS Treatment Group Mean LOS Treatment
A 3.95 A1A2 A 3.63 A1A2

B 3.13 A2 B 3.15 A2

B 3.09 A1 B 3.00 A3

B 3.03 A3 C 2.79 A1

B 2.81 A0 D 2.47 A0

Group Mean LOS TA Group Mean LOS TA
A 3.18 0 A 3.20 0
B 2.66 1 B 3.03 1

Table 30:  Early Readmissions Side-by-Side Comparison (Overall and Location X)

Early Readmit Overall Location X

Most Likely
A1A2 A1A2

S2S3 S2S3

Table 31:  Blood Transfusions Side-by-Side Comparison (Overall and Location X)

Blood Transfusions Overall Location X

Most Likely
S2S3 S1S2

A1A2 S2S3



Soderholm and Magel. Int J Clin Biostat Biom 2015, 1:1 • Page 9 of 9 •ISSN: 2469-5831

References
1. Fawzi Natalie, George Krucik (2012) Knee Replacement Statistics 

Infographic. Knee Replacement Statistics. 

2. Kurtz S, K Ong, E Lau, F Mowat, M Halpern (2007) Projections of Primary and 
Revision Hip and Knee Arthroplasty in the United States from 2005 to 2030. 
J Bone Joint Surg Am 89: 780-785.   

3. Liou Louis S (2013) Spinal and Epidural Anesthesia. U.S National Library of 
Medicine.

4. Foran Jared RH (2011) Total Knee Replacement. Total Knee Replacement-
OrthoInfo - AAOS. 

5. Warwick D (2012) Prevention of Venous Thromboembolism in Total Knee 
and Hip Replacement. Circulation 125: 2151-2155. 

6. Sepah Yasir J, Masood Umer, Tashfeen Ahmad, Faria Nasim, Muhammad 
Umer Chaudhry, et al. (2011) Use of Tranexamic Acid Is a Cost Effective 
Method in Preventing Blood Loss during and after Total Knee Replacement. 
J Orthop Surg Res 6: 22. 

7. Ng HP, Nordström U, Axelsson K, Perniola AD, Gustav E, et al. (2006) 
Efficacy of intra-articular bupivacaine, ropivacaine, or a combination of 
ropivacaine, morphine, and ketorolac on postoperative pain relief after 
ambulatory arthroscopic knee surgery: a randomized double-blind study. Reg 
Anesth Pain Med 31: 26-33.

8. Cuvillon P, Nouvellon E, Ripart J, Boyer JC, Dehour L, et al. (2009) A 
comparison of the harmacodynamics and pharmacokinetics of bupivacaine, 
ropivacaine (with epinephrine) and their equal volume mixtures with lidocaine 
used for femoral and sciatic nerve blocks: a double-blind randomized study. 
Anesth Analg 108: 641-649.

9. Colwell CW Jr, Collis DK, Paulson R, McCutchen JW, Bigler GT, et al. 
(1999) Comparison of enoxaparin and warfarin for the prevention of venous 
thromboembolic disease after total hip arthroplasty. Evaluation during 
hospitalization and three months after discharge. J Bone Joint Surg Am 81: 
932-940. 

10. Gómez-Outes A, Terleira-Fernández AI, Suárez-Gea ML, Vargas-Castrillón 
E (2012) Dabigatran, rivaroxaban, or apixaban versus enoxaparin for 
thromboprophylaxis after total hip or knee replacement: systematic review, 
meta-analysis, and indirect treatment comparisons. BMJ 344: e3675.

11. Blair Clifford, Taylor Richard (2008) Biostatistics for the Health Sciences. 
Pearson Prentice Hall, New Jersey. 

12. Fleiss Joseph (1986) The Design and Analysis of Clinical Experiments. John 
Wiley & Sons, New York. 

13. Montgomery Douglas C (2013) Comparing Pairs of Treatment Means. In: 
Design and Analysis of Experiments. (8th edn), John Wiley & Sons.

14. Pagano Marcello, Gauvreau Kimberlee (2000) Principles of Biostatistics. (2nd 
edn), Duxbury Press.

15. Hosmer David, Lemeshow, Stanley (2000) Applied Logistic Regression. (2nd 
edn) John Wiley & Sons.

16. Kleinbaum David, Kupper Lawrence, Muller Keith, Nizam Azhar (1998) 
Applied Regression Analysis and Multivariable Methods. (3rd edn), Duxbury 
Press. 

17. Sengupta Nishan, Supina Dylan, Wang Li, Baser Onur (2011) Anticoagulation 
Prophylaxis Practice Patterns in Patients Having Total Hip, Total Knee 
Replacement in a US Health Plan.

http://www.healthline.com/health/total-knee-replacement-surgery/statisticsinfographic
http://www.healthline.com/health/total-knee-replacement-surgery/statisticsinfographic
http://www.ncbi.nlm.nih.gov/pubmed/17403800
http://www.ncbi.nlm.nih.gov/pubmed/17403800
http://www.ncbi.nlm.nih.gov/pubmed/17403800
http://www.nlm.nih.gov/medlineplus/ency/article/007413.htm
http://www.nlm.nih.gov/medlineplus/ency/article/007413.htm
http://orthoinfo.aaos.org/topic.cfm?topic=A00389
http://orthoinfo.aaos.org/topic.cfm?topic=A00389
http://www.ncbi.nlm.nih.gov/pubmed/22547755
http://www.ncbi.nlm.nih.gov/pubmed/22547755
http://www.ncbi.nlm.nih.gov/pubmed/21600028
http://www.ncbi.nlm.nih.gov/pubmed/21600028
http://www.ncbi.nlm.nih.gov/pubmed/21600028
http://www.ncbi.nlm.nih.gov/pubmed/21600028
http://www.ncbi.nlm.nih.gov/pubmed/16418021
http://www.ncbi.nlm.nih.gov/pubmed/16418021
http://www.ncbi.nlm.nih.gov/pubmed/16418021
http://www.ncbi.nlm.nih.gov/pubmed/16418021
http://www.ncbi.nlm.nih.gov/pubmed/16418021
http://www.ncbi.nlm.nih.gov/pubmed/19151302
http://www.ncbi.nlm.nih.gov/pubmed/19151302
http://www.ncbi.nlm.nih.gov/pubmed/19151302
http://www.ncbi.nlm.nih.gov/pubmed/19151302
http://www.ncbi.nlm.nih.gov/pubmed/19151302
http://www.ncbi.nlm.nih.gov/pubmed/10428124
http://www.ncbi.nlm.nih.gov/pubmed/10428124
http://www.ncbi.nlm.nih.gov/pubmed/10428124
http://www.ncbi.nlm.nih.gov/pubmed/10428124
http://www.ncbi.nlm.nih.gov/pubmed/10428124
http://www.ncbi.nlm.nih.gov/pubmed/22700784
http://www.ncbi.nlm.nih.gov/pubmed/22700784
http://www.ncbi.nlm.nih.gov/pubmed/22700784
http://www.ncbi.nlm.nih.gov/pubmed/22700784
https://books.google.co.in/books/about/Biostatistics_for_the_Health_Sciences.html?id=v6QVAQAACAAJ
https://books.google.co.in/books/about/Biostatistics_for_the_Health_Sciences.html?id=v6QVAQAACAAJ
http://onlinelibrary.wiley.com/doi/10.1002/bimj.4710300308/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bimj.4710300308/abstract
http://as.wiley.com/WileyCDA/WileyTitle/productCd-1118097939.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-1118097939.html
http://www.amazon.com/Principles-Biostatistics-CD-ROM-Marcello-Pagano/dp/0534229026
http://www.amazon.com/Principles-Biostatistics-CD-ROM-Marcello-Pagano/dp/0534229026
http://onlinelibrary.wiley.com/book/10.1002/0471722146
http://onlinelibrary.wiley.com/book/10.1002/0471722146
http://www.amazon.com/Applied-Regression-Analysis-Multivariable-Methods/dp/0534209106
http://www.amazon.com/Applied-Regression-Analysis-Multivariable-Methods/dp/0534209106
http://www.amazon.com/Applied-Regression-Analysis-Multivariable-Methods/dp/0534209106
http://formularyjournal.modernmedicine.com/formulary-journal/news/clinical/clinical-pharmacology/anticoagulation-prophylaxis-practice-patterns-?page=full
http://formularyjournal.modernmedicine.com/formulary-journal/news/clinical/clinical-pharmacology/anticoagulation-prophylaxis-practice-patterns-?page=full
http://formularyjournal.modernmedicine.com/formulary-journal/news/clinical/clinical-pharmacology/anticoagulation-prophylaxis-practice-patterns-?page=full

	Title
	Corresponding author
	Abstract
	Introduction
	Material and Methods 
	Hospital cost 
	Length of stay 
	Early readmissions 
	Blood transfusions 
	Overall models 
	Locations

	Results for Local Anesthesia Drugs 
	Hospital costs associated with different local anesthesia drugs 
	Length of stay associated with different local anesthesia drugs 
	Early readmissions associated with local anesthesia drugs 

	Results for Anticoagulants 
	Hospital costs associated with different anticoagulants 
	Length of stay associated with different anticoagulants 
	Early readmissions associated with anticoagulants 

	Results for Antifibrinolytics 
	Hospital costs associated with the antifibrinolytic-tranexamic acid 
	Length of stay associated with tranexamic acid 
	Early readmissions associated with tranexamic acid 
	Blood transfusions associated with tranexamic acid 

	Overall Models 
	Hospital cost overall model 
	Length of stay overall model 
	Early readmissions overall model 
	Blood transfusion overall model 

	Locations
	Conclusions
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10
	Table 11
	Table 12
	Table 13
	Table 14
	Table 15
	Table 16
	Table 17
	Table 18
	Table 19
	Table 20
	Table 21
	Table 22
	Table 23
	Table 24
	Table 25
	Table 26
	Table 27
	Table 28
	Table 29
	Table 30
	Table 31
	References

