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Abstract
Introduction: The development of clinical pathways, for a
variety of surgical procedures, has made an impact on
clinical practice. When combined with the electronic
medical record, clinical pathways can bring uniformity in
orders and protocols designed to reduce error, decrease
variability, and promote patient outcomes and safety. Our
hypothesis is that the use of a modern evidence based
clinical pathway will produce improved clinical outcomes
in total joint replacement patients.

Methods: All patients undergoing primary total hip or
knee replacement were selected to be included in this
study. All participants were prospectively enrolled. As part
of our clinical follow up, patients were assessed during
their preoperative clinic visit and were followed 90 days
postoperatively. Patient reported outcome measures
were utilized to assess patient satisfaction and objective
clinical outcomes.

Results: This report includes 102 patients who were
followed for their progress while on the pathway.

Overall there was an improvement in most of the
measured outcome mean scores. There was a significant
mean difference between preoperative and postoperative
outcome measure scores for the following surveys: Harris
Hip Score, Hip Knee Expectations Survey, HOOS Hip Score
KOOS Knee Survey, Knee Society Score, WOMAC, SF-12,
and UCLA Activity Score.

Discussion: We concluded that clinical pathways are a
reliable tool that monitors the inpatient experience and
processes of care in orthopedic surgery. The pathways
support the accountability for outcomes of care and have
proven superior to retrospective review and traditional
quality assurance techniques.
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Introduction
The development of clinical pathways, for a variety of

surgical procedures, has made an impact on clinical practice
since the early 90’s. In addition to standardizing clinical
practice, clinical pathways may define levels of cost
effectiveness; reduce process and outcome variation; and
support evidenced-based standards of care [1]. When
combined with the electronic medical record, clinical pathways
can bring uniformity in orders and protocols designed to
reduce error, decrease variability, and promote patient
outcomes and safety. Clinical pathways are associated with a
reduction in-hospital complications and improved
documentation without negatively impacting patients’ length
of stay and hospital costs [2].

The Nationwide Inpatient Sample (NIS) shows that primary
hip replacements increased by 48% from 153,080 procedures
in 1997 to 225,900 in 2004. First-time knee replacements grew
by 63% from 264,331 in 1997 to 431,485 in 2004. In 2009,
more than 620,000 total knee arthroplasties (TKAs) were
performed, and this number continues to increase annually.
The demand for primary TKA is expected to grow by 673% to
3.48 million procedures by 2030 [3]. Annually, more than
300,000 THA procedures are performed in the US with a
projected 137% increase by the year 2030 [3]. The
implementation of clinical pathways for total joint
replacement at our institution began in 2000 and continues
today as a powerful strategy to manage care in this growing
patient population. A previous study from our institution
examined the use of clinical pathways as the driver of inpatient
care in association with pre and post hospitalization outcome
measurement tools related to physical and quality of life
beyond hospitalization [4]. Due to ever changing technologies,
clinical skills, and new orthopedic surgery faculty, we initiated
the establishment of a Joint Replacement Surgical Home
project, as part of a perioperative surgical home initiative. We
hypothesized that clinical pathways have to be ever evolving
with the advancement of clinical knowledge and surgical
technique. We intend to demonstrate an improvement in
overall patient outcomes and clinical management as a result
of a more comprehensive updated clinical surgical home
pathway. Our hypothesis is that the use of a modern evidence
based clinical pathway will produce improved clinical
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outcomes in total joint replacement patients. The pathway is
utilized as a tool to drive clinical practice. Pathways support
the increased quality of the clinical outcomes by a continual
review of the efficacy of standardizing care and evidence
based best practices.

Methods
The study was part of a quality improvement initiative that

followed the outcomes of our surgical home pathway. A review
of the entire pre, intra, and post-hospitalization plan of care
was conducted by an interdisciplinary team comprised of: a
joint replacement fellowship trained orthopedic surgeon;
Anaesthesiology; Pharmacy; Information Systems; Nursing;
Physical Therapy; and, Decision Support. The evidence
obtained in the development of evidence based clinical
pathways was obtained from the University Health Consortium
(UHC) and the Office Agency for Healthcare Policy Research
and Quality (AHRQ).

In addition, we used evidence-based best practice protocols
from different professional association statements (such as the
American Association of Hip and Knee Surgeons, American
Academy of Orthopaedic Surgeons) and peer reviewed
scientific publications as part of the Joint replacement
perioperative surgical home. Each single element in our
protocol is based either on evidence obtained from published
clinical guidelines literature, or if such evidence does not exist,
the protocol element was decided upon by the surgical home
clinical leadership with a consensus agreement. The pathways
were developed to meet the current standards of care and
metrics used by the Center for Medicare Services (CMS) and
other regulatory bodies. The perioperative teams were divided
to examine perioperative, intraoperative and post-operative
care. The Lean Six Sigma methodology was incorporated into
the pathway affording the benefit of process mapping and
identifying current state issues and potential future state
solutions. Weak points were identified in process mapping and
profiled in the clinical pathway (Figure 1). The GMLOS
(Geometric Length of Stay) served as a benchmark in addition
to the cost per discharge based on allocation of resources
across the pathway. Length of stay for the hip and knee
replacement in patients was 3 days and cost per discharge for
hips and knees, known as the absolute cost, was determined
by historical financial performance and comparison against the
UHC (University Health Consortium) total cost per discharge
data. In addition, financial historical data was retrieved from
our institution’s Decision Support Department (financial and
clinical utilization software system) and incorporated into the
financial benchmark. Intra-operative performance was
accomplished by line-by-line utilization in the OR in the
presence of the Clinical Surgical Nurse IV specializing in joint
replacement surgery.

The compliance to SCIP (Surgical Care Improvement Project)
including: appropriate antibiotic selection; antibiotic duration
of 24 hours: removal of foley catheter within 48 hours, and
VTE prophylaxis were measures that were inserted into the

clinical pathways. The clinical content of the pathways was
then transferred to the associated electronic medical record
(EMR).

Figure 1: Clinical Pathway Hip replacement example.

Total joint replacement pathways include a comprehensive
regimen for pre-and post- operative anti-coagulation
treatment. The pathways addressed the following:
perioperative management of patients on Warfarin; patients
at high risk for cardiac events (exclusive of coronary stents);
patients at low risk of cardiac events; and perioperative
management of patients on chronic opioids. The pathways
were then built into the sophisticated EMR (Allscripts, Chicago,
ILL. Sunrise Acute Care, Atlanta, GA 2008). Data acquisition
was achieved through the interface between the hospital’s
Decision Support System and the Allscripts system. Once the
order set is accessed a patient is registered against the
appropriate clinical pathway. Compliance to the pathway
metrics are then displayed in preparation for reporting to the
authoring physician, the Orthopedic Administrative Committee
and Executive Leadership for the Medical Center.

The measurement of the total joint replacement clinical
Pathways began 4 months after implementation and focused
on: volume; cost per discharge; length of stay; VTE prophylaxis
compliance; and VTE as a secondary diagnosis in the acute
environment. Physician performance in relationship to length
of stay and cost per discharge was reflected in a scatter gram
with aggregated data obtained from the Decision Support
System.

Additionally, the EMR order set utilization was reviewed to
determine percent of utilization, which is synonymous with
the use of the appropriate clinical pathway.

Sample selection and data collection
All patients undergoing primary total hip or knee

replacement were selected to be included in this study. All
participants were prospectively enrolled between
10/2012-10/2014. As part of our clinical follow up, patients
were assessed during their preoperative clinic visit and were
followed 90 days postoperatively.
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The patient demographics and pre-operative factors that
were evaluated for each patient included: gender, age, BMI,
living status, employment status, diet, pre-operative exercise,
alternative medicine use prior to surgery, and smoking history.
Patient reported outcome measures were utilized to assess
patient satisfaction and objective clinical outcomes: WOMAC
[5] Knee Society Score System [6,7], Harris Hip Score [8], Hip
Knee Expectations Survey, Knee injury and Osteoarthritis
Outcome Score (KOOS) [8,9], Hip disability and Osteoarthritis
Outcome Score (HOOS) [10], UCLA activity score [11,12], SF-12
physical (PCS) and mental component scores (MCS) [13,14]
Timed Get Up and Go score (TGUG) [15], and EuroQol-5
dimension (EQ-5D) score[16].

Patients who had any other type of total joint replacement
surgeries were excluded from these analyses.

Data analysis
Descriptive data are expressed as percentages and means

with standard deviations. Changes in survey results were
calculated by the difference in the mean scores between
baseline and follow up period. Means and proportions were
calculated for the entire sample and separately for total hip
and knee replacement. Total hip and knee replacement
patients were compared in terms of their preoperative
characteristics using chi-square and t-tests when appropriate.
No statistically significant differences were found based on
preoperative characteristics between the groups, therefore
groups were combined for subsequent analyses to consolidate
findings and increase the power of the analyses. Pre and post
survey score were compared and the mean differences,
standard deviation (SD) and 95% confidence intervals (CI) are
reported. We used SPSS (SPSS Inc., Chicago, IL v.9.3) for all
analyses.

Results
This report includes 102 patients who were followed for

their progress while on the pathway. Of the 102 patients
63.7% were female and 36.3% male. Overall patients’ mean
age was 67 years (SD± 11.4 years) with 51 % Caucasian and
predominantly nonsmokers (90.2%). Patients mean body mass
index (BMI) was 29.8 (SD ± 6.5 kg/m2). Nearly sixty four
percent were inactive (63.7%) and more than half of the
patients were married (Table 1).

There were 71 total knee replacement surgeries and 31 total
hip replacement surgeries. Patients undergoing total knee
replacement were mostly older (mean age 68 years) female
(70.4%), with higher BMI compared to the patients undergoing
total hip replacement (30.7 kg/m2) (Table 1).

The preoperative to postoperative scores did not
demonstrate gender- specific differences and additional
gender specific analyses did not show any differences between
knee and hip replacement. The average age of the female

patients was similar (p=0.10). Females had a higher percentage
(70.4%) of primary total knee replacement surgery.

Table 1: Sample subject characteristics.

 Entire
sample Knee Hip p

 (n = 102) (n =71) (n=31)  

Age in years, mean ± SD* 67 ± 11.4 68 ± 9.4 65±
14.8 0.2

Female, n (%) 65 (63.7) 50 (70.4) 15
(48.4)  

Caucasian, n (%) 52 (51.0) 36 (50.7) 16
(51.6)  

Body mass index, mean
kg/m2 ± SD* 29.8 ± 6.5 30.7 ± 5.9 27.8 ±

7.4 0.06

Smoking, n (%) 11 (10.8) 8 (11.3) 3 (9.7)  

Exercise, N (%) 37 (36.3) 25 (35.2) 12
(38.7)  

Retired, N (%) 77 (75.5) 58 (81.7) 19
(61.3)  

Not Married, n (%) 46 (47.0) 33 (46.5) 15
(48.4)  

Living alone, n (%) 20 (19.6) 12 (16.9) 8 (25.8)  

Medicare Insurance, N
(%) 42 (40.2) 30 (42.3) 12

(38.7)  

* P <0.05 between hip replacement and knee replacement

Overall there was an improvement in most of the measured
outcome mean scores. There was a significant mean difference
between preoperative and postoperative outcome measure
scores for the following surveys: Harris Hip Score, Hip Knee
Expectations Survey, HOOS Hip Score KOOS Knee Survey, Knee
Society Score, WOMAC, SF-12, and UCLA Activity Score (Table
2). Statistically significant mean difference with univariate
analyses was also observed for Hip Knee Expectations Survey,
Knee Society Score, and SF-12 (Table 2). After adjusting for
age, gender and BMI “Knee Society Score” mean differences
remained statistically significant (p=0.003) and SF-12
marginally significant (p= 0.074) (Figure 2).

Table 2: Preoperative and postoperative Mean value, standard
deviation, and test significance.

Preoperati
ve Mean ±
SD

Postoperative
Mean ± SD

P Value

N =102

PreopEq5DL 64.67 ±
19.78

64.91 ± 21.12 .962

Get up and Go
Scores

15.98 ±
8.98

14.01 ± 6.84 .519

Harris Hip Score* 34.00 ±
21.39

71.29 ± 19.24 0.001

Journal of Clinical & Experimental Orthopaedics

ISSN 2471-8416 Vol.2 No.1:11

2016

© Copyright iMedPub 3



Hip Knee
Expectations
Survey*

26.00 ±
10.12

34.423 ± 13.24 0.003

Hoos Hip Score* 23.10 ±
25.16

80.60 ± 11.71 0.005

Knee Society core* 56.52 ±
21.69

96.86 ± 35.95 <0.0001

Womac* 29.63 ±
18.04

76.99 ± 15.35 <0.0001

Sf12 Mcs* 46.20 ±
11.34

50.82 ± 10.96 .099

Sf12 Pcs* 27.57 ±
5.68

35.26 ± 9.59 .001

Koos Knee Survey* 34.32 ±
9.97

69.68 ± 22.65 <0.0001

UCLA Activity
Score*

2.54 ± 1.13 4.62 ± 1.71 .007

* statistically significant mean difference between pre and post-operative hip
replacement and knee replacement.

Figure 2: Preoperative and postoperative patient reported
outcome mean scores, Adjusting for age, sex and BMI o
“Knee Society Score” mean differences statistically
significant ( p=0.003) and “Sf12 Pcs” marginally significant
(p= 0.074).

GMLOS benchmark was 3.0 and the actual ALOS exceeded
expectations with an average of 2.0 for Knee and 2.8 for Hip.
There were no incidences of DVT as a secondary diagnosis,
during the acute hospitalization phase. Percent of order set
use/clinical pathway was at 100%.

There was 100% of VTE prophylaxis use (Heparin, Warfarin,
or Low molecular weight heparin). The use of sequential
compression devices (SCD) was at 100%. Compliance to SCIP
metrics regarding antibiotic selection and duration, and Foley
removal within 48 hours was 100%.

Discussion
This current study demonstrates that the utilization of the

enhanced clinical pathways, under the PSH initiative in
managing care, is an effective method to monitor the process
of acute clinical care in patients undergoing primary total joint
replacement surgery.

It is important to note that it took 6 months before
implementation of the clinical pathways in which a number of
refinements regarding appropriate antibiotic use were
required. In-depth discussions with Physical Therapy, regarding
early ambulation of the patient, and training for nursing to
initiate ambulation after 4pm on the day of surgery was a
significant achievement during implementation of the
pathway. Additional discussions were held regarding the use of
tranexamic acid and the impact on transfusion rates and cost
per discharge as well as antibiotic selection for the penicillin
allergic patient with the Antibiotic Stewardship Committee.
We experienced one computer interface system issue
regarding the clinical path order set acquisition, which resulted
in flawed data reflecting marginal use of the pathways, this
was corrected and pathway use was marked as 100%. Finally,
the initial use of tranexamic acid was not properly included by
Decision Support, which reflected an increased cost per
discharge over the clinical path cost estimation, which was
incongruent to a shorter ALOS. This led to reevaluation of cost
capture and correction of inaccuracies.

Patient-derived outcome scales have become increasingly
more critical to physicians and clinical researchers for
measuring improvement in function after surgery. Responsive
outcome instruments for total hip and knee replacement are
important for scoring system’s ability to detect clinically
important changes over time [17]. The goal of our study was
also to evaluate the ability of health-status instruments to
measure early functional recovery after total hip and total
knee arthroplasty.

Pre and post-operative measurement of activity and the
quality of life demonstrated improvement in both hip and knee
replacement surgeries. However results differ, depending on
the evaluation assessment tool. The Knee Society Score may
be a more a sensitive tool for the assessment of outcome after
TKA. Thus, increasing age or a medical condition will not affect
the measured knee score [18].

Limitations
This study presents some limitations that should be

considered. The sample size is not representative of the whole
population. Lately there is a move towards simple or even
single-question instruments for assessing patient outcome
[19]. While the use of multiple functional outcome
questionnaires is a valuable practice, we would recommend
limiting the number of questionnaires which would promote
an increase survey response rate and a decrease in data
administration and collection efforts. In addition we would
anticipate a reduction in the number of questionnaire would
increase the pre-operative patient experience as well as
increasing response rate and improving power of the study
[20].

Another limitation of the present study is the limited follow
up time. After 3 months, it was not clear whether a post
improved score following joint replacement was truly
indicative of full functional recovery. Many patients are
generally believed to have continued improvement beyond
three months, which we did not measure after 3 months and
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beyond. However the results are indicative of even a higher
patient outcome improvement beyond the 3 months. This is
also consistent with findings that greater improvement is
generally realized for patients managed with longer (6 to 12
months) postoperative interval follow up [21].

Larger multicenter initiatives are needed to evaluate the
proper impact standardized protocols have on hospital
systems. We presented 100% pathway usage but this can be
biased by the fact that only one institution was examined with
a very rigid compliance.

Conclusion
We concluded that clinical pathways are a reliable tool that

monitors the inpatient experience and processes of care in
orthopedic surgery. The pathways support the accountability
for outcomes of care and have proven superior to
retrospective review and traditional quality assurance
techniques. Joint replacement clinical pathways have
promoted collaborative practice between all disciplines. To
date, high volume and clinically applicable diagnoses continue
to be identified with the Peri-Operative Surgical Home project
at our Medical Center.

The value of managing care through carefully constructed
clinical pathways has proven to be a model for clinical quality
improvement. New concepts of continual quality improvement
incorporating regulatory metrics have been rapidly introduced
to gain competitive advantages in the market place and as
indicators for clinical excellence.

The expectation is that high volume high cost procedures
will be selected to fall under the surgical home project. These
efforts will be focused on promoting the standardization of
health with quality clinical outcomes for the patients we serve.
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