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a b s t r a c t

Background: There has been much attention paid to the ability to optimize outcomes, limit complica-
tions, and reduce costs within the episode of care after total joint arthroplasty. Limiting the duration of
postoperative hospitalization as well as reducing emergency department (ED) visits and readmissions
are additional considerations in the paradigm of cost containment. Our purpose was to evaluate the
safety of early hospital discharge after primary total knee arthroplasty (TKA) and to identify the
diagnoses responsible for ED visits and readmissions in the postoperative period.
Methods: We investigated risk factors for readmission in 995 patients undergoing primary TKA. We
compared 2 groups: length of hospital stay (LOS) �2 or �3 days. Analysis included LOS, Charlson score,
history of DVT, discharge disposition, and postdischarge ED visits.
Results: Patients who stayed �2 postoperative days had a significantly lower mean Charlson score and
more likely discharged home. Charlson score and history of DVT were predictive of return events.
Patients discharged to home were less likely to have return events. More than half of the patients
evaluated in the ED were not readmitted.
Conclusion: Among patients undergoing primary TKA, it is the health of the patient, and not their
resultant LOS, that correlates to return events. The ED is overused for complaints that may otherwise be
managed as effectively and more cost efficiently in outpatient settings. Cost containment must include
unnecessary utilization of the ED.

© 2015 Elsevier Inc. All rights reserved.
More than 600,000 total knee arthroplasties (TKAs) are
performed yearly in the United States [1]. This number is expected
to increase by 673 percent by the year 2030 [2]. The increasing
volume as well as increased pressure for optimizing outcomes,
limiting complications, and reducing costs through the entire
episode of care requires careful assessment of a variety of pro-
cedures and protocols [3-5]. Shortening the duration of
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postoperative hospitalization after joint arthroplasty is one
consideration for achieving these goals. Even outpatient joint
arthroplasty is being considered more commonly as our under-
standing of risk stratification evolves [6,7].

Reducing emergency department (ED) visits and hospital read-
missions after total joint arthroplasty are additional considerations
in the paradigm of cost containment. The Centers for Medicare and
Medicaid Services is using readmissions as a surrogate measure of
performance and an indirect measure of surgical quality, with
penalties being levied for such readmissions [8,9]. To be clear then,
any programmatic efforts to reduce length of hospital stay (LOS)
should not be at the expense of readmission, which would para-
doxically increase the costs of care. Importantly, patient education,
appropriate risk stratification, and optimization of perioperative
health status of the patients are necessary to ensure successful
early discharge, and even outpatient surgery, while reducing the
risks of postoperative readmission within the 90-day time frame.
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Table 1
Length of Stay Subgroup Comparison.

Comparisons LOS � 2 d LOS � 3 d P Value

n 342 653 N/A
LOS (mean, SD) 1.80 (0.40) 3.32 (1.16) N/A
Age (mean, SD) 62.94 (9.14) 66.51 (9.92) <.01a

Female (%) 57.02 69.22 <.01a

Prior DVT 2 16 .04a

Prior PE 1 7 .27
CCS (mean, SD) 0.68 (1.06) 1.00 (1.09) <.01a

Discharged home (%) 90.64 31.39 <.01a

Overall return rate (%) 11.00 15.90 .04a

ED event rate (%) 9.36 13.94 .04a

Readmission rate (%) 4.39 7.04 .12

The table shows the statistical difference between the 2 subgroups in the study.
LOS, length of stay; SD, standard deviation; DVT, deep vein thrombosis; PE, pul-
monary embolus; CCS, Charlson Comorbidity Score; ED, emergency department;
NA, not applicable.

a Statistical significance established at P � .05.
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There is general agreement within the growing body of litera-
ture examining readmission rates after total joint arthroplasty that
decreasing the LOS after TKA is not associated with increased
readmission rates [10-17]. However, the presently available read-
mission data may underestimate the overall unplanned hospital
return event rates after TKA in as much as they do not account for
patients who present to the ED with a TKA-related complaint and
are sent home without a hospital readmission [10-17]. ED visits
should be considered in the analysis because they reflect further
the postoperative medical status of the patient and add to the total
cost of care.

The purpose of this study was to evaluate the safety of early
hospital discharge after primary TKA. Our objectiveswere to compare
return event data between patients who were discharged early (LOS
�2 days) and those who were discharged �3 days after TKA and to
evaluate LOS within the context of other possible predictors of
unplanned return events. We also evaluated diagnoses that were
responsible for EDvisits in the postoperative period anddetermined if
ED visits affected readmission rates. We hypothesized that read-
mission ratewouldnot behigher inpatientswhoare discharged early.
We also hypothesized that LOS would not be as predictive as other
factors for unplanned postoperative return events.

Materials and Methods

After institutional review board approval, a query of institu-
tional procedure records identified 1220 consecutive patients
admitted for TKA between January 1, 2011 and July 31, 2013 in a
community hospital setting. Multiple surgeons within the same
health system performed the procedures. Patients were excluded if
they underwent bilateral TKAs, revision TKA, or partial knee
arthroplasty. This reduced the cohort to 995 patients. The authors
abstracted data from the institution's electronic medical records
and followed them out to 90 days postoperatively.

There were 348 (35%) males and 647 (65%) females. The mean
age was 65.3 years (range, 36-90 years). There were 459 (46%)
right-sided and 536 (54%) left-sided procedures. No patients died
during the study period.

An unplanned return event was defined as any unplanned visit
to our hospital's ED or hospital readmission. The primary diagnosis
documented at the time of a return event was considered to be the
primary reason for the return event. Any planned events, such as an
elective contralateral TKA or routine unrelated medical screening
visit such as mammography, were excluded from the study.

A descriptive univariate analysis was made of the study group
and other parameters. Two subgroups were established based on
LOS�2 days and LOS�3 days. These 2 groupswere compared using
the Wilcoxon signed rank test for nonparametric variables and
Fisher exact test for categorical variables. Multivariate logistic
regression was used to discern which patient factors affected ED
visits and readmissions. Factors that were compared included LOS,
Charlson Comorbidity Score (CCS), age, gender, past medical history
of deep vein thrombosis (DVT) or pulmonary embolism, discharge
disposition (eg, to home, rehabilitation facility, and so forth), and
postoperative ED visits [18]. Bivariate analysis was used to look for a
correlation between ED events and readmissions. Only the medical
comorbidity subcomponent of the CCS was used, which avoided
including the effect of age twice. Statistical significance was
established at P � .05.

Results

The overall mean LOS was 2.8 days (range, 1-17 days). Three
hundred forty-two patients stayed �2 days, and 653 patients
stayed �3 days. The mean CCS was 0.88 (range, 0-8). A total of 18
patients (1.8%) had a previous history of DVT, and 8 patients (0.8%)
had a previous history of pulmonary embolism. Ninety-one percent
of patients discharged �2 days after TKA were discharged directly
home; 32% of patients discharged � 3 days after TKA went to an
inpatient subacute rehabilitation center (P < .01; Table 1).

Subgroup analysis revealed that patients with LOS�3 days were
significantly older, more commonly female, had a higher CCS, and
experienced more return events (Table 1). When the CCS was
plotted against return events, we found that, regardless of LOS, as
comorbidity burden increased, the unplanned return event rate
also increased (Fig. 1).

In total, 128 patients (12.9%) had 154 unplanned return events
within 90 days of the index surgery. Overall, the data revealed that
irrespective of LOS, return events increased with increasing
comorbidity (CCS). Increased LOS (� 3 days) does not significantly
change the odds of readmission over patients who stayed � 2 days
(odds ratio [OR] ¼ 0.418, confidence interval [CI]¼ 0.125-1.400, P ¼
.157) when controlling for patient factors such as age, gender, DVT,
and CCS. Simple comparison of readmit rates, without controlling
for patient factors, was also not significant (4.39% for � 2 days vs
7.04% for � 3 days, P ¼ .125).

One hundred nineteen patients (12.0%) had a total of 155 ED
events. Postoperative pain or swelling (25.2%) was the most com-
mon diagnosis that prompted ED visits (Table 2). Of the patients
who presented to the EDwith postoperative pain and swelling, 67%
were sent from a subacute rehabilitation facility, and only 10% were
readmitted.

With respect to ED events, regression analysis confirmed the
association between CCS (OR¼ 1.244, 95% CI¼ 1.058-1.462, P¼ .008)
and increased return events. In addition, history of DVT (OR¼ 2.944,
95% CI ¼ 0.979-8.849, P ¼ .055) trended toward but did not reach
statistical significance for increased return events. Discharge to
home (OR ¼ 0.643, 95% CI ¼ 0.386-1.069, P ¼ .089) approached
significance anddemonstrated a negative correlationwithEDevents.

Nearly half of the patients who visited the ED (46%) were
readmitted, whereas less than 1% of patients without an ED event
were readmitted. Of patients presenting to the ED with pain and
swelling of the lower extremity, only 10% were readmitted. When
ED visits (OR ¼ 197.285, 95% CI ¼65.327-595.793, P < .0001) were
included as a predictor of return events in multivariate analysis,
there was an overwhelming statistically significant increase in
readmission over the other variables studied.

Sixty-one patients (6.1%) had a total of 86 hospital readmissions.
Cellulitis was the most common readmission diagnosis (Table 3).
With respect to readmissions, age (OR ¼ 1.038, 95% CI ¼ 1.008-
1.070, p ¼ .014) demonstrated a small but statistically significant

Mark Sacaris




Fig. 1. Regardless of LOS, the rate of return events increases as the CCS increases. LOS,
length of stay; CCS, Charlson Comorbidity Score.

Table 3
Some of the Common Reasons for Readmission to the Hospital and Their Percentage
of the Total Number of Events.

Common Readmission Events 86 Events Percentage

Cellulitis 10 11.6
Periprosthetic infection 8 9.3
Wound dehiscence 4 4.4
Hemarthrosis 4 4.4
Deep vein thrombosis 4 4.4
Dislocated patella 3 3.3

There were 57 patients with a total of 86 events.
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correlation to return events. In this analysis, the effect of CCS (OR ¼
1.205, 95% CI¼ 0.968-1.499, P¼ .095) was weaker and only trended
toward significance. In addition, discharge to home (OR ¼ 0.340,
95% CI ¼ 0.153-0.751, P ¼ .008) had an even greater statistically
significant negative correlation with return events. The breakdown
for return events by systems is listed in Figure 2.

Discussion

The current care paradigm involves optimizing patient out-
comes, limiting complications and controlling costs within the
entire episode of patient care before and after TKA. Decreasing LOS
is one component of controlling costs in TKA. Readmissions are
currently used by the Centers for Medicare and Medicaid as a
surrogate for judging quality. Therefore, rapid rehabilitation and
early discharge must not come at the expense of postdischarge
costs or increased use of the ED or readmissions.

We found our overall 90-day readmission rate of 6.1% to be
comparable to previously reported studies (range, 3.5%-15.6%)
[12,13,15,17,19]. Our common reasons for readmission were infec-
tion (24.4%) and cardiac complaints (24.4%; Fig. 2). These findings
are similar to those of Zmistowski et al, who reported that infection
(35.9%) was the most common reason for readmission after TKA,
and Vorheis et al, who reported that among Medicare patients, the
most common reason for readmission was cardiac in etiology
[15,17]. Unlike prior studies which have not shown a clear link
between medical comorbidities and readmissions after TKA, the
present study shows a clear link, irrespective of LOS.

Stratifying patients with regard to their appropriateness for
short-stay TKA requires a reliable preoperative risk assessment. The
CCS was originally designed to predict 10-year mortality based on a
patient's comorbidities and age. It has been used in the orthopedic
Table 2
Some of the Common Reasons for Return to the Emergency Department and Their
Percentage of the Total Number of Events.

Common ED Return Events 155 Events Percentage

Postoperative pain and/or swelling 39 25.2
Cellulitis 16 10.3
Cardiac chest pain/EKG abnormality 9 8.4
Fall 8 5.2
Periprosthetic infection 6 3.9
Drug coagulopathy (ie, coumadin or rivaroxaban) 5 3.2
Deep vein thrombosis 4 2.6

There were 119 patients with a total of 155 events.
literature to predict postoperative complications, mortality, blood
transfusion, discharge to nursing home, LOS, and hospital charges
[18,20,21]. We found that both comorbidity burden and age were
predictive of return events.

As predicted, our study shows that younger patients with less
medical comorbidities and who can be discharged from the
hospital sooner to home will have less return events. In addition,
regardless of LOS, the rate of return events increases as the CCS
increases (Fig. 1). The apparent association between longer LOS and
adverse outcomes arises because patient health factors affect them
both.

Unlike our study, previous studies of readmissions after TKAhave
not included data regarding ED visits occurring within the same
90-day postoperative period [12,13,15,17]. Ourdata indicated that ED
events were common (12% of patients) and contributed to an overall
return event rate of 12.8%. However, ED events were significantly
less common among patients whowere discharged earlier and who
were discharged to home. Including ED return events in our analysis
provides a more complete view of the collective postoperative
experience, as well as a more accurate assessment of the safety and
potential costs of a shorter postoperative stay. It also highlights the
importance of controlling patient disposition as well as optimizing
perioperative care and communication.

In reviewing our ED data, we found that there was a high inci-
dence of potentially unnecessary ED visits. The most common
reason for return to the ED in this series was knee pain or swelling;
however, 90% of these patients were sent home from the ED and did
not require readmission. This highlights the unnecessary burden
imposed on patients (regardless of LOS) who are referred to the ED
with pain or swelling after TKA. A system facilitating timely
assessment of patients experiencing postoperative knee pain or
swelling by the treating orthopedic physician, rehabilitation staff,
or ancillary providers rather than ED providers would be both
Fig. 2. The percentage of return events by systems. Most events for the ED and
readmission involve MSK, INFX, or cardiac etiology. ED, emergency department; MSK,
musculoskeletal; INFX, infectious.

Mark Sacaris


Mark Sacaris


Mark Sacaris




S.R. Rossman et al. / The Journal of Arthroplasty 31 (2016) 1175e11781178
better for patients andmore cost effective. In addition, preoperative
and postoperative patient education is of the utmost importance.
Patients should have an understanding of the postoperative com-
plications that can occur after TKA, as well as a clear line of
communication with the surgeon's staff. Given the frequent
unnecessary return events from subacute rehabilitation facilities,
educating care providers at theses centers and minimizing the
disposition of patients to these care centers are important consid-
erations. Given the growing emphasis on cost containment, over-
utilization of the ED should be minimized [22].

The successful implementation of short-stay TKA, with its
attendant cost savings and apparent safety, should also prioritize
discharge to home and minimize discharge to rehabilitation or
skilled nursing facilities. This will optimize surgeon control of
patient care and minimize hospital return events. Schairer et al
reported an association between post-TKA hospital readmission
and patients having more medical comorbidities, LOS greater than
5 days, and having been discharged to skilled nursing facility [23].
Bini et al showed that discharge to sub-acute rehab after TKA was
associated with an increased readmission rate compared to
discharge home [19]. Similarly, we found that patients who were
discharged to a rehabilitation facility were generally older had
more medical comorbidities, more commonly female, had longer
LOS, and experienced more return events. It is our opinion that
return events among these patients are in part attributable to their
generally poorer health, but also at times related to limited expe-
rience, training, or initiative by inpatient rehabilitation caregivers.

Limitations of this study include its retrospective nature, as well
as the inability to account for unplanned return events occurring at
other health care facilities, such as outside hospitals or urgent care
facilities. Taking into account that all of these surgeries were per-
formed in a community hospital setting as opposed to a tertiary
care hospital, we think that patients are more apt to return to their
local community hospital in which the procedure was performed.
In a recent study, Bini et al showed that 2-day LOS did not increase
readmissions compared with 3-day LOS after TKA [24]. Like
theirs, our study shows that with sound selection and protocols,
readmissions can be reduced in either a tertiary hospital or a
community hospital. In addition, patient selection, operative
technique, methods of communication, and postoperative pro-
tocols were not unified between treating surgeons. Patient expec-
tations and education were not addressed uniformly in this study.
In addition, surgeon protocols for the time of initiation of in-
hospital physical therapy and scripting regarding early discharge
varied. Finally, the study did not stratify whether preoperative
medical optimization plays a beneficial role in decreasing read-
mission rates. This might be performed using CCS in a prospective
manner while evaluating readmission rates.

Conclusions

Overall, these data demonstrated that among patients under-
going primary TKA, it is the health of the patient, and initial
discharge disposition, and not their LOS, that correlates to return
events. When reasons for ED visits are considered in this context, it
appears that the ED is overused for complaints that may otherwise
be managed as effectively and more cost efficiently in outpatient
settings. Cost containment must include reduced utilization of the
ED. Effective strategies should include risk stratification of patients
preoperatively, reduced utilization of subacute rehab facilities,
nursing education, patient education, and most importantly a clear
line of communication between the patient and the physician in the
postoperative period.
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The 30-day readmission rate has become a pervasive quality
indicator for hospital care. The Medicare Payment Advisory Commis-
sion (MedPAC) estimated that, in 2005, 17.6% of patients were
readmitted to the hospital within 30 days of discharge. This resulted
in $15 billion in annual spending, 80% of which was related to
potentially preventable readmissions [1]. With growing national
attention on cost containment, payors and providers alike are focused
on readmissions as a target for cost cutting and quality improvement.

Section 3025 of the Patient Protection and Affordable Care Act of
2010 grants the Centers for Medicare & Medicaid Services (CMS) the
authority to penalize hospitals with excessive 30-day readmission
rates [2]. In October 2012, CMS began recouping hundreds of millions
of dollars from hospitals with high rates of readmission following
hospitalization for heart failure, acute myocardial infarction, and
pneumonia [3]; the government may extend this policy in the coming
years to include a broader range of conditions [1,4].

Over 300,000 total hip arthroplasty (THA) operations are
performed in the United States annually, with Medicare paying for
the majority of cases [5]. By one recent estimate, 8.5% of primary and
14.1% of revision THA patients are readmitted within 30 days of
discharge [6]. Furthermore, annual THA volume has been predicted to
expand to 570,000 by the year 2030, partially as a result of an aging
population and the growing prevalence of obesity [7]. National
spending on THAs is thus likely to continue increasing into the future
and may soon be a focus of regulatory scrutiny.

In this changing healthcare environment, with increasing pres-
sures for cost-containment and quality improvement, it is critical that
hospitals identify the risk factors and quantify the costs of unplanned
readmissions; thus allowing healthcare institutions to prevent these
episodes and remain financially viable. The purpose of this study is to
identify risk factors for readmissions following THA and the causes
and financial implications of such readmissions should CMS revoke
reimbursements for them.

Methods

This is a retrospective cohort study examining 1583 consecutive
primary THA procedures performed between July 1, 2009, and June 30,
2011, at an urban tertiary academic hospital network serving over
70,000 inpatients annually. The investigation received approval from
the health system’s institutional review board. Subjects were
identified for inclusion from the pool of all inpatient admissions on
the basis of the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) procedures code indicating primary
THA (81.51); revision procedures were not included. The outcome of
interest was unplanned readmissions within 30 days of discharge
from the inpatient stay when THAwas performed. Readmissions were

http://dx.doi.org/10.1016/j.arth.2013.04.055
http://dx.doi.org/10.1016/j.arth.2013.04.055
http://dx.doi.org/10.1016/j.arth.2013.04.055
http://dx.doi.org/10.1016/j.arth.2013.04.055
http://www.sciencedirect.com/science/journal/


Table 2
Bivariate Logistic Regression (Readmitted vs Non-Readmitted Patients).

OR 95% CI P Value

Age 1.02 1.01–1.04 0.004
≤55 1.00 – –

56–65 0.90 0.50–1.62 0.74
66–75 1.51 0.87–2.61 0.14
≥76 2.02 1.14–3.60 0.017
Gender
Female 1.00 – –

Male 0.83 0.55–1.25 0.37
Race
White 1.00 – –

Black 1.20 0.77– 1.88 0.43
Other 0.39 0.05–2.85 0.35
LOS 1.09 1.03–1.16 0.003
BMI 1.05 1.02–1.07 0.001
b25 1.00 – –

25–b30 0.66 0.33–1.31 0.23
30–b35 1.42 0.77–2.62 0.27
≥ 35 2.28 1.27–4.09 0.006

Table 3
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included only if occurring for unforeseen causes; planned read-
missions for inpatient rehabilitation or skilled nursing care were
excluded from the analysis. In accordancewith CMSpolicies, returns to
the emergency department were not considered readmissions
without subsequent admission to a hospital floor or intensive care bed.

Readmitted and non-readmitted patients were compared based on
demographic, clinical and financial parameters. Demographic and
clinical data, including patient age, gender, race, length of stay (LOS),
height, weight, procedure codes, and readmitting diagnoses (if
applicable) were collected from the institution’s data warehouse.
Height and weight were used to calculate body mass index (BMI).
Financial data, including actual costs and calculated reimbursements,
were obtained from a cost accounting database maintained by the
institution’s Finance Department. Reimbursement calculations were
performed using Medicare reimbursement rates for all patients
regardless of the actual insurer in order to enhance the study’s
generalizability as private reimbursement rates vary widely based on
geography and bargaining power in local markets. These calculations
were carried out in accordance with CMS policy as a function of the
Medicare Severity Diagnosis Related Group (MS-DRG) associatedwith
the admission. Profit (or loss) was calculated for each patient by
subtracting total cost from reimbursement revenue. Financial analysis
was also performed to model the hypothetical scenario in which
unplanned readmissions following THA are no longer reimbursed.
Breakeven analysis was preformed to assess the impact of potential
reimbursement changes on the THA program’s profitability.

For all calculations, statistical significance was defined by P values of
less than 0.05. Continuous variables were tested for normality.
Parametric variables were compared using the Student’s t-test and are
represented as mean and standard deviation. Non-parametric variables
were compared using theMann–Whitney U-test and are represented as
median and interquartile range (IQR). Categorical variables were
analyzed as proportions using chi-squared testing and are represented
as percents. Odds ratio (OR), 95% confidence interval (CI), and P value
were calculated using bivariate and multivariate logistic regression.

Results

The average age and standard deviation of the 1583 THA patients
enrolled in our study were 60.7 ± 13.3 years (Table 1). Fifty-three
percent were female, and average BMI was 30.3 ± 7.0. Sixty-nine
percent of patients were white, 27% black, 0.6% Asian, 0.1% Native
American, and 3.3% classified racially or ethnically as “other” or
“unknown.” Ninety-seven patients (6.13%) were readmitted to the
hospital comprising 103 readmissions (6.51% readmission rate).
Table 1
Patient Characteristics.

All Patients
(N = 1583)

Readmitted
(N = 97)

Not
Readmitted
(N = 1486)

P Value
N or
Mean

% or
SD

N or
Mean

% or
SD

N or
Mean

% or
SD

Age (y) 60.7 13.3 64.5 14.7 60.5 13.1 0.004
Gender 0.368
Female 844 53.3% 56 57.7% 788 53.0%
Male 739 46.7% 41 42.3% 698 47.0%
Race
White 1093 69.0% 65 67.0% 1028 69.2% 0.654
Black 426 26.9% 30 30.9% 396 26.6% 0.357
Native
American

2 0.1% 0 0.0% 2 0.1% 0.718

Asian 10 0.6% 0 0.0% 10 0.7% 0.418
Other 30 1.9% 1 1.0% 29 2.0% 0.519
Unkown 22 1.4% 1 1.0% 21 1.4% 0.755
BMI 30.3 7.0 32.7 7.9 30.1 6.9 b0.001
LOS (d) 4.0 2.5 4.9 3.4 4.0 2.4 b0.001
Increased age (P = 0.004), LOS (P b 0.001), and BMI (P b 0.001) were
correlated with readmissions. The rate of readmission was not found to
be correlated with gender (P = 0.368) or race (P = 0.357–0.755).

Bivariate logistic regression revealed similar correlations (Table 2).
Prolonged LOS (P = 0.003)was associatedwith anOR of 1.09 for risk of
readmission (95% CI: 1.03–1.16). Age ≥76 (P = 0.017) demonstrated
an OR of 2.02 when compared with age b55 (95% CI: 1.14–3.60), and
BMI≥35(P = 0.006)demonstrated anORof 2.28when comparedwith
BMI b25 (95% CI: 1.27–4.09). Again, gender (P = 0.37) and race (P =
0.35–0.43) were not associated with unplanned readmissions. A
multivariable logistic regression model adjusted for gender and race
confirmed these correlations between unplanned thirty-day read-
missions and age (P = 0.003), BMI (P b 0.001), and LOS (P = 0.020).

The most common ICD-9 diagnosis code associated with read-
missions was 998.59 signifying “Other postoperative infection” and
accounting for 19 readmissions (18.3%). This code is typically used for
operative site infections other than infected seromas and cellulitis.
Other common codes associated with readmission were “Infection
and inflammatory reaction due to internal joint prosthesis” (996.66)
accounting for 12 readmissions (11.5%), and “Hematoma complicat-
ing a procedure” (998.12) accounting for seven readmissions (6.7%).
For an expanded list, see Table 3.
Most Common Principal Diagnosis Code Descriptions for Readmission.

Rank
ICD-9
Code Readmitting Diagnosis Count

% of
Complications

1 998.59 “Other postoperative infection” 19 18.3%
2 996.66 “Infection and inflammatory reaction due

to internal joint prosthesis”
12 11.5%

3 998.12 “Hematoma complicating a procedure” 7 6.7%
4 719.45 “Pain in joint, pelvic region and thigh” 6 5.8%
5 996.42 “Dislocation of prosthetic joint” 5 4.8%
5 729.5 “Pain in limb” 5 4.8%
7 996.77 “Other complications due to internal joint

prosthesis”
3 2.9%

7 729.81 “Swelling of limb” 3 2.9%
9 453.41 “Acute venous embolism and thrombosis

of deep vessels of proximal lower
extremity”

2 1.9%

9 780.97 “Altered mental status” 2 1.9%
9 682.9 “Cellulitis and abscess of unspecified sites” 2 1.9%
9 682.6 “Cellulitis and abscess of leg, except foot” 2 1.9%
9 786.5 “Chest pain” 2 1.9%
9 780.6 “Fever and other physiologic disturbances

of temperature regulation”
2 1.9%

9 486 “Pneumonia, organism unspecified” 2 1.9%

Mark Sacaris

Mark Sacaris

Mark Sacaris

Mark Sacaris



Table 4
Economic Analysis Under Current Reimbursement Scheme.

Avg THA Episode Avg Episode Without Readmission Avg Episode With Readmission(s) Difference With & Without Readmission P Value

Revenue $21,613 ($16,257–$25,333) $21,285 ($16,234–$25,333) $34,481 ($24,860–$48,298) −$13,196 b0.001
Cost $17,636 ($15,741–$21,363) $17,454 ($15,643–$20,505) $31,755 ($26,099–$44,253) −$14,301 b0.001
Profit $2828 (−$1751–$8217) $2872 (−$1524–$8188) $1548 (−$9153–$8645) $1323 0.028

Note: Profit values do not exactly equal revenue less cost because these are median observed values from the study sample, not calculated figures.
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The median (IQR) hospital revenue, cost, and profit of THA in this
study were $21,613 ($16,257–$25,333), $17,636 ($15,741–$21,363),
and $2828 (−$1751–$8217), respectively (Table 4). Of note, the
profits described are not precisely equal to revenue less cost
because these figures are median values of the sample. When
compared to episodes without an unplanned readmission, episodes
with readmissions were $14,301 more expensive (P b 0.001), were
reimbursed by an additional $13,196 (P b 0.001), and were $1323 less
profitable (P = 0.028).

Under the hypothetical scenario in which CMS denies reimburse-
ment for THA readmissions, the median unplanned readmission
would generate a loss of $11,494 rather than the current profit of $227
(P b 0.001) (Table 5). As some THA episodes result in multiple
unplanned readmissions, the cumulative effect would be a median
loss of $12,410 for each THA episode with at least one associated
readmission. In this hypothetical scenario, the average THA episode at
the institution under review would be reimbursed $328 less than the
current reimbursement level (P = 0.018). The resultant profit would
be $2457, as opposed to the profit of $2828 for the average THA
episode in the current system (P = 0.051). The institution under
review would need to maintain a readmission rate less than 23.6% to
remain profitable in the absence of reimbursement for THA read-
missions (Fig. 1).

Discussion

With increased attention on cost-containment in the healthcare
industry, unplanned 30-day readmission rates have become a popular
tool used by payors, most notably CMS, to levy reimbursement
penalties. Such cost-cutting efforts are likely to spread to additional
specialties and procedures, and the growing arthroplasty market may
be a favorable future target. This study examines 1583 consecutive
primary THA procedures performed at a large academic hospital
network to elucidate the risk factors, causes, and financial implica-
tions associated with 30-day unplanned readmissions as well as the
potential economic consequences of reimbursement penalties.

The 30-day readmission rate for THA at the institution under
review was 6.51%, and episodes of care with unplanned readmissions
generated significantly lower profit. Older age (P = 0.004), higher
BMI (P = 0.001), and longer LOS (P = 0.003) were associated with
significantly higher rates of readmission, while gender, race, and
revision surgery had no influence. The most common readmission
diagnoses observed in our sample were “other postoperative
infection” (18.3%) and “infection and inflammatory reaction due to
internal joint prosthesis” (11.5%). These codes both typically
represent deep infections and are often used interchangeably for
Table 5
Economic analysis with hypothetical CMS policy extension revoking reimbursement for TH

Avg Readmission
Visit in Current

System

Hypothetical
Readmission Without

Reimbursement

Avg Difference
With & Without
Reimbursement

Av
Epi

Curre

Revenue $10,840 $0 $10,840 (P b 0.001) $2
Cost $11,494 $11,494 $0 (P = 1.000) $1
Profit $227 −$11,494 $11,721 (P b 0.001) $2

Profit values do not exactly equal revenue less cost because these are median observed val
that purpose; superficial infections are normally denoted by ICD-9
codes for cellulitis and abscess (3.8%) or infected seroma (1%). Thus,
29.8% of readmissions were likely prompted by deep joint infections,
though the use of administrative data, as discussed below, limits our
full understanding of these readmissions. Other common causes of
readmission were pain in the limb or pelvis (10.6%), hematoma
(6.7%), and hip dislocation (4.8%).

The academic literature detailing the causes and rates of read-
mission after THA is mixed. Cram et al reviewed data on nearly two
million patients undergoing THA and found that 8.5% of primary and
14.1% of revision THA patients were readmitted within 30 days of
discharge [6]. A 2006 study of 769 consecutive patients undergoing
primary THA in the United Kingdom observed a readmission rate of
8.5%; the main causes of readmission were DVT, atraumatic
dislocation, and wound complications such as superficial infection
and hematoma [8]. In contrast, 6.8% of 1809 THA patients were
readmitted in a 2011 analysis of Medicare Patient Safety Monitoring
System data. In this case, cardiac complications (e.g., congestive heart
failure, ischemic heart disease, dysrhythmias) were themost common
causes of readmission, while DVT and dislocationwere not included in
the top ten diagnoses [9]. These seemingly conflicting results may be
the result of differences in populations studied, data recording
methodologies, inclusion criteria, and definitions of readmission itself.

Despite the lack of consensus as to the predominate causes of
readmissions, much work has already been done in an attempt to
prevent them. Hansen et al performed a systematic review of
interventions to reduce 30-day readmission and identified 43 articles
evaluating initiatives aimed at reducing readmission. Interventions
included strategies for enhanced patient education, discharge plan-
ning, and follow-up communication [10]. The fact that the authors
were unable to identify an intervention that consistently reduced
readmission risk emphasizes the need for further research on the
topic. Our financial analysis demonstrates that unplanned read-
missions have a significant negative impact on THA profit, providing
further incentive for such research aswell as process changes aimed at
preventing readmissions. The elimination of payment for unplanned
readmissions would greatly expand that incentive. Of note, our
investigation identified a substantial number of patients with planned
readmission within 30-days of THA for reasons such as inpatient
rehabilitation and skilled nursing care. Future reimbursement pro-
grams, quality improvement initiatives, and research studies should
thus make rigorous efforts to distinguish between planned and
unplanned readmissions.

One limitation of this study is its reliance on administrative data,
which may result in underestimation of morbidity rates if complica-
tions are not coded properly or do not require hospitalization [11].
A readmissions.

g THA
sode in
nt System

Hypothetical Avg THA
Episode Without Reimbursement

for Readmissions

Avg Difference Per Episode
With & Without Reimbursement

for Readmissions

1,613 $21,285 $328 (P = 0.018)
7,636 $17,636 $0 (P = 1.000)
,828 $2,457 $371 (P = 0.051)

ues from the study sample, not calculated figures.



Fig. 1. Scatterplot depicting break-even analysis for readmission rate based on
profits from the initial visit and from hypothetical readmission(s) without reimburse-
ment. The X-intercept represents the break-even point, which occurs at a readmission
rate of 23.6%.
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The most likely negative impact on this study is potential inaccuracy
in the rates of specific diagnoses associated with readmissions, which
would be expected if ICD-9 codes were recorded inaccurately or
inconsistently. Future research into the causes of readmissions relying
solely on clinical data will be helpful in verifying our results. Still, our
primary outcomes of readmission and cost should be largely immune
to subjectivity in the coding process. A second limitation is the use of
data from a single institution.While the hospital system under review
is large and offers most of the care for the local community, it is
possible that some patients presented to outside facilities for
postoperative readmission; these readmissions would not have been
captured in our results.

In conclusion, unplanned readmissions have become a prime
target for cost cutting as the US strives to reign in health care
expenditures. While current policies are limited to Medicare re-
imbursements for a select few conditions, financial penalties for
elevated readmission rates are likely to become more widespread as
additional disease states are added to the list and as private payers
follow suit [1]. Demand for total hip arthroplasty, already at record-
high levels, is expected to grow significantly in the coming years
which may position the procedure squarely in the crosshairs of cost-
cutting initiatives. If Medicare stops reimbursing for THA read-
missions altogether and if our findings are generalizable to hospitals
across the country, hospitals will begin sustaining a substantial net
loss for each readmitted patient. In order to achieve quality
improvement and to remain financially viable in this increasingly
demanding reimbursement environment, it is critical for hospitals to
perform similar analyses so that they can identify the risk factors for
unplanned readmissions most relevant to their particular population
and invest in programs to address them.
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Background: Unplanned hospital returns after total joint arthroplasty (TJA) reduce any cost savings in a
bundled reimbursement model. We examine the incidence, risk factors, and costs for unplanned
emergency department (ED) visits and readmissions within 30 days of index TJA.
Methods: We retrospectively reviewed a consecutive series of 655 TJAs (382 total knee arthroplasty and
273 total hip arthroplasty) performed between April 2014 and March 2015. Preoperative diagnosis was
osteoarthritis of the hip or knee (97%) or avascular necrosis of the hip (3%). Hospital costs were recorded
for each ED visit and readmission episode.
Results: Of the 655 TJAs reviewed, 55 (8.4%) returned to the hospital. Of these hospital returns, 35
patients (5.3%) returned for a total of 36 unplanned ED visits whereas the remaining 20 patients (3.1%)
presented 22 readmissions within 30 days of index TJA. The 2 most common reasons for unplanned ED
visits were postoperative pain/swelling (36%) and medication-related side effects (22%). Avascular
necrosis of the hip was a significant risk factor for an unplanned ED visit (7.27 odds ratio [OR], 95%
confidence interval [CI] 1.67-31.61, P ¼ .008). Multiple logistic regression analysis revealed the following
risk factors for readmission: body mass index (1.10 OR, 95% CI 1.02-1.78, P ¼ .013), comorbidity >2 (2.07
OR, 95% CI 1.06-6.95, P ¼ .037), and prior total knee arthroplasty (2.61 OR, 95% CI 1.01-6.72, P ¼ .047).
Ambulating on the day of surgery trended toward a lower risk for readmission (0.13 OR, 95% CI 0.02-1.10,
P ¼ .061). The 2 most common reasons for readmission were ileus (23%) and cellulitis (18%). The total cost
associated with unplanned ED visits were $15,427 whereas costs of readmissions totaled $142,654.
Conclusion: Unplanned ED visits and readmissions in the forthcoming bundled payments reimburse-
ment model will reduce cost savings from rapid recovery protocols for TJA. Identifying and mitigating
preventable causes of unplanned visits and readmissions will be critical to improving care and
controlling costs.

© 2016 Elsevier Inc. All rights reserved.
Over one million total joint arthroplasties (TJAs), at a cost of US
$18.75 billion, were performed in the United States in 2012 [1].
Medicare patients were one of the largest recipients of TJA, making
these procedures one of the largest procedural costs for Medicare
[2]. The rising cost of health care has led to a shift in Medicare
reimbursement policy, away from the traditional fee-for-service
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payments to reimbursements that are linked to the quality of
care [3,4].

The Affordable Care Act of 2012 linked reimbursements to the
quality of care by establishing the Hospital Readmissions Reduction
Program [5]. Through this program, hospitals are financially
penalized for select readmissions. Originally limited to only a few
procedures, it was revised in 2014 to include TJA (hip and knee).
Several studies have evaluated readmission causes and risk factors
after TJA [6-11], yet little exists regarding economic implications of
readmissions. Previous reports that have described costs for
unplanned readmissions have been limited to total hip arthro-
plasties (THAs) [6] or to Medicare patients [12,13].

The Comprehensive Care for Joint Replacement (CJR) model
expands on previous health policy, linking reimbursements to
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Table 1
Patient Demographics.

Variable Mean%

N 655
Age (y) 65.6 ± 9.1
Body mass index (kg/m2) 30.9 ± 5.9
Gender
Male 41%
Female 59%

American Society of Anesthesiologists score
1 2%
2 61%
3 35%
4 2%

Comorbidity
Osteoarthritis of hip or knee 97%
Avascular necrosis of hip 3%
Hypertension 66%
Hyperlipidemia 55%
Diabetes 16%
Coronary artery disease 11%
Atrial fibrillation 10%
Chronic obstructive pulmonary disease 7%
Congestive heart failure 2%

Past medical history
Prior total knee arthroplasty 17%
Prior total hip arthroplasty 12%
History of cerebrovascular accidents 6%
History of deep vein thrombosis/pulmonary embolism 5%
History of myocardial infarct 4%
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quality of care. Medicare's goal is to link 30% of all fee-for-service
payments to alternative payment models by 2016 and 50% by
2018 [5]. Accordingly, the CJR model leverages bundled payments
to require hospitals, physicians, and postacute care facilities to
coordinate the care of patients for the duration of recovery (ie, 90
days post discharge) [4]. Under bundled payments, all services
related to the episode of care fall under a single fixed global fee and
incremental financial penalties of up to 20% are assessed for
complication rates greater than national averages [14].

Expanding the onus of financial responsibility to include any
complication related to the index procedure will affect approxi-
mately 800 hospitals participating in CJR [4]. Unplanned emer-
gency department (ED) visits, regardless of readmission status, can
also adversely impact cost savings from rapid recovery protocols
promoting an early discharge. It has been well documented that
rapid recovery protocols shorten length of stay (LOS) without
consequently increasing readmissions [15-17]. However, literature
is scarce on the impact of early discharge protocols on ED visits that
do not result in readmission. A recent study reported excessive
returns to the ED (12.8% of patients) using early discharge protocols
for total knee arthroplasties (TKAs) [18]. The study did not evaluate
the financial impact of such returns.

In this era of shorter LOS and bundled reimbursement models
for TJAs, identifying and mitigating preventable causes for
unplanned ED visits and readmissions will be critical to improving
care and controlling costs. The purpose of our studywas to examine
the incidence and risk factors for unplanned ED visits that do not
result in readmission after both THA and TKAs. Furthermore, we
expand on the current body of literature by examining hospital
costs for both ED visits and readmissions for all patients undergoing
TJAs.

Methods

Institutional review board approval was obtained. A retrospec-
tive chart review was performed for a consecutive series of uni-
lateral primary elective TJAs performed between April 2014 and
March 2015. A total of 655 TJA (382 TKA and 273 THA) were
included in this study. All procedures were performed at a single
institution by one of 2 experienced surgeons, performing >450 TJA
per year. Each surgeon performed approximately half of the pro-
cedures. All procedures, regardless of LOS, were performed using
our early discharge protocols, which have been described in a
previous report [15].

Hospital costs were obtained using an institutional cost
accounting system and were retrieved using the specific encounter
number for the return event (ED visit or readmission). Hospital
costs were calculated using Time-Driven Activity-Based Costing
methodology, with each department providing time and supply
estimates for every charge code the hospital bills to the patient.
Event-specific hospital costs were categorized into variable
(eg, medicine, supplies) or fixed (eg, salaried labor, buildings,
equipment) costs. Variable costs were defined as costs that change
with output and could be saved in the short term by discontinuing
service [19]. Fixed costs were defined as costs not saved in the short
term by discontinuing service.

Study Population

Patient characteristics are summarized in Table 1. Sixty percent
of THA procedures and 18% of TKA procedures were performed
under spinal anesthesia. Seventy-one percent of the THAs were
performed via the direct anterior approach, with 29% being per-
formed via the posterolateral approach. All TKAs were performed
via a standard medial patellar arthrotomy. Mean LOS was 2.2 days
(2.0 days for THA and 2.3 days for TKA). Overall, 27% of patients had
a 1-day LOS, 44% of patients had a 2-day LOS, and 29% had a LOS�3
days. Seventy-seven percent of patients were discharged home and
23% were transferred to a subacute rehabilitation center.

Study Outcomes

We examined incidence, risk factors, and costs for unplanned ED
visits and readmissions after TJAs. Unplanned ED visits and read-
missions were defined as any unplanned patient visit to the ED or
readmission within 30 days of index admission. The primary
diagnosis documented in the patient chart at the time of the
unplanned ED visit or readmission was considered to be the
primary reason for the return event.

Statistical Analysis

Logistic regression was employed to examine the association
between patient demographics, clinical characteristics, and
unplanned ED visits and readmissions. Odds ratios, 95% confidence
intervals, and P values are presented. Pearson's chi-squared test and
2-sided Fisher's exact test were used to analyze the differences in
categorical variables between the readmission and no readmission
cohorts. One way analysis of variance was used to explore the
relationship among continuous variables such as age, body mass
index (BMI), and cost. All analyses were performed using IBM SPSS
Statistics version 23 (Armonk, NY). A P value less than or equal to
.05 was treated as statistically significant.

Results

Fifty-five patients returned to the hospital within 30 days of
index TJA, with 20 being readmitted. Thirty-five patients (5.3%)
accounted for 36 unplanned ED visits without readmission, with 20
patients (3.1%) accounting for 22 readmissions. Patients were
readmitted from the ED (n ¼ 16), directly readmitted to the floor
(n ¼ 3) or readmitted to an outside health care facility (n ¼ 1).



Table 3
Reasons for Readmission Within 30-D of Surgery.

Diagnosis 22 Events %

Postoperative ileus 5 23
Wound infection 4 18
Pulmonary embolism 2 9
Sepsis 2 9
Altered mental status 1 5
Atrial fibrillation 1 5
Cholecystectomy 1 5
Hematoma 1 5
Hyperglycemia 1 5
Paresthesia 1 5
Prosthetic joint infection 1 5
Syncope 1 5
Urinary tract infection 1 5

There were 20 patients with 22 readmission events.
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For the 35 unplanned ED visit patients, postoperative pain or
swelling (36%) was the most common diagnosis (Table 2).
Medication-related side effects (22%) were the second most com-
mon cause for return, with two-thirds of the visits resulting from
opioid medications side effects and one-third due to
anticoagulation-coagulopathy side effects. Medical complications
(11%) included urinary retention, urinary tract infection, acute
bronchitis, and flu-like symptoms. Logistic regression revealed that
patients with a history of avascular necrosis of the hip were more
likely to have an unplanned ED visit (7.27 odds ratio, 95% confi-
dence interval 1.67-31.61, P ¼ .008). We subcategorized patients
into 2 groups (1-day vs 2-day LOS groups) and found no differences
in ED return visits (8.0% 1-day vs 4.6% 2-day LOS, P ¼ .124).
There was, however, a trend for patients in the 1-day LOS group to
more often return to the ED complaining of pain and/or swelling
(4.0% 1-day vs 1.4% 2-day LOS, P ¼ .075).

For the 20 patients who were readmitted within 30 days,
postoperative ileus (23%) and wound infections (18%) were the 2
most common reasons for readmission (Table 3). Of the 3 patients
presenting with wound infections, 1 was conservatively managed
whereas the other 2 required a total of 3 operating room surgical-
site debridement procedures. Patient demographics and perioper-
ative factors for patients readmitted within 30 days of surgery were
compared to those not readmitted (Table 4). Mean age was similar
between groups. However, patients in the readmitted group, pre-
sented with higher BMIs. Readmitted patients demonstrated a
greater acute decrease in hemoglobin levels after surgery, as
measured on postoperative day 1. Mean LOS, operating room time,
and intraoperative blood loss were comparable between groups.
Multiple logistic regression identified BMI, >2 comorbidity, and
previous TKA as risk factors for readmissions within 30 days of
index TJA (Table 5). Ambulating on the day of surgery trended
toward a lower risk for 30-day readmissions.

Institutional cost accounting systems documented hospital
costs by return event, unplanned ED visit, or readmission. The total
hospital cost for unplanned ED visits were $15,427 or $429 on
average per return visit (Table 6). The largest aggregate costs were
incurred for patients presenting with pain and/or swelling ($5381)
andmedical complications ($2406). Hospital costs for readmissions
totaled $142,654 or $6484 per readmission (Table 7). The largest
collective costs were incurred with treatments for wound
infections ($33,011) and postoperative ileus ($18,517). Hospital
costs for all ED visits and readmissions totaled $158,080.
Discussion

The 2016 introduction of the CJR payments model will shift the
burden of cost from Medicare to health systems. In addition to
assuming financially responsibility for costs associated with ED
Table 2
Reasons for Unplanned Emergency Department Visits Within 30-D of Surgery That
Did Not Result in Readmission.

Diagnosis 36 Events %

Pain and/or swelling 13 36
Medication related 8 22
Medical complications 4 11
Syncope 4 11
Noncardiac chest pain 2 6
Cardiac chest pain 1 3
Deep vein thrombosis 1 3
Fall 1 3
Hematoma 1 3
Hypotension 1 3

There were 35 patients with 36 unplanned emergency department visits.
visits and readmissions, hospitals will also be penalized for quality
of care below the national average [14]. The expansion of financial
responsibility to all complications after TJAs necessitates an eval-
uation of ED visits that do not result in readmission. Literature is
scarce on this, with only one study reporting that 12.8% of patients
undergoing TKA procedures returned to the ED and did not require
readmission [18]. The study did not assess costs for such return
visits. Our study expands on the current literature by examining
reasons, risk factors, and costs for unplanned ED visits and read-
missions after both THA and TKA procedures.

We found that 5.3% of patients returned to the ED within 30
days of index TJA. The most common reasons for return were
postoperative pain and/or swelling (36%) or medication-related
side effects (22%). Our findings are similar to those of Rossman
et al [18], who report that postoperative pain and/or swelling (25%)
was the most common reason for return after TKA surgery. As
shorter lengths of stay become the standard of care for patients
undergoing TJAs, overviewing the different stages of recovery in the
preoperative education class is of utmost importance to reassure
patients. A clear line of communication to the surgical care team
after surgery may help reduce ED overutilization. Our study found
that 1-day LOS patients were more likely to present to the ED
complaining of pain and/or swelling, highlighting the need for
optimizing pain control, preoperative education, and communica-
tion in this subgroup of early discharge patients. Postoperative pain
and swelling can be treated by a member of the surgical care team
in an outpatient setting, saving costly ED resources. Based on our
incidence of return visits relating to postoperative pain and/or
swelling, we extrapolate an annual cost of approximately $16,500
per year to our institution.

Alcohol-induced avascular necrosis (AVN) of the hip was a risk
factor for unplanned ED visits within 30 days of index THA. Patients
with AVN of the hip were more likely to present to the ED com-
plaining of pain and/or swelling, indicating the need for additional
resources to be directed at these high-risk patients, all of whom had
AVN as a result of alcohol abuse. At our institution, we are piloting
Table 4
Comparison of Patient Demographics and Perioperative Variables Between Groups.

Variable Readmission No Readmission P Value

Patient demographics
Age (y) 68.5 ± 8.8 65.6 ± 9.1 .153
Body mass index (kg/m2) 34.2 ± 6.2 30.8 ± 5.8 .012

Perioperative variables
Length of stay (d) 2.9 ± 1.9 2.4 ± 1.3 .093
Operating room time (min) 87.5 ± 12.2 82.4 ± 18.2 .216
Intraoperative blood loss (mL) 257.5 ± 137.9 243.5 ± 190.4 .744
D Hemoglobin after surgerya �3.9 ± 2.3 �2.6 ± 1.7 .025

a As measured on postoperative day 1.
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Table 7
Hospital Costs for Readmissions Within 30-D of Surgery.

Diagnosis 22 Events Variable Cost Fixed Cost Total Cost

Wound infection 4 $12,517 $20,494 $33,011
Postoperative ileus 5 $6721 $11,796 $18,517
Prosthetic joint infection 1 $7682 $8167 $15,849
Atrial fibrillation 1 $6130 $9394 $15,524
Sepsis 2 $4685 $8058 $12,743
Paresthesia 1 $4473 $7190 $11,663
Cholecystectomy 1 $3025 $4205 $7230
Hematoma 1 $2650 $4565 $7215
Hyperglycemia 1 $2862 $4196 $7058
Pulmonary embolism 2 $1974 $3572 $5546
Altered mental status 1 $1599 $2850 $4449
Syncope 1 $943 $1763 $2706
Urinary tract infection 1 $387 $755 $1142
Total 22 $55,647 $87,006 $142,654

Table 5
Multiple Logistic Regression Identifying Risk Factors for Readmissions Within 30-D
of Surgery.

Variable Odds Ratio 95% CI P Value

BMI 1.10 1.02-1.78 .013
Comorbidity >2 2.72 1.06-6.95 .037
Prior total knee arthroplasty 2.61 1.01-6.72 .047
Ambulating on the day of surgery 0.13 0.02-1.10 .061

CI, confidence interval; BMI, body mass index.
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strategies such as having our nurse navigators call these higher risk
patients on their first and/or second day after surgery, which is
when patients tend to have the most concerns at home.

Medication-related side effects were a common reason for ED
visits (22%) and readmissions (32%), with narcotic-related side
effects (constipation, nausea, and vomiting) accounting for the vast
majority of these returns. The use of multimodal pain management
regimens can decrease the need for opioid pain medications,
preventing return visits related to their adverse effects. Preopera-
tive education focusing on hydration, stool softeners, and early
ambulation may further decrease opioid-related postoperative
ileus. Our institution is also reexamining our standard fasting policy
(nil-by-mouth from midnight) based on a Cochrane review that
reported shortened time to passage of flatus for patients receiving
preoperative carbohydrate treatments when compared with fast-
ing or placebo [20]. Regarding anticoagulation-related side effects,
aspirin is a substitute for warfarin or low-molecular-weight hepa-
rin for thromboembolism prophylaxis following TJAs [21]. The use
of aspirin in clinically appropriate patients may decrease return
visits related to anticoagulation side effects.

With regard to readmissions, we demonstrate that 3.1% of
patients were readmitted within 30 days of discharge, which is
comparable to literature-reported rates of 2.2%-6.5% [6-11]. Pugely
et al [7], for example, analyzed American College of Surgeons
National Surgical Quality Improvement Program data and report
readmission rates within 30 days of index surgery to be 4.6% and
4.2% for TKA and THA, respectively. The common reasons for
readmission in our study were postoperative ileus (23%) and
wound infections (18%). Other studies have also observed similar
reasons for readmissions, although the exact percentages vary
[6,8,9]. Zmistowski et al [8] reported that infection (35.9%) was the
most common reason for readmission within 30 days, while
gastrointestinal (4.9%)-related causes were less common. Avram
et al [9] demonstrated that septic complications related to the joint
(23.2%) and cardiovascular events (16.8%) were the common
reasons for readmission in their patient population. Geographical
variations in patient demographics may account for the variations
between studies for the reasons for readmissions after surgery.

Risk factors for readmissions within 30 days of surgery were
increased BMI status and >2 comorbidities. Our findings are
Table 6
Hospital Costs for Unplanned Emergency Department Visits That Did Not Result in
Readmission.

Diagnosis 35 Events Variable Cost Fixed Cost Total Cost

Pain or swelling 13 $1743 $3638 $5381
Medical complications 4 $845 $1561 $2406
Drug related 8 $680 $1601 $2281
Syncope 4 $479 $1103 $1582
Noncardiac chest pain 2 $333 $652 $985
Deep vein thrombosis 1 $226 $449 $675
Cardiac chest pain 1 $188 $415 $603
Fall 1 $157 $415 $572
Hematoma 1 $182 $333 $515
Hypotension 1 $140 $286 $426
Total 36 $4972 $10,455 $15,427
consistent with the existing literature [7-10]. Saucedo et al [10], for
example, found that BMI �30 increased the risk for 30-day read-
missions after TKA. Similarly, we demonstrate that patients with a
BMI �30 were at a 2.65 times greater risk for readmissions
(P ¼ .062). The risk for readmission was even greater (3.73 odds
ratio, P ¼ .078) in our morbidly obese (BMI �40) patients. In
contrast to a report that found no association between number of
comorbidity and 30-day readmissions [9], we demonstrate that
patients with >2 comorbidities were at a greater risk for read-
mission within 30 days of TJA surgery. A report using National
Surgical Quality Improvement Program data found that elevated
American Society of Anesthesiologists (ASA) class increased the risk
for readmissions after TJAs [7]. We, however, demonstrate no
association between ASA rating and readmissions. Our findings are
consistent with another study that reviewed 4288 TJAs and found
no association between ASA rating and readmissions [9]. Read-
mission risk should be assessed and mitigated before admission,
especially in those with increased morbidity.

The findings of this study have important financial implications
for health care organizations. We demonstrate that in the new
reimbursement model, our hospital would incur a loss of $158,080
for this study population (n ¼ 655) alone. To further illustrate the
financial impact of these ED visits and readmissions to our insti-
tution, we used the reasons, incidence, and costs for our study
population and extrapolated the financial impact based on our TJA
volume (>2000 TJA) in fiscal year 2015. With ED visits and read-
missions rates of 5.3% and 3.1%, we can postulate that our health
system would have incurred a loss of $47,270 for ED visits and
$437,108 for readmissions, a net loss of $484,377 in fiscal year 2015.
These findings highlight the importance of reducing unplanned ED
visits and readmissions in a cost-sensitive health care environment
that is increasingly focusing on quality-based reimbursement
models.

Our study was limited in that we only examined ED visits and
readmissions within 30 days of surgery. This short time frame could
underestimate our ED visits, readmissions, and costs for compli-
cations related to the index procedure as compared to a 90-day
follow-up. Zmistowski et al [8] examined readmissions in the 30-
day and 90-day follow-up periods and found that 3.1% of patients
were readmitted within 30 days of index surgery whereas 5.3%
were readmittedwithin 90 days. They observed that the reasons for
readmissions between 30 and 90 days were stiffness (55%), medical
conditions (35%), and surgical-site infections (10%). While we did
not track our 90-day readmissions for medical complications,
we found that 3 patients in our study were readmitted during the
30- to 90-day postoperative period for surgical-site complications,
2 for stiffness requiring manipulations under anesthesia and 1 for a
wound infection requiring debridement. Another limitation of our
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study was that 2 high-volume surgeons were included in this
retrospective review, which may have impacted the results of our
study. Reports have shown that high-volume surgeons have fewer
readmissions, shorter LOS, and more discharges to home [22,23].
Our study was also limited in that despite performing a detailed
chart review and history at each postoperative visit, is it possible
that some ED visits or readmissions to other institutions may not
have been discovered. We did elicit one readmission episode to an
outside facility from the patient chart and included it in our
analysis.

Conclusion

Unplanned ED visits and readmissions add to the cost of TJA. The
forthcoming bundled payments reimbursement model will reduce
any cost savings from rapid recovery protocols for TJA. Identifying
and mitigating preventable causes for unplanned visits and read-
missions are critical to improving care and controlling costs in TJAs.
Further study should focus on effectiveness of strategies aimed at
reducing ED visits and readmissions.
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Background: Total hip and total knee arthroplasty (total joint arthroplasty [TJA]) are 2 of the most
common elective surgeries. Identifying which patients are at highest risk for emergency room (ER) visits
or readmissions within 90 days of surgery and the reasons for return are crucial to formulate ways to
decrease these visits and improve patient outcomes.
Methods: This is a retrospective review of a consecutive series of 7466 unilateral primary TJA performed
from July 2013 to June 2017; any patients who had an ER visit or readmission in the first 90 days after
surgery were identified, and a detailed chart review was performed. Patients discharged home or to
rehab were analyzed separately.
Results: Three hundred thirty-six (4.5%) patients had 380 ER visits and 250 (3.3%) patients had 291
readmissions in the first 90 days after TJA. Patients returning to the ER were equivalent to those who did
not. Patients who went to a rehab facility on discharge were significantly more likely to be readmitted
(P ¼ .000). Patients who were readmitted had a higher American Society of Anesthesiologists score
(P ¼ .000). Length of stay decreased over the study period from 2.66 days to 1.63 days, while the number
of unplanned interventions remained steady. Pain and swelling was the most common reason for return
for ER visits (33.2%) and readmissions (14.1%).
Conclusion: The overall number of unplanned interventions after TJA in this population was low and
remained consistent over time despite decreasing length of stay. Patients who went to rehab were more
likely to experience readmission. The majority of unplanned interventions occurred in the first 4 weeks
after surgery.

© 2018 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) and total knee arthroplasty (TKA)
are 2 of the most common surgical procedures performed in the
United States, with the number of procedures performed increasing
each year. In 2015, TKA and hip arthroplasty, both total and partial,
were the 2 most common operations performed during inpatient
hospital stay with 236 TKA and 167 hip arthroplasties performed
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per 100,000 stays [1]. By the year 2030, the demand for primary
TKA is projected to be 3.48 million and for primary THA is 572,000
[2]. Any surgical procedure comes with an inherent risk of com-
plications and joint arthroplasty is no exception. Owing to the large
numbers of THA and TKA performed each year, even a modest
occurrence of complications requiring readmission or emergency
room (ER) visits will have a significant impact on the health-care
system. With the advent of the Affordable Care Act and the Cen-
ters for Medicare and Medicaid Services commitment to decrease
health-care costs, there is a move toward alternative payment
methods including bundled payment models. While this is not yet
mandatory, joint arthroplasty is one of the most common proced-
ures to utilize a bundled payment model, which will include all
costs associated with a procedure for the first 90 days, including
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readmission and ER visits [3]. Other payers are also linking quality
of care to insurance payments with readmissions being a common
measure of quality [4].

Unplanned interventions, ER visits, or readmissions in the first
90 days after surgery significantly add to the cost of patient care
and are associated with suboptimal patient outcomes [3]. Identi-
fying which patients are at highest risk for unplanned interventions
and the causes of return are crucial to formulate ways to decrease
unplanned interventions, thereby improving patient outcomes. A
number of factors have been hypothesized to increase the risk and
the rate of unplanned intervention in TKA and THA patients
including length of stay (LOS), discharge disposition, and patient
factors including comorbidities [4e8].

There have been many studies examining readmission after
total joint arthroplasty (TJA) with somewhat varied conclusions
[7,9e11] though few studies have examined ER visits either inde-
pendently or concurrently with readmissions [12e14]. We aimwith
this study to add to the current body of literature by examining
both readmissions and ER visits experienced by patients after TJA
from one high-volume institution. We seek to identify the timing of
unplanned interventions and the reasons for the visits to identify
necessary areas of improvement to care pathways. We also seek to
evaluate whether decreased hospital length of stay increases the
rate of unplanned interventions.

Methods

The institutional review board approval was obtained. A retro-
spective chart review was performed for a consecutive series of all
primary unilateral TJA performed at this institution between July
2013 and June 2017. Surgeries were performed by one of 11 board-
certified orthopedic surgeons. Basic demographic data including
age, sex, and body mass index, discharge disposition, and LOS were
recorded for the entire population. American Society of Anesthe-
siologists (ASA) score was used to quantify preoperative health
status [15]. All patients who returned to this institution via ER or
readmission were identified, and a detailed chart review was
performed.

Perioperative Protocol

All patients were subject to the same perioperative protocols in
a coordinated Joint Replacement Center Program. Throughout the
study, all patients received preoperative education consisting of
written materials and a class, preoperative medical evaluation, and
preoperative strengthening via a home exercise program or formal
physical therapy. All patients underwent a standard decolonization
protocol with intranasal mupirocin ointment twice daily for 3 days
before surgery and chlorhexidine body wash for 3 days before
surgery. All patients also received parenteral antibiotics per the
Surgical Care Improvement Project guidelines. Before the imple-
mentation of an enhanced recovery after surgery (ERAS) protocol,
patients received either general anesthesia with a femoral nerve
block for TKA or spinal anesthesia and pain control via infiltrative
anesthetic and patient-controlled analgesia transitioning to oral
pain medication on postoperative day one. In this time period,
warfarin was the primary pharmacologic prophylaxis for deep vein
thrombosis (DVT) along with mechanical prophylaxis, and patients
were typically mobilized in the morning of postoperative day one.
Patients received group physical therapy twice daily while in the
hospital and were discharged either to a skilled nursing facility
(SNF) or to home health or outpatient physical therapy 3 times a
week. After the implementation of the ERAS protocol in April 2015,
patients received regional anesthesia wherever appropriate;
femoral nerve blocks and patient-controlled analgesia were
discontinued, and multimodal pain management regimens were
initiated with celecoxib, acetaminophen, pregabalin and short-
acting opioids. Patients also received aggressive intraoperative
fluid management, tranexamic acid utilization, and day of surgery
ambulation. Aspirin 325 mg bid became the primary pharmaco-
logic DVT prophylaxis, using warfarin in selected high-risk patients.
Postdischarge physical therapy protocols did not change.

Study Population

A total of 7466 patients were included in the study. All TKAs
(4720 patients) were performed via a standard medial patellar
arthrotomy, posterior approach THA (924 patients) in the lateral
decubitus position and anterior approach THA (1822 patients) us-
ing a modern fracture table. There were a total of 671 unplanned
interventions in the first 90 days postoperatively by 586 patients,
7.8% of the study group. There were 380 visits were made to the ER
by 336 (4.5%) patients and 250 (3.3%) patients experienced 291
readmission events.

Study Outcomes

We examined incidence and risk factors of patients who expe-
rienced an unplanned intervention, either ER visit or readmission
in the first 90 days after surgery. The entire group was analyzed,
and then patients discharged home or to an SNF were analyzed
separately. Unplanned ER visits or readmissions were defined as
any return to the hospital within 90 days of the index admission.
The primary diagnosis documented in the patient chart was
considered to be the reason for the return visit.

Statistical Analysis

Pearson's chi-squared tests were used to analyze the differences
in categorical variables between groups. A series of t tests and
analysis of variance were used to analyze continuous variables. A
P value less than or equal to .05 was treated as statistically signif-
icant. All analyses were performed using SPSS (SPSS 24.0, IBM Inc.,
Somers, NY).

Results

A total of 7466 patients were included in the study. Of the total
sample, 5835 (78.2%) patients were discharged home and 1631
(21.8%) patients discharge to an SNF. In the group of patients that
discharged home 264 (4.5%), patients experienced 303 ER visits and
169 (2.9%) patients experienced 194 readmissions. Of the patients
who discharged to an SNF, 72 (4.4%) patients experienced 77 ER
visits and 81 (5.0%) patients experienced 97 readmissions. The
percentage of patients experiencing an ER visit was not signifi-
cantly different between patients discharged to home vs an SNF
(P ¼ .827) though the readmission rate was (P < .000). There was a
47.4% decrease in patients discharged to an SNF instead of home,
from 29.3% in year 1 to 15.4% in year 4 (P < .000).

There was a significant decrease of 38.7% in overall LOS, from
2.66 days to 1.63 days over the course of the study (P < .000). Pa-
tients who discharged home also experienced a decrease in LOS,
from 2.38 days to 1.35 days (P < .000). The decrease in LOS expe-
rienced by patients discharged to an SNF was minimal (3.23 to 3.13
days, P ¼ .574). An ERAS protocol was implemented at this insti-
tution halfway through the study period. There was a 23.1%
increase in the overall number of patients having joint arthro-
plasties during the study, from1674 the first year to 2061 by the last
year. The overall number of patients experiencing unplanned in-
terventions was unaffected by decreasing LOS or implementation of



Fig. 1. Patient volume by study year.

Table 2
Patient Factors That Increase Risk of Emergency Room Visit for Patients Discharged
Home.

No ER Visit ER Visit Sig.

Age, y (mean ± SD) 64.96 ± 9.24 64.38 ± 10.54 .377
Sex .043
Female (%) 55.6 49.2

Body mass index, kg/m2

(mean ± SD)
31.28 ± 5.98 31.03 ± 5.85 .518

ASA score 3 or 4 (%) 36.7 41.3 .151
Procedure time, min (mean ± SD) 82.92 ± 30.58 83.90 ± 20.71 .605
Total OR time, min (mean ± SD) 127.51 ± 24.23 127.95 ± 24.04 .773
Procedure type .332
THA (%) 37.4 34.5
TKA (%) 62.6 65.5

Length of stay, d (mean ± SD) 1.72 ± 0.97 1.78 ± 0.92 .287
Length of stay, h (mean ± SD) 47.72 ± 23.06 49.36 ± 22.13 .257

P � .05 are in bold.
ASA, American Society of Anesthesiologists; ER, emergency room; SD, standard devi-
ation; THA, total hip arthroplasty; TKA, total knee arthroplasty; OR, operating room.
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ERAS protocols (Fig. 1) when examining the population as a whole,
and this remained true when looking only at patients who were
discharged home.

When examining the impact of patient variables on the risk of
an ER visit for the entire population, none showed significance
(Table 1). The only factor that approached significance was having a
TKA (63.0% vs 67.6%, P ¼ .091). Age (66.56 vs 65.92 years, P ¼ .288),
sex (59.2% vs 55.4% female, P ¼ .157), and LOS (2.08 vs 2.17 days,
P ¼ .262) were all equivalent between those that returned to the ER
and those that did not. Discharge to an SNF between the groupswas
also equivalent (21.8% vs 21.4%, P¼ .877). Table 2 compares only the
patients who discharged home. In this cohort, the sex of patients
became significant; 50.8% of patients returning to the ER were
males compared with 44.4% of patients who did not (P ¼ .043). The
groups were comparable on all other measures.

Table 3 shows the impact of patient factors on the risk of
readmission for the entire study population. Patients that were
readmitted were older (66.45 vs 68.92 years, P < .000), were more
likely to have an ASA score of 3 or 4 (41.3% vs 56.3%, P < .000), and
were more likely to be male (40.7% vs 48.0%, P ¼ .021). Of patients
who were readmitted, a higher percentage were initially dis-
charged to an SNF (21.4% vs 32.4%, P ¼ .000). Patients who were
readmitted had a longer length of stay compared with those who
did not get readmitted (2.06 vs 2.67 days, P¼ .000). The percentage
of patients having a TKA was equivalent between groups (63.2% vs
64.4%, P ¼ .694). When looking only at the patients who discharged
Table 1
Patient Factors That Increase Risk of Emergency Room Visit for the Total Study
Population.

No ER Visit ER Visit Sig.

Age, y (mean ± SD) 66.56 ± 9.70 65.92 ± 10.73 .288
Sex .157
Female (%) 59.2 55.4

Body mass index, kg/m2

(mean ± SD)
31.35 ± 6.23 31.52 ± 6.34 .633

ASA score 3 or 4 (%) 41.6 46.2 .116
Procedure time, min (mean ± SD) 82.99 ± 29.19 84.71 ± 21.38 .288
Total OR time, min (mean ± SD) 127.71 ± 24.71 128.90 ± 24.65 .387
Procedure type .091a

THA (%) 37.0 32.4
TKA (%) 63.0 67.6
Discharge to SNF (%) 21.8 21.4 .877

Length of stay, d (mean ± SD) 2.08 ± 1.41 2.17 ± 1.46 .262
Length of stay, h (mean ± SD) 56.43 ± 33.66 58.79 ± 35.28 .209

ASA, American Society of Anesthesiologists; ER, emergency room; SD, standard
deviation; SNF, skilled nursing facility; THA, total hip arthroplasty; TKA, total knee
arthroplasty; OR, operating room.

a P approaches significance.
home, there were also significant differences (Table 4). Patients
who were readmitted were still older (64.88 vs 66.77 years,
P¼ .020), more likely to have an ASA score of 3 or 4 (36.6% vs 45.9%,
P ¼ .022), and more likely to be male (44.5% vs 53.3%, P ¼ .023).
These patients also had a longer initial length of stay (1.72 vs 1.95
days, P ¼ .015).

The majority of unplanned interventions, both ER visits, and
readmissions occurred within the first 4 weeks after surgery
(Fig. 2). A total of 91% of ER visits and 83% of readmissions took
place in the first 4 weeks, with 169 ER visits and 90 readmissions
occurring in the first 5 days after discharge.

Table 5 compares the reasons for ER visits between patients who
were discharged home and patients who were discharged to an
SNF. The most common reason patients returned to the ER in both
cohorts was postoperative pain and swelling (35.0% vs 26.0%,
P¼ .134), though this was not significant between the groups. Other
medical complications (12.2% vs 24.7%, P ¼ .006) occurred in a
significantly higher percentage of patients who were initially dis-
charged to an SNF; this category included diagnoses such as
pneumonia, anxiety, vertigo, and epistaxis. One other category
approached significance between groups; a greater percentage of
patients discharging to an SNF experienced an ER visit due to a fall
(3.0% vs 7.8%, P ¼ .052). The remainder of reasons for ER visits was
equivalent between groups. There were 4 thromboembolic events
(3 DVT and 1 pulmonary embolism) accounting for 1.1% of total
visits to the ER.
Table 3
Patient Factors That Increase Risk of Readmission for the Total Population.

No Readmission Readmission Sig.

Age, y (mean ± SD) 66.45 ± 9.70 68.92 ± 10.65 .000
Sex .021
Female (%) 59.3 52.0

Body mass index, kg/m2

(mean ± SD)
31.33 ± 6.22 32.32 ± 6.54 .013

ASA score 3 or 4 (%) 41.3 56.3 .000
Procedure time, min (mean ± SD) 82.88 ± 29.00 88.72 ± 24.45 .002
Total OR time, min (mean ± SD) 127.55 ± 24.57 133.90 ± 27.82 .000
Procedure Type .694
THA (%) 36.8 35.6
TKA (%) 63.2 64.4

Discharge to SNF (%) 21.4 32.4 .000
Length of stay, d (mean ± SD) 2.06 ± 1.35 2.67 ± 2.60 .000
Length of stay, h (mean ± SD) 56.04 ± 32.16 70.73 ± 62.76 .000

P � .05 are in bold.
ASA, American Society of Anesthesiologists; SD, standard deviation; SNF, skilled
nursing facility; THA, total hip arthroplasty; TKA, total knee arthroplasty; OR,
operating room.



Table 4
Patient Factors That Increase Risk of Readmission for Patients Discharged Home.

No Readmission Readmission Sig.

Age, y (mean ± SD) 64.88 ± 9.27 66.77 ± 10.37 .020
Sex .023
Female (%) 55.5 46.7

Body mass index, kg/m2

(mean ± SD)
31.24 ± 5.98 31.91 ± 5.89 .153

ASA score 3 or 4 (%) 36.6 45.9 .022
Procedure time, min (mean ± SD) 82.83 ± 30.35 87.57 ± 24.33 .044
Total OR time, min (mean ± SD) 127.39 ± 24.09 132.24 ± 27.80 .026
Procedure Type .195
THA (%) 37.4 32.5
TKA (%) 62.6 67.5

Length of stay, d (mean ± SD) 1.72 ± 0.96 1.95 ± 1.21 .015
Length of stay, h (mean ± SD) 47.63 ± 22.79 53.18 ± 29.45 .016

P � .05 are in bold.
ASA, American Society of Anesthesiologists; SD, standard deviation; THA, total hip
arthroplasty; TKA, total knee arthroplasty; OR, operating room.
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Table 6 compares the reasons for readmissions between patients
who were discharged home and patients who were discharged to
an SNF. There were several reasons that differed significantly be-
tween the 2 groups, pain and swelling (19.1% vs 4.1%, P ¼ .001) and
thromboembolic events (7.7% vs 1.0%, P ¼ .018) were more likely to
occur in patients discharging to home. All but 2 of the thrombo-
embolic events in readmitted patients were for pulmonary embo-
lism. Wound infection (10.3% vs 19.6%, P ¼ .029) and anemia (0.5%
vs 6.2%) weremore likely to occur in patients discharging to an SNF.
A higher percentage of patients discharged to an SNF also experi-
enced other medical complications (9.8 vs 7.5%, P ¼ .059) and uri-
nary symptoms (2.1 vs 6.2%, P ¼ .069) and these both approached
significance. Other medical complications included diagnoses such
as viral illnesses, renal complications, and diabetic complications.
Discussion

In this era of cost efficiency and bundled payment models, there
has been concern that a decreasing length of stay after TKA and THA
would increase ER visits and readmissions [5,16,17]. Similar to the
study by Saucedo et al [11], we found that patients who were
readmitted actually had a longer initial LOS. This held true for the
entire study population and when we looked exclusively at the
patients who discharged to home. This could be explained by an
increased burden of medical comorbidities, though longer LOS has
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been linked to risk of readmission in other populations as well [18].
In addition, while our rate of unplanned interventions stayed fairly
consistent, our average LOS for the entire cohort fell by >1 day over
the study period. The LOS of patients discharged home also fell by
>1 day over the course of the study without an increase in ER visits
or readmission events.

The rate of ER visits following TJA has been documented at
anywhere from 5.8% to 12.0% in the first 30-90 days after surgery
[3,12,14]. In our study population, the overall rate of ER visits was
4.5% in the first 90 days, substantially lower than other published
studies. When looking at patients who discharged to home and
patients who discharged to an SNF, they both had a similar rate of
ER visits. We also found that almost half of the visits, 45% occurred
in the first 5 days after hospital discharge and 91% within 28 days.
About one-third of ER visits were due to pain and swelling which is
likely a preventable cause of return [19]. Returning to the ER for
pain and swelling was not dependent on discharge disposition as it
was themost common reason for both patients discharged to home
and patients discharged to an SNF. All primary joint arthroplasty
patients at our institution are included in a standardized pathway
starting from the point at which surgery is scheduled and
continuing into the postoperative period. One of the components of
this is a preoperative education class that approximately 75% of
patients take before surgery. In addition, all patients are given
detailed written educational material both preoperatively and
postoperatively in an attempt to reduce unnecessary unplanned
interventions. With the advent of newer technology, changing the
way this information is disseminated and improving access to
providers before resorting to emergency care may help decrease
this type of visit [20].

Readmission following TKA and THA has been more thoroughly
studied with recent publications documenting a readmission rate
of 2.2%-7.8% in the first 30-90 days after surgery [3,4,6,7,9,11]. Our
readmission rate in this study was 3.3%. Readmissions were
somewhat delayed compared with ER visits, only 31% of read-
missions occurred in the first 5 days after surgery and 83% at 28
days. We found that patients whowere discharged to an SNF rather
than home had an increased likelihood of readmission. This is
consistent with other published studies, though those studies
relied primarily on large national databases rather than a single
institution's data [8,21e23]. The reasons for this are not entirely
clear. Ponnusamy et al [23] suggests that SNFs may have a lower
threshold for transferring patients back to the hospital and that the
proximity of many SNFs to the acute care facility may be a factor as
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Table 5
Reasons for ER Visits.

Reason for Return Number of Visits (Discharge
Home) N ¼ 303 (%)

Number of Visits
(Discharge SNF) N ¼ 77 (%)

Sig. (Discharge
Home vs SNF)

All Visits Percent
(Total Population)

Pain/swelling 106 (35.0) 20 (26.0) .134 1.7
Other medical issues 37 (12.2) 19 (24.7) .006 0.75
Urinary symptoms 24 (7.9) 4 (5.2) .414 0.36
Shortness of breath 18 (5.9) 4 (5.2) .802 0.29
Wound infection 15 (5.0) 1 (1.3) .154 0.21
Other orthopedic issues 12 (4.0) 5 (6.5) .337 0.23
Nausea/vomiting/diarrhea 12 (4.0) 4 (5.2) .630 0.21
Constipation/Ileus 11 (3.6) 2 (2.6) .656 0.17
Syncope 10 (3.3) 2 (2.6) .753 0.16
Medication related 10 (3.3) 2 (2.6) .753 0.16
Fever 10 (3.3) 0 .106 0.13
Fall 9 (3.0) 6 (7.8) .052 0.20
Cardiac complication 9 (3.0) 4 (5.2) .338 0.17
Noncardiac chest pain 8 (2.6) 2 (2.6) .983 0.13
Mechanical complication 7 (2.3) 2 (2.6) .882 0.12
DVT/PE 4 (1.3) 0 .311 <0.01
Periprosthetic fracture 1 (0.3) 0 .614 <0.01

P � .05 are in bold.
DVT, deep vein thrombosis; ER, emergency room; SNF, skilled nursing facility; PE, pulmonary embolism.
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well. Our institution does not have an on-site SNF, so that is not a
factor in this study. Overall preoperative health status is another
possible reason. Patients with a higher comorbidity burden pre-
operatively are more likely to discharge to an SNF and the same
patients are at higher risk of adverse events after surgery [21],
though in our study many of the patient characteristics associated
with readmission in the population as a whole also held true when
looking only at the patients discharged home.

While pain and swelling was also the most common reason for
readmission in patients who discharged to home, the reasons for
readmission were more evenly distributed across the categories.
When comparing groups by discharge disposition, patients who
were discharged home had a significantly higher rate of return for
pain and swelling and for thromboembolic events. It is probable
that patients discharged to an SNF who experienced similar
symptoms were able to be assessed and managed in that facility
rather than needing to return to an acute care facility. Patients who
were discharged to an SNF had a much higher rate of infectious
Table 6
Reasons for Readmission.

Reason for Return Number of Visits (Discharge
Home), N ¼ 194 (%)

Nu
(D

Pain/swelling 37 (19.1) 4
Wound infection 20 (10.3) 19
Other medical issues 19 (9.8) 17
Cardiac complications 17 (8.8) 8
DVT/PE 15 (7.7) 1
Small bowel obstruction/GI bleed 12 (6.2) 6
Cellulitis 10 (5.2) 7
Neurologic complication 9 (4.6) 6
Other orthopedic issues 8 (4.1) 3
Periprosthetic infection 8 (4.1) 3
Mechanical complication 7 (3.6) 4
Periprosthetic fracture 7 (3.6) 3
Constipation/ileus 7 (3.6) 3
Syncope 6 (3.1) 0
Urinary symptoms 4 (2.1) 6
Shortness of breath 4 (2.1) 1
Anemia 1 (0.5) 6
Medication related 1 (0.5) 0
Fever 1 (0.5) 0
Nausea/vomiting/diarrhea 1 (0.5) 0

P � .05 are in bold.
DVT, deep vein thrombosis; SNF, skilled nursing facility; GI, gastrointestinal; PE, pulmon
compared with those discharging home. While this may be related
to the patient's overall health status, it also raises concerns of
nosocomial infection in these patients and emphasizes the need to
continue to decrease SNF admissions in THA and TKA patients
[8,23]. Compared to ER visits, more readmissions were directly
related to surgical complications.

The study has multiple strengths. Our study sample is large and
extends over a 4- year period. We included all ER visits and read-
missions that occurred in the first 90 days after surgery, rather than
stopping at 30 days postoperatively. Because all the data are from
one institution, we can confidently state that all patients were
subjected to the same protocols preoperatively, during the hospi-
talization and postoperatively which decreases the risk of some
confounding variables. We also examined patients discharged
home and to an SNF separately.

Wewere unable to account for any readmissions or ER visits that
may have happened outside of our institution, though our insti-
tution is geographically isolated. When examining statewide
mber of Visits
ischarge SNF), N ¼ 97 (%)

Sig. (Discharge
Home vs SNF)

All Visits Percent
(Total Population)

(4.1) .001 0.55
(19.6) .029 0.52
(17.5) .059 0.48
(8.2) .882 0.33
(1.0) .018 0.21
(6.2) 1.0 0.24
(7.2) .480 0.23
(6.2) .574 0.20
(3.1) .664 0.15
(3.1) .664 0.15
(4.1) .828 0.15
(3.1) .820 0.13
(3.1) .820 0.13

.080 <0.01
(6.2) .069 0.13
(1.0) .523 <0.01
(6.2) .003 <0.01

.479 <0.01

.479 <0.01

.479 <0.01

ary embolism.
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readmission data from the Chesapeake Regional Information Sys-
tem, 85.8% of TJA patients are readmitted back to our institution.
We hypothesize that the small number of unplanned interventions
that we cannot account for are similar in reason and occur in a
similar time frame that they did in this study sowhile the incidence
of these events may be underestimated in this study, the data still
have value in formulating strategies to improve care. In addition,
because this was a retrospective study, we are unable to account for
all possible confounding variables. We also limited this study to
elective, unilateral primary THA and TKA.

Conclusion

The overall number of unplanned interventions experienced by
this population was low. LOS decreased substantially in the total
population as well as in patients discharged to home over the study
period without an increase in either ER visits or readmissions. The
majority of unplanned interventions occurred within the first 4
weeks after surgery. Pain and swelling was the most common
reason for patients to return to the ER or be readmitted from home.
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Neuromuscular Electrostimulation Device
Reduces Preoperative Edema and Accelerates
Readiness for Theater in Patients Requiring
Open Reduction Internal Fixation for Acute

Ankle Fracture
Ihsan Mahmood, FRCS (T&O), Henry Chandler, MRCS, Lucksy Kottam, PhD,

William Eardley, FRCS (T&O), Amar Rangan, FRCS (T&O),
and Paul Baker, FRCS (T&O)

Abstract: Significant edema manifests as soft tissue swelling that can delay
surgery in patients with ankle fractures. Interventions that expedite swelling
reduction may yield clinical and economic benefits. This case-control pilot
study aimed to assess the ability to recruit ankle fracture patients to a pro-
spective study using a neuromuscular electrostimulation (NMES) device.
Device effectiveness, safety, and patient acceptability were also assessed.
Prospective evaluation of 20 patients admitted for ankle fracture fixation with
the application of NMES device to the skin just below the knee (intervention
arm). Participants were matched for baseline demographics and injury
descriptors to a historical operative cohort (control arm). The time until the
swelling had settled to a level permitting surgery (“readiness for surgery”)
was recorded alongside patient tolerability and device acceptance. The mean
time until swelling reduced to a level permitting surgery was 1.66 days
(NMES) versus 3.66 days (control) (P=0.001). Overall 60% of participants
were ready for theater after 2 days of treatment with the NMES device
compared with 27% in the control group (P<0.01). Independent health
economic modeling of this scenario suggests that the savings associated with
this accelerated readiness for theater is £569 per patient. The NMES device is
safe and well tolerated by patients with ankle fractures. It is easy to apply, can
be worn continuously, and does not restrict patients to their bed space. This
study suggests that it is effective in reducing ankle edema and accelerating
readiness for theater and may therefore allow earlier surgery and reduced
length of stay in this patient group.

Level of Evidence: Diagnostic Level 3. See Instructions for Authors for
a complete description of levels of evidence.

Key Words: ankle, surgery, swelling, transcutaneous electric nerve
stimulation, trauma

(Tech Foot & Ankle 2019;00: 000–000)

A nkle fractures comprise 9% of all orthopedic fracture
referrals and ~15,000 cases are surgically treated every

year in the United Kingdom.1,2 Indications for fixation include

actual or potential fracture displacement with associated talar
shift and loss of joint congruency.3 Soft tissue swelling sec-
ondary to edema resultant from tissue disruption at injury can
delay surgery because of concerns about potential wound
breakdown.4 Delay in fixation may increase hospital stay, result
in a higher risk of generic complications of recumbency, and
lower levels of patient satisfaction.5,6

Various strategies are in use to decrease swelling in
patients with ankle fractures with no “gold standard” treat-
ment. “Passive” methods such as leg elevation and ice
therapy and “active” interventions such as arteriovenous
foot pumps (AVFP) and intermittent pneumatic compression
(IPC) devices have all been described.7–11 A recent system-
atic review on the use of AVFP and IPC devices suggested
that although there was some evidence that these devices
reduce time to surgery and degree of swelling before the
operative intervention, the overall strength of evidence to
support their use is poor.12

The NMES device (Fig. 1) used in this study offers an
alternative to traditionally used AVFP and IPC devices. It is
applied to the skin just proximal to the patient’s plaster cast
overlying the common peroneal nerve (Fig. 2). Neuromuscular
electrostimulation (NMES) of the nerve activates the calf and
foot muscle pumps of the lower leg that return blood towards
the heart mimicking the process observed when walking.13 By
activating the muscle pump, intermittent pressure is created
within the veins, interstitial, and lymph system. This augments
venous and lymphatic return. It has been shown to reduce
edema in a range of traumatic and nontraumatic settings,14,15

including ankle sprain16 and has been found to be safe and
effective in a systematic review,17 with no reported adverse
incidents.

The primary aim of this study was to evaluate the ability to
recruit ankle fracture patients to a prospective study utilizing
the NMES device within a major trauma center. Secondary
aims were to: (a) assess time until swelling reduced permitting
surgery for patients requiring ankle fixation when treated with
NMES compared with data from matched retrospective controls
and (b) assess the safety and tolerability of the NMES device in
this population.

METHODS
This study was a single-center, feasibility, open-label compar-
ison of a prospective cohort of patients treated with the NMES
device against a retrospective matched control group. The
prospective cohort allowed assessment of the feasibility to
recruit ankle fracture patients to a study utilizing the NMES
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device (primary aim) in addition to assessing the safety and
tolerability of the NMES device in this patient population
(secondary aim). Matching to a retrospective control group
allowed for preliminary assessment of the effectiveness of the
NMES for the treatment of preoperative ankle edema in patients
awaiting surgery for an ankle fracture (secondary aim).

Prospective Cohort
The prospective cohort included 20 consecutive consenting
patients with ankle fractures requiring surgical fixation
presenting to the trauma service of a major trauma center.
Eligible participants were recruited between July 2016 and
January 2017. Inclusion and exclusion criteria are described in
Table 1. All participants consented into the study before the
application of the NMES device.

Patients were approached at the point of admission to the
trauma ward. Initial care in the emergency department followed
standard practice (initial x-ray, fracture reduction if needed,
application of plaster backslab, repeat x-ray in the cast to
confirm satisfactory reduction and fracture position).

Every patient presenting with an ankle fracture that, in the
opinion of the treating surgeon, required surgical fixation was
assessed for inclusion in the study. Once consented the par-
ticipants had their swelling assessed for suitability for theater by
an experienced orthopedic surgeon (senior registrar or con-
sultant) by splitting their backslab and the NMES device was
then applied. The NMES device was worn continuously from
application until theater. Standard care included inpatient
admission for bed rest and elevation in the plaster backslab. No
other adjunctive measures to reduce swelling (eg, cryotherapy
and pneumatic foot pumps) were used for the duration of
the study.

Further assessments of ankle swelling were made each
morning by the treating orthopedic consultant. This was on the
basis of subjective assessment of “readiness for theater” on the
basis of their standard practice. This mirrors standard care
across the United Kingdom as presently there are no guidelines
for the assessment of a patient’s suitability for theater after
ankle fracture and no standardized method for assessing edema
in this patient population. This continued until the patient

underwent surgical fixation. For each participant, the time from
admission until their swelling was deemed to be “ready for
theater” was noted. This does not always coincide with time to
theater and this was separately recorded. Length of hospital stay
both preoperation and after surgery was noted. Tolerability of
the device was evaluated each morning using a Likert scale (1:
no sensation to 5: severe discomfort). Adverse events and
device removal for each patient were monitored and recorded.
For each patient, the time to surgery from admission and length
of hospital stay were noted.

The NMES Device
The geko is a (Conformite Europeene) CE-marked small
disposable, internally powered, neuromuscular stimulation
(NMES) device that is applied to the skin (Fig. 1). The device
is self-adhesive and is applied to the lateral/posterior aspect of the
knee. This positioning enables integral electrodes to apply a
stimulus to the common peroneal nerve eliciting a twitch of the
muscles activating the venous pumps of the leg (Fig. 2).

In the study cohort, the effectiveness of the NMES device
was assessed by looking for discernible dorsiflexion of the foot
when the impulse was generated.18 If the T2 (27 mA) device
did not generate a satisfactory contraction, then the protocol
allowed an R-2 (54 mA) device to be applied. In this cohort, no
R-2 devices were used as there were no nonresponders with the
T-2 geko device.

Retrospective Matching
To allow comparative analysis each patient from the prospective
cohort was retrospectively matched to historical control. Matching
was undertaken on the basis of 5 defined criteria: age (± 5 y), sex,
ethnicity, fracture type (unimalleolar vs. bimalleolar/trimalleolar),
dislocated at presentation to hospital (yes vs. no) and the match
had to agree for all 5 criteria for it to be valid. Matches were
achieved by working back from December 31, 2015 through
surgically treated ankle fracture cases treated within the trust. The
first valid match was chosen for each case (Fig. 3).

The case notes of all matches were reviewed to confirm
they fulfilled both the matching criteria and the inclusion

B FIBULA HEAD

A COMMON PERONEAL NERVE
B

A

FIGURE 2. The geko device placement.

TABLE 1. Study Inclusion and Exclusion Criteria

Inclusion
criteria

Aged 18-60 y old
Clinically and radiologically diagnosed acute ankle
fracture that, in the opinion of the treating surgeon,
requires operative fixation

Able to understand the patient information sheet and
willing to sign the written informed consent form

Able and willing to follow the protocol requirements
Exclusion

criteria
Has a pacemaker
Morbid obesity (BMI > 40 kg/m2)
Patients who on presentation to the hospital are known
to be pregnant

Clinically significant comorbidities that need to be
treated before surgical intervention and could
therefore impact upon time to theater

History or signs of previous deep or superficial vein
thrombosis/pulmonary embolism

Varicosities, ulceration, or erosion around the area of the
leg where the study device would be fitted

Diabetic
Already taking part in a clinical study, or has so within
the last 8 wk

Nonresponder to NMES device

BMI, body mass index; NMES, neuromuscular electrostimulation.

FIGURE 1. The geko device.
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criteria used within the prospective element of the trial. If they
did not fulfill the inclusion criteria, then the next most recent
match was identified and similarly assessed. This continued
until an appropriate match on the basis of the matching algo-
rithm and fulfillment of the study inclusion criteria was iden-
tified. Having identified an appropriate match, the case notes
were reviewed for information relating to “readiness for the-
ater,” time to theater, and length of stay.

Data Analysis and Statistics
A comparison of readiness for surgery and time to surgery for
the study group and the matched retrospective cohort was
assessed using the Wilcoxon signed-rank test. Tolerability data
for each intervention were collected on discharge, measured
using a Likert 1 to 5 scale. Interventions were compared with
the Mann-Whitney U test. A P-value of <0.05 was considered
to be significant. A formal power calculation was not used as
this was a pilot feasibility study with the primary aim of
assessing the ability to recruit ankle fracture patients to a
prospective study utilizing the NMES device.

Health Economic Analysis
Independent health economic analysis was conducted by Mtech
Access Ltd (Bicester) alongside the study to assess the potential
savings associated with earlier “readiness for theater.” Costs were
sourced locally and the only differences between the 2 pathways
where the inclusion or exclusion of the NMES device and the
respective time from admission to “readiness for theater.”

Ethics
The study was ethically approved by the UK Research Ethics
Service ref: 16/LO/0380 and before the first participant being
recruited the study registered on clinicaltrials.gov ref:
NCT02841007.

Funding
This study was sponsored by Firstkind Ltd (High Wycombe, UK).
The participants were not reimbursed for participation in the study.

RESULTS
Twenty eligible participants (9 female individuals) of mean
age 45.4 years (range, 19 to 64) were recruited over a 6-month
period, comprising 14 bimalleolar/trimalleolar and 6 single
malleolus fractures. Eleven were dislocated or subluxated
at presentation, undergoing manipulation in the emergency
department.

Five patients were withdrawn from the study. One partic-
ipant was treated without an operation after discussion among the
surgical team; 4 participants were treated with external fixation by
their treating surgeon before the index open reduction internal
fixation procedure and details on “readiness for theater” were
therefore not available. However, all 4 of the participants who
underwent external fixation wore the device for a minimum of
2 days allowing safety and device tolerability data to be collected
for these participants. Data matching and subsequent analysis were
performed on the remaining 15 participants. The details of the
comparison groups are given in Table 2.

Edema, “Readiness for Theater” and Time to Theater
The mean time until the edema had been reduced facilitating a
“readiness for theater” was 1.66, with a standard error of mean
(SEM) 0.37 days in the NMES group versus 3.66 (SEM 0.59) days
in the control group (P=0.001). Overall 60% of participants were
ready for theater after 2 days of treatment by the NMES device
compared with 27% in the control arm (P<0.01).

Despite earlier “readiness for theater” the time to theater
for both groups was similar: NMES group 3.87 days (SD, 0.6)
versus control group 4.00 days (SD, 0.7), (P= 0.89). In the
NMES group, participants waited for a combined total of
2.2 days for theater after swelling had subsided because of the
lack of theater capacity which may explain this finding.

Safety and Tolerability
A 1 to 5 scale for the tolerability of the device was used, with 1=no
sensation and 5= severe discomfort. On the first-day postadmission,
15 of 19 (79%) participants rated the device tolerability as a
2=minimal sensations, 1 of 19 (5%) as 3=mild discomfort, 2 of 19
(10%) as moderate discomfort, and 1 of 19 (5%) as severe
discomfort. Of the 19 participants fitted with the device, only 1
participant was noncompliant with its use and stopped using it on
day 3 postadmission, the remaining 95% of participants wore the
device until withdrawal or of the open reduction internal fixation
procedure. In the NMES group, there was 1 device deficiency
(battery failure). This was replaced with a new device.

Surgically 
treated ankle 

fracture

Dislocated - Requiring
manipulation in A&E

Bimalleolar /
Trimalleolar

Gender

Age +/- 5yrs

Unimalleolar

Gender

Age +/- 5yrs

Not dislocated - Not
requiring manipulation

in A&E

Bimalleolar /
Trimalleolar

Gender

Age +/- 5yrs

Unimalleolar

Gender

Age +/- 5yrs

FIGURE 3. Outline of the algorithm used to match historical
patients to our prospective cohort.

TABLE 2. Demographic Details of the Matched
Comparison Groups

Variable

All
Participants
(N= 30)

Retrospective
Matched Controls

(N= 15)

NMES
Group
(N= 15)

Mean age 48.4 ( ± 13.0) 49.6 (± 13.5) 47.3 ( ± 12.9)
Sex
Male 16 (53%) 8 8
Female 14 (47%) 7 7

Ethnicity
White 30 (100%) 15 15

Dislocation
Yes 14 (47%) 7 7
No 16 (53%) 8 8

Unimalleolar 12 (40%) 6 6
Of which

dislocated
4 (33%) 2 2

Bimalleolar/
Trimalleolar

18 (60%) 9 9

Of which
dislocated

10 (56%) 5 5

Readiness for
theater days,
mean (SEM)

2.66 (0.40) 3.66 (0.59) 1.66 (0.37)

NMES, neuromuscular electrostimulation.
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Health Economics
Independent health economic modeling of the study outcome
(“readiness for theater”) demonstrated that the value of
reducing the readiness for theater by 2 days compared with
the historical control group would save £569 per patient.

DISCUSSION
This study demonstrates that the NMES device is both safe and
well tolerated in a group of patients with ankle fractures awaiting
fixation. We found that it is possible to recruit ankle fracture
patients into a prospective study and rates of patient-related
withdrawals because of device issues was extremely low. In
addition, within the limitations of the study design, the device
demonstrated greater preoperative edema reduction when com-
pared with a retrospective “standard care” control group. On
average, patients were ready for theater 2 days earlier.

Ankle fractures are common injuries with a substantial number
requiring fixation. Operating in the presence of edema can result in
suboptimal soft tissue conditions leading to wound problems. Sur-
geons often delay surgery to allow edema to resolve with a resultant
increase in the length of hospital stay and cost to the health care
system.19,20 In settings where ankle fractures are managed as out-
patients after a 7 to 10 day delay, the device can potentially reduce
that delay, with the additional benefit of reducing the risk of deep
vein thrombosis,21 and earlier return to work. The NMES device is
an adjunct to allow early resolution of soft tissue edema that may
consequently help to minimize delays to surgery. In this study,
patients treated with NMES were ready for surgery 2 days earlier
when compared with a matched historical cohort. However, the
overall time to fixation in both groups was similar. There are a
number of reasons that may explain this finding. First, the time
periods in which data on the 2 groups were collected were different.
The control group coincided with the early development of the local
trauma network, whereas the NMES group occurred once this had
been established and came during a period when referrals into the
trauma service had increased without an associated expansion in a
service capacity. This meant that routine trauma such as ankle
fracture fixations were on average waiting longer for surgery because
of the clinical prioritization of other fracture types. Delays to surgery
were observed even when patients were deemed “ready” because of
the competing interests of major trauma cases, hip fractures, and long
bone fractures that are all associated with best practice guidelines
relating to timing of surgery.22

NMES is not the only modality that can influence postinjury
swelling. A recent systematic review of established treatment
strategies included only 5 comparative studies of which only 1
showed a reduction in time to surgery with the use of either
AVFP or IPC devices.7 Overall compliance with treatment and
the patient’s tolerability were globally poor. Application of AVFP
and IPCs can be time consuming and can require specialist
equipment such as compressor pumps that are noisy and restrict
patients to their bed space. Their application is frequently delayed
because of availability of trained staff, equipment, and require-
ment for patients to be admitted into a hospital bed. In contrast,
NMES can be easily applied as soon as the patients’ fracture is
stabilized in a backslab. It can be worn 24 hours a day, it does not
restrict the patient and could therefore be used out of the hospital.
In this situation, patients could be managed at home using NMES
to reduce edema before readmission for “day case” surgery. This
has the dual advantage of reducing inpatient bed demands and
allowing the time of surgery to be planned. In the current study,
the NMES device was well tolerated by almost all participants
and only 1 patient developed a reaction to the device in the form
of a heat rash.

This work was designed as a pilot feasibility study. It was
restricted to a small group of patients to ensure compliance, tol-
erability, and clinical benefit before a larger study is undertaken.
We were able to recruit 20 participants within the 6 months and
> 90% of patients approached to participate consented to their
involvement. Despite the nature of the study and the number of
participants recruited, the size effect observed for the “readiness
to theater” outcome was so large that we were able to demonstrate
a significant difference between the groups.

We accept that there are a number of limitations to this
work. Inferences made from the study are limited by its design
with data collected during 2 different periods of time during
which service demand and capacity significantly differed. This
is reflected in the difference between the patient being “ready for
surgery” earlier, but frustratingly, not progressing to the oper-
ating theater at that point. The study design was primarily
chosen to assess the feasibility of recruitment alongside device
safety and tolerability. A prospective randomized controlled trial
would have allowed a more robust comparison between the
intervention and control groups while limiting the effects of
confounders and bias in this pilot. Furthermore, the use of
“readiness” for theater as an outcome measure is limited by its
subjective nature. There is a risk of selection bias if the treating
surgeon is aware that the patient is wearing an NMES device as
was the case in this study.

Measurement of swelling and its perceived impact is a
challenge in the acute management of ankle fractures. There is
currently no “gold-standard” method to quantify edema in
patients with a lower limb fracture stabilized in a plaster. Sur-
geons rely on subjective assessments such as skin wrinkling,
decreased tension of the edematous skin, and resolution of blis-
ters. More objective markers of edema are difficult to implement
in this patient population. Circumferential ankle/calf measurement
figure of 8 measurements and water displacement are difficult
when the leg is supported by a plaster cast unless tape measures
are placed within the cast before the application or the cast is
removed.23,24 This is difficult to achieve either because the
orthopedic team only becomes aware of the patient once initial
reduction and stabilization have been achieved within the emer-
gency department or removal of the cast risks loss of fracture
reduction.

This pilot study has established the safe use of the NMES
device in perioperative ankle fracture management. There was
an improvement in the time to be “ready for theater” because of
edema resolution. Patient compliance with the device was good
and it was well tolerated. Within the limitations discussed
above, the NMES device can be safely used in ankle fracture
patients in which soft tissue swelling does not allow immediate
surgery or if this is not possible because of other factors such as
theater availability. In the United States, the device costs (in the
region of US$21 per pair) are covered within a Diagnostic-
Related Group (DRG) payment for an ankle fracture. Should
the finding of reduced time for “readiness for theater” be con-
firmed in a further prospective randomized controlled trial,
NMES could potentially deliver significant clinical and eco-
nomic benefits to the patient and their health care team.
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