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Abstract

In shoulder arthroplasty, patients often receive post-
operative blood transfusions. Studies of predictors of
allogeneic blood transfusion (ABT) in these patients
have been limited by sample size.

We conducted a study to identify predictors of
ABT in patients undergoing shoulder arthroplasty and
to evaluate the effect of ABT on postoperative out-
comes, including inpatient mortality, adverse events,
prolonged hospital stay, and nonroutine discharge.
Using the Nationwide Inpatient Sample, we stratified an
estimated 422,371 patients who presented for shoulder
arthroplasty between January 1, 2002, and December
31, 2011, into total shoulder arthroplasty (59.3%) and
hemiarthroplasty (40.7%) cohorts, and then subdivided
these cohorts into patients who received blood trans-
fusions and those who did not.

Patients who received ABTs were older, female, and
nonwhite and had Medicare or Medicaid insurance.
Many had a primary diagnosis of proximal humerus
fracture. Those who received ABT were more likely to
experience adverse events or a prolonged hospital stay
and were more often discharged to a nursing home
or an extended-care facility. The 5 most significant
predictors of ABT in a population of 422,371 patients
who underwent shoulder arthroplasty were fracture,
fracture nonunion, deficiency anemia, coagulopathy,
and avascular necrosis.

Given these findings, it is important to identify at-
risk patients before surgery in order to provide educa-
tion and minimize risk.

receive postoperative blood transfusions; rates range from
7% to 43%."¢ Allogeneic blood transfusions (ABTs) are
costly and not entirely free of risks.” The risk for infection has
decreased because of improved screening and risk reduction
strategies, but there are still significant risks associated with

I n shoulder arthroplasty, it is not uncommon for patients to

ABTs, such as clerical errors, acute and delayed hemolytic
reactions, graft-versus-host reactions, transfusion-related acute
lung injury, and anaphylaxis.*'® As use of shoulder arthroplasty
continues to increase, the importance of minimizing
unnecessary transfusions is growing as well.”

Predictive factors for ABT have been explored in other
orthopedic settings, yet little has been done in shoulder
arthroplasty."*!"** Previous shoulder arthroplasty studies
have shown that low preoperative hemoglobin (Hb) levels are
independent risk factors for postoperative blood transfusion.
However, there is debate over the significance of other variables,
such as procedure type, age, sex, and medical comorbidities.
Further, prior studies were limited by relatively small samples
from single institutions; the largest series included fewer than
600 patients."®

We conducted a study to determine predictors of ABT in a
large cohort of patients admitted to US hospitals for shoulder
arthroplasty. We also wanted to evaluate the effect of ABT on
postoperative outcomes, including inpatient mortality, adverse
events, prolonged hospital stay, and nonroutine discharge.
According to the null hypothesis, in shoulder arthroplasty
there will be no difference in risk factors between patients
who require ABT and those who did not, after accounting for
confounding variables.

Materials and Methods
This study was exempt from institutional review board
approval, as all data were appropriately deidentified before use
in this project. We used the Nationwide Inpatient Sample (NIS)
to retrospectively study the period 2002-2011, from which all
demographic, clinical, and resource use data were derived."
NIS, an annual survey conducted by the Agency for Healthcare
Research and Quality (AHRQ) since 1988, has generated a
huge amount of data, forming the largest all-payer inpatient
care database in the United States. Yearly samples contain
discharge data from about 8 million hospital stays at more than
1000 hospitals across 46 states, approximating a 20% random
sample of all hospital discharges at participating institutions.”
These data are then weighted to generate statistically valid
national estimates.

The NIS database uses International Classification of Diseases,

Authors’ Disclosure Statement: The authors report no actual or potential conflict of interest in relation to this article.

E486

The American Journal of Orthopedics® December 2015

www.amjorthopedics.com



Ninth Edition, Clinical Modification (ICD-9-CM) codes to identify
15 medical diagnoses up to the year 2008 and a maximum
of 25 medical diagnoses and 15 procedures thereafter. In
addition, the database includes information on patient and
hospital characteristics as well as inpatient outcomes such as
length of stay, total hospitalization charges, and discharge
disposition.'®"” Given its large sample size and data volume,
NIS is a powerful tool in the analysis of data associated with a
multitude of medical diagnoses and procedures.”

We used the NIS database to study a population of 422,371
patients (age, >18 years) who underwent total shoulder
arthroplasty (TSA) or hemiarthroplasty (HSA) between 2002
and 2011. ICD-9-CM procedure codes for TSA (81.80, 81.88)
and HSA (81.81) were used to identify this population. We
also analyzed data for reverse TSA for the year 2011. Then we
divided our target population into 2 different cohorts: patients
who did not receive any blood transfusion products and
patients who received a transfusion of allogeneic packed cells
(ICD-9-CM code 99.04 was used to identify the latter cohort).

In this study, normal distribution of the dataset was
assumed, given the large sample size. The 2 cohorts were
evaluated through bivariate analysis using the Pearson y” test
for categorical data and the independent-samples t test for
continuous data. The extent to which diagnosis, age, race, sex,
and medical comorbidities were predictive of blood transfusion
after TSA or HSA was evaluated through multivariate binary
logistic regression analysis. Statistical significance was set at
P < .05. All statistical analyses and data modeling were
performed with SPSS Version 22.0.
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Results

Using the NIS database, we stratified an estimated 422,371
patients who presented for shoulder arthroplasty between
January 1, 2002, and December 31, 2011, into a TSA cohort
(59.3%) and an HSA cohort (40.7%). Eight percent (33,889) of
all patients received an ABT; the proportion of patients who
received ABT was higher (P < .001) for the HSA cohort (55.6%)
than the TSA cohort (39.4%). Further, the rate of ABT after
shoulder arthroplasty showed an upward inclination (Figure).

Demographically, patients who received ABT tended
(P < .001) to be older (74%11 years vs 68%11 years) and of
a minority race (black or Hispanic) and to fall in either the
lowest range of median household income (21.5% vs 20.7%;
<$38,999) or the highest (27.3% vs 25.4%; =$63,000). Shoul-
der arthroplasty with ABT occurred more often (P < .001) at
hospitals that were urban (13.3% vs 11.3%), medium in size
(27.3% vs 23.4%), and nonteaching (56.2% vs 54.3%). In ad-
dition, ABT was used more often (P < .001) in patients with
a primary diagnosis of fracture (43.1% vs 14.3%) or fracture
nonunion (4.4% vs 2.1%). These groups also had a longer
(P < .001) hospital stay (5.0%4.3 days vs 2.5%2.2 days).
Table 1 summarizes these findings.

The 2 cohorts were then analyzed for presence of medical
comorbidities (Table 2). Patients who required ABT during
shoulder arthroplasty had a significantly (P < .001) higher
prevalence of congestive heart failure, chronic lung disease,
hypertension, uncomplicated and complicated diabetes
mellitus, liver disease, renal failure, fluid and electrolyte
disorders, pulmonary circulatory disease, weight loss,
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Figure. Popularity of blood transfusion for shoulder arthroplasty from 2002 to 2011.
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coagulopathy, and deficiency anemia.

In multivariate regression modeling (Table 3), demographic
predictors of ABT (P < .001) included increasing age (odds

ratio [OR], 1.03 per year; 95% confidence interval
[95% CI], 1.03-1.03), female sex (OR, 1.55; 95% CI,
1.51-1.60), and minority race (black or Hispanic).
Odds of requiring ABT were higher for patients with
Medicare (OR, 1.25; 95% CI, 1.20-1.30) and patients
with Medicaid (OR, 1.63; 95% CI, 1.51-1.77) than for
patients with private insurance.

ABT was more likely to be required (P <.001) in
patients with a primary diagnosis of fracture (OR,
4.49; 95% CI, 4.34-4.65), avascular necrosis (OR,
2.06; 95% CI, 1.91-2.22), rheumatoid arthritis (OR,
1.91; 95% CI, 1.72-2.12), fracture nonunion (OR,
3.55; 95% CI, 3.33-3.79), or rotator cuff arthropathy
(OR, 1.47; 95% CI, 1.41-1.54) than for patients with
osteoarthritis. Moreover, compared with patients
having HSA, patients having TSA were more likely to
require ABT (OR, 1.20; 95% CI, 1.17-1.24). According
to the analysis restricted to the year 2011, compared
with patients having anatomical TSAs, patients having
reverse TSAs were 1.6 times more likely (P <.001) to
require ABT (OR, 1.63; 95% CI, 1.50-1.79).

With the exception of obesity, all comorbidities
were significant (P < .001) independent predictors
of ABT after shoulder arthroplasty: deficiency
anemia (OR, 3.42; 95% CI, 3.32-3.52), coagulopathy
(OR, 2.54; 95% CI, 2.36-2.73), fluid and electrolyte
disorders (OR, 1.91; 95% CI, 1.84-1.97), and weight
loss (OR, 1.78; 95% CI, 1.58-2.00).

Patients who received ABT were more likely to
experience adverse events (OR, 1.74; 95% CI, 1.68-
1.81), prolonged hospital stay (OR, 3.21; 95% CI,
3.12-3.30), and nonroutine discharge (OR, 1.77; 95%
CI, 1.72-1.82) (Table 4). There was no difference in
mortality between the 2 cohorts.

Discussion
There is an abundance of literature on blood
transfusions in hip and knee arthroplasty, but there
are few articles on ABT in shoulder arthroplasty,
and they all report data from single institutions with
relatively low caseloads.">!""#12! I the present study,
we investigated ABT in shoulder arthroplasty from
the perspective of a multi-institutional database with
a caseload of more than 400,000. Given the rapidly
increasing rates of shoulder arthroplasty, it is important
to further examine this issue to minimize unnecessary
blood transfusion and its associated risks and costs.”
We found that 8% of patients who had shoulder
arthroplasty received ABT, which is consistent with
previously reported transfusion rates (range, 7%-
43%)."° Rates of ABT after shoulder arthroplasty have
continued to rise. The exception, a decrease during
the year 2010, can be explained by increased efforts to
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more rigidly follow transfusion indication guidelines to reduce

the number of potentially unnecessary ABTs.?'*** Our study
also identified numerous significant independent predictors of

Table 1. Demographic and Hospital Characteristics
in Transfused and Nontransfused Patients?®

Characteristic

Patients

All

Nontransfused Transfused

Weighted N (%)

422,371 (100)

Age group, %
<45y
45-64y
65-84y
>85y

Sex, %
Female
Male

Hispanic
Other

Household income, %
$1-$38,999
$39,000-$47,999
$48,000-$62,999
>$63,000

Insurance status, %
Medicare
Medicaid
Private
Other

Primary diagnosis, %
Osteoarthrosis
Proximal humerus fracture
Avascular necrosis
Rheumatoid arthritis
Nonunion of humerus fracture
Rotator cuff arthropathy
Other

Hospital size, %
Small
Medium

Hospital teaching status, %
Nonteaching
Teaching

Hospital location, %
Urban
Rural

Type of arthroplasty, %
Total
Partial

Mean (SD) length of stay, d

338,482 (92.0) 33,889 (8.0)
68 (11) 74 (1)
31 1.4
30 17.0
34.4 26.3
32.5 55.3
58.7 78.8
M3 21.2
921 89.3
3.0 3.7
27 4.3
21 27
207 215
271 26.9
26.8 24.3
25.4 27.3
651 79.8
26 27
274 14.0
4.9 3.4
64.0 31.2
14.3 431
3.5 27
1.4 1.2
21 4.4
10.1 8.3
47 91
15.3 12.4
23.4 27.3
61.3 60.3
54.3 56.2
457 438
1.3 13.3
88.7 86.7
60.6 44.4
39.4 55.6
25(2.2) 5.0 (4.3)

2All Ps < .001.
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ABT in shoulder arthroplasty: age, sex, race, insurance status,
procedure type, primary diagnoses, and multiple medical
comorbidities.

Demographics

According to our analysis, more than 80% of patients who
received ABT were over age 65 years, which aligns with what
several other studies have demonstrated: Increasing age is a
predictor of ABT, despite higher rates of comorbidities and lower
preoperative Hb levels in this population.'***2**” Consistent
with previous work, female sex was predictive of ABT.>® It has
been suggested that females are more likely predisposed to ABT
because of lower preoperative Hb and smaller blood mass.>**
Interestingly, our study showed a higher likelihood of ABT in
both black and Hispanic populations. Further, patients with
Medicare or Medicaid were more likely to receive ABT.

Primary Diagnosis

Although patients with a primary diagnosis of osteoarthritis
constitute the majority of patients who undergo shoulder
arthroplasty, our analysis showed that patients with a diagnosis
of proximal humerus fracture were more likely to receive ABT.
This finding is reasonable given studies showing the high
prevalence of proximal humerus fractures in elderly women.*°
Similarly, patients with a humerus fracture nonunion were more
likely to receive a blood transfusion, which is unsurprising
given the increased complexity associated with arthroplasty
in this predominately elderly population.’ Interestingly,

Table 2. Comorbidities in Transfused and
Nontransfused Patients

Patients
Comorbidity, % All Nontransfused Transfused
Congestive heart failure 4.0 3.5 9.9
Chronic lung disease 166 63 203
Hypertensmnng ............. 625 ................ 6 83 .......
Uncomplicated 74 7 218
diabetes mellitus
Complicated diabetes 16 5 35
mellitus
|_|Verd,sease1o .............. o 9 ................. 20 .......
Obesnya ..................... 103 ............. 104 ................ 9 o .......
.R. ena| f a| |ure ................. 3 3 .............. 2 9 ................. 8 8 .......
Flidand electiolyte 69 57 99
disorders
Pumonary circulaiory 09 | o8 22
disease
Welgh“oss .................. 04 .............. o 315 .......
Coagmopathy13 .............. 10 ................. 42 .......
.D. ef|C|enCy anemla .......... 92 .............. 73 ................. 3 0 9 .......

2P = 680; all other Ps < .001.
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compared with patients with osteoarthritis, patients with any
one of the other primary diagnoses were more likely to require
a transfusion—proximal humerus fracture being the most
significant, followed by humerus fracture nonunion, avascular
necrosis, theumatoid arthritis, and rotator cuff arthropathy.

Type of Arthroplasty

Bivariate analysis revealed that 55.6% of the patients who
received ABT underwent HSA; the other 44.4% underwent
TSA. The effect of primary diagnosis on procedure choice
likely played a role in this finding. HSA indications include
humerus fracture, which has been associated with increased

Table 3. Multivariate Logistic Regression Model
of Predictors of Allogeneic Blood Transfusion for
Shoulder Arthroplasty?

95% ClI
Predictor OR Lower Upper
Age, per 1-year increase 1.08 1.03 1.03
Female sex (reference: male) 1.55 1.51 1.60
Race (reference: white)
Black 1.57 1.47 1.68
Hispanic 1.37 1.29 1.46
Other 1.27 1.18 1.37
Insurance status (reference: private insurance)
Medicare 1.25 1.20 1.30
Medicaid 1.63 1.51 177
Other 115 1.07 1.23
Total shoulder arthroplasty (reference: hemiarthroplasty)
1.20 117 1.24
Comorbidity (reference: absence of disease)
Congestive heart failure 1.63 1.56 1.71
Chronic lung disease 1.16 112 1.19
Hypertension® 0.98 0.95 1.01
Uncomplicated diabetes mellitus 11 1.07 114
Complicated diabetes mellitus 1.37 1.28 1.48
Liver disease 1.66 1.51 1.82
Obesity 0.86 0.82 0.89
Renal failure 1.61 1.53 1.69
Fluid and electrolyte disorders 1.91 1.84 1.97
Pulmonary circulatory disease 1.23 1.12 1.35
Weight loss 1.78 1.58 2.00
Coagulopathy 2.54 2.36 2.73
Deficiency anemia 3.42 3.32 3.52
Primary diagnosis (reference: osteoarthrosis)
Proximal humerus fracture 4.49 4.34 4.65
Avascular necrosis 2.06 1.91 2.22
Rheumatoid arthritis 1.91 1.72 212
Nonunion of humerus fracture 3.55 3.33 3.79
Rotator cuff arthropathy 1.47 1.41 1.54
Other 3.70 3.53 3.87

Abbreviations: Cl, confidence interval; OR, odds ratio.
#Model fit: area under the ROC curve = 0.81 (95% Cl, 0.81-0.82); Nagelkerke R? = 0.21.
°P = 132; all other Ps < .001. Statistical significance set at P < .05.
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ABT, whereas patients with osteoarthritis requiring TSA are
significantly less likely to require ABT, as reflected in this
analysis.”****Previous studies have failed to show a difference in
blood transfusion rates between TSA and HSA.>*%* Conversely,
with confounding factors controlled for, multivariate logistic
regression analysis showed that TSA was 1.2 times more likely
than HSA to require ABT, which could be explained by the
increased operative time, case complexity, and blood loss that
may be associated with the glenoid exposure.***” With analysis
restricted to the year 2011, patients with reverse TSAs were 1.6
times more likely than patients with anatomical TSAs to receive
a blood transfusion (OR, 1.63; 95% CI, 1.50-1.79). Although
this finding differs from what was previously reported, it fits
given that patients having reverse TSAs are often older and
may present with a more significant comorbidity profile.® In
addition, there are the increased technical surgical aspects
associated with “salvage surgery” for challenging indications
such as cuff arthropathy and failed previous arthroplasty.***

Medical Comorbidities

Patients who received ABT were more likely to present with
numerous medical comorbidities. Previous studies have
indicated that the presence of multiple medical comorbidities
significantly increased blood transfusion rates, possibly by
working synergistically.** All studies of blood transfusion in
shoulder arthroplasty concluded thatlower preoperative Hb was
an independent predictor."® Schumer and colleagues* reported
a 4-fold increase in likelihood of blood transfusion in patients
with a preoperative Hb level less than 12.5 g/dL. In addition,
Millett and colleagues® showed a 20-fold increase in likelihood
of transfusion in patients with a preoperative Hb level less
than 11.0 g/dL compared with patients with a level higher
than 13.0 g/dL. Patients with a Hb level between 11.0 and 13.0
g/dL showed a 5-fold increase in likelihood of transfusion.®
We should note that correction of preoperative anemia
through various pharmacologic methods (eg, erythropoietin,
intravenous iron supplementation) has been shown to decrease
postoperative transfusion rates.**** Although we could not
include preoperative Hb levels in the present study, given
inherent limitations in using NIS, our multivariate analysis
showed that preoperative deficiency anemia and coagulopathy

Table 4. Risk-Adjusted Multivariate Analysis:
Is Blood Transfusion Associated With Worse
Inpatient Outcomes?

Outcome Transfusion OR? (95% ClI) P
Adverse events® 1.74 (1.68-1.81) <.001
Morta“ty 119(098146) ............. 087
Prolonged hospital stay 321312830 <001
Nonroutine discharge - 17707218 <001

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Adjusted for age, sex, comorbidities, insurance status, race, household income, primary
diagnosis, type of arthroplasty, and hospital size, teaching status, and location.

°Included myocardial infarction, pulmonary embolism, stroke, acute kidney failure, pneumo-
nia, surgical site infection, urinary tract infection, deep venous thrombosis, and pulmonary
insufficiency.
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were the most significant predictors of ABT.

In addition, the multivariate logistic regression model
showed that both cardiac disease and diabetes were independent
predictors of ABT, confirming data reported by Ahmadi and
colleagues.! Although not as well characterized in other studies,
in the current analysis multiple other medical comorbidities,
including fluid and electrolyte abnormalities, weight loss, liver
disease, renal failure, and chronic lung disease, had significant
predictive value. Contrarily, obesity significantly decreased the
odds of ABT, likely because of higher baseline blood volume
in obese patients.

Patient Outcomes

Patients who undergo shoulder arthroplasty with ABT are more
likely to experience adverse events or a prolonged hospital
stay and are more often discharged to a nursing home or an
extended-care facility. In this population, however, deaths did
not occur at a significantly higher rate—similar to what was
found for patients who underwent hip or knee arthroplasty
with blood transfusions.*

Little has been done to investigate the effect of pharmacologic
agents on the need for perioperative ABT for orthopedic
shoulder procedures. Aprotinin, tranexamic acid, epoetin-a,
and aminocaproic acid have all been effective in limiting ABT
during the perioperative period in various orthopedic hip,
knee, and spine procedures.”**** Given the increased morbidity
associated with ABT, it may be beneficial to use similar methods
to limit blood loss in high-risk patients undergoing shoulder
arthroplasty.

Study Limitations

NIS has intrinsic limitations. Given its massive volume, it
is subject to errors in both data entry and clinical coding.
Moreover, the database lacks data that would have been useful
in our study: preoperative Hb levels, intraoperative course,
number of units transfused, total blood loss, use of blood
conservation techniques, transfusion protocols, and severity
of comorbidities. Reverse TSA was given a unique ICD-9-CM
code in October 2010, so 2011 was the only year we were
able to examine the relationship between reverse TSA and
transfusions. Further, our analysis was unable to identify any
medications, including chronic anticoagulants or postoperative
prophylaxis, that have been shown to significantly affect blood
transfusion rates.** Yet, there are obvious advantages to using
the NIS database, as previously outlined across the medical
landscape.

Conclusion

Our results confirmed previous findings and identified new
predictors of ABT in shoulder arthroplasty in a large cohort.
We examined demographics and perioperative complications
while identifying predictors of ABT use. Patients who received
ABT were older, female, and nonwhite and were covered by
Medicare or Medicaid insurance, and many had a primary
diagnosis of proximal humerus fracture. The ABT cohort
had numerous medical comorbidities, including deficiency

www.amjorthopedics.com



anemia and coagulopathy. Identifying this patient population
is a prerequisite to educating patients while minimizing
unnecessary risks and costs.

Using NIS data on a population of 422,371 patients who
underwent shoulder arthroplasty, we identified the 5 likeliest
predictors of ABT: fracture, fracture nonunion, deficiency
anemia, coagulopathy, and avascular necrosis. Of the identified
variables associated with ABT, deficiency anemia may be the
most amenable to treatment; therefore, there may be benefit
in delaying elective shoulder arthroplasty in this cohort. Given
these findings, it is important to identify at-risk patients before
surgery, with the intent to provide education and minimize risk.
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