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Abstract
Background: To evaluate the predictors, outcomes and resource utilization of total knee arthroplasty
(TKA) in calcium pyrophosphate deposition disease (CPPD) patients.

Methods: We used the US National Inpatient Sample database to identify CPPD and non-CPPD who
underwent TKA from 2006 to 2014. Data collection included patient demographics and comorbidities.
Outcomes following TKA included in-hospital mortality, complications, length of hospitalization, hospital
charges, and disposition.

Results: Among the 5,564,005 patients who have undergone TKA, 11529 (0.20%) had CPPD, with a
median age of 72 years and 53.7% were females. Compared with non-CPPD, patients with CPPD were
more likely to be older (mean: 72 vs 66 years; p<0.001), male, white, and have Medicare insurance. CPPD
patients were more likely to have ≥ 2 comorbidities calculated by the Charlson comorbidity index and
discharge to an inpatient/rehabilitation facility. Regarding inpatient complications, myocardial infarction
and knee reoperation were signi�cantly more common in CPPD patients. TKA in CPPD patients was
associated with signi�cantly higher odds of increased length of stay (>3 days) than those without CPPD
(OR 1.43, 95% CI 1.37-1.49). There was no signi�cant difference in the in-hospital mortality.

Conclusions: CPPD patients who underwent TKA were more likely to have a longer hospital stay and
discharge to a non-home setting than non-CPPD. Also, CPPD patients had a higher comorbidity burden,
and greater risk for myocardial infarction and need for reoperation.

Background
Calcium pyrophosphate deposition (CPPD) disease is a common crystal-induced arthropathy,
characterized by the deposition of calcium pyrophosphate crystals (CPP) in the articular and periarticular
tissues, that might lead to in�ammatory arthritis, joint damage, impairment, and disability [1].
Chondrocalcinosis, de�ned as calci�cation of the cartilage, is a common radiographic �nding in patients
with CPPD can be associated with symptoms of arthritis or can be asymptomatic [2, 3]. The estimated
prevalence of CPPD is unknown; however, the prevalence of chondrocalcinosis ranges from 7‐10% and
often affects older patients [2–4]. Advance age remains the most common risk factor for the
development of CPPD, followed by several metabolic conditions, including hyperparathyroidism,
hypomagnesemia, hemochromatosis and hypophosphatasia [5].

CPPD may mimic any rheumatic disease with the following clinical presentations: an asymptomatic
form, acute calcium pyrophosphate dihydrate (CPP) crystal arthritis, which is characterized by episodes
of monoarthritis, chronic CPP crystal arthritis affecting multiple joints and osteoarthritis associated with
CPPD [6]. Management includes physical therapy, colchicine, NSAIDs, glucocorticoids, and in patients
with severe knee pain due to destruction of cartilage, total knee arthroplasty (TKA) is an effective and
safe procedure [7].
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In the United States, approximately 600,000 TKA are performed each year, and there are scant data on
TKA in CPPD patients. A previous study demonstrated that 20% of patients who underwent TKA were
found to have CPP or basic calcium phosphate crystals in the synovial �uid [8]. A cross-sectional study
using the Veterans Affairs database showed that knee arthroplasties were more common in the CPPD
cohort compared with the control group (12.2% vs. 6.7%) even after controlling for the presence of
osteoarthritis in the multivariate model (OR 1.64; 95% CI, 1.53- 1.76) [9]. A retrospective cohort study of
patients with end-stage osteoarthritis undergoing TKA, showed no difference in regard to pain,
functionality and postoperative complications between patients with and without chondrocalcinosis [10].

To date, there are few studies evaluating the clinical outcomes and health care burden of patients with
CPPD disease treated with TKA. The aim of this study was to determine the patient characteristics,
predictors, in-hospital mortality, complications, and resource utilization following TKA in patients with
and without CPPD.

Methods
This a cross-sectional study conducted analyzing data from the National Inpatient Sample (NIS)
Database from 2006-2014. NIS is a part of the Healthcare Cost and Utilization Project (HCUP) by the
Agency for Healthcare Research and Quality [11]. The NIS is the largest all-payer inpatient database in the
USA, with recorded de-identi�ed data of more than 7 million hospitalizations annually, and it
approximates a 20% strati�ed sample of all US hospital discharges. Data recorded include the discharge
diagnosis, comorbid conditions, procedures, length of stay, total hospital costs, and outcomes measures.

International Classi�cation of Diseases code, ninth revision (ICD-9) was used to identify all patients who
underwent TKA (V43.65) from 2006-2014, and of those we scrutinized the ICD‐9 codes de�ning CPPD
(275.49 and 712.1–39). A previous study demonstrated the use of the aforementioned codes have a
positive predictive value of 91% to identify CPPD patients; therefore, it is a reliable method to identify
clinical de�nitive or probable CPPD [12]. Therefore, we included all patients who had TKA, with and
without CPPD.

Data collection included patient demographics, such as age, gender, ethnicity, insurance, median
household income for patient’s zip code. Information regarding the hospitals included the region
(Northeast, Midwest, South, West), bed size and location (rural, urban or other). Comorbidities such as
diabetes, chronic liver and renal disease, obesity, osteoarthritis, rheumatoid arthritis, gout, avascular
necrosis, hemochromatosis, hyperparathyroidism, hypomagnesemia, hypophosphatasia and history
smoking were identi�ed using the ICD-9 codes. A validated tool to predict mortality in patients with
comorbidities, the Deyo adaptation of the Charlson comorbidity index, was used [13].

Demographic factors summarized include age, gender, race, insurance type, comorbidities, and discharge
disposition along with hospital features. The primary outcomes assessed were in-hospital mortality of
CPPD patients undergoing TKA, the length of hospital stay, and total hospital charges. Secondary
outcomes included Charlson comorbidity index, postoperative complications such as surgical site
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infections, blood loss and need for transfusion, reoperation, thromboembolism, myocardial infarction,
popliteal artery injury, peroneal nerve palsy. The postoperative course includes discharge to home (with or
without home care) versus other facilities such as rehabilitation units, skilled nursing facilities, short,
intermediate and long-term care facility or hospital. All the outcomes were compared with a cohort of
non-CPPD patients who underwent TKA. Very few variables had missing values leading to less than the
total number of patients summarized.

Statistical analysis
We evaluated the association between each of categorical factors with CPPD vs non-CPPD groups using
χ2 tests. Some continuous variables were dichotomized (e.g., length of hospital stay above and below the
median of 3 days) for effective presentation. Some of the patient features as well as in-hospital
complication measures were continuous variables, which were compared using Wilcoxon rank sum test.
A p-value <0.05 was regarded as statistically signi�cant. We have also presented odds ratio (and 95%
con�dence intervals) for death among total knee replacement patients with and without CPPD as the
most severe outcome. Further, we examined the proportion of TKA per year in CPPD patients compared
with the non-CPPD Using Cochran-Armitage trend test. Statistical analyses were conducted using SAS
(Version 9.4, www.sas.com)

Results
Patient characteristics with and without CPPD who underwent TKA are presented in detail in Table 1.
Among the 5,564,005 (adjusted for sampling weight) ΤΚΑ patients, 11,529 (0.20%) had CPPD, with a
mean age of 72 years, 53.7% were females, and 73.1% were white. Compared with non-CPPD patients,
those with CPPD patients were signi�cantly older (median age 72 vs 66 years old, p < 0.001), and 18.8%
were above the age of 80 versus 9.7 % in the non-CPPD (p <0.001). Additionally, CPPD patients were more
likely to be male (p<0.001), white (p<0.001) and have Medicare insurance (p<0.001). TKA in CPPD
patients was more often performed in a large hospital (based on the number of beds, p<0.001), located in
the Western US (p<0.001), and patients were more likely to live in the highest household income category
(76-100th percentile) (27.9% vs 23.8%; p < 0.001, Table 1).

http://www.sas.com/
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Table 1
General characteristics of patients with and without CPDD who underwent total knee arthroplasty from

2006 to 2014.
Variables All patients

N= 5,564,005

No CPDD

N=5,552,476

CPDD

N= 11,529

P-
value

Age, mean ± SD year, median 66.1 ±22.73,
66.00

66.09 ±22.73,
66.00

70.34
±22.27, 72

<0.001

Age group (%)       <0.001

Age less than 50 295251 294,967 (5.31) 284 (2.46)  

Age 50-64 2096374 2,093,550
(37.7)

2,824
(24.49)

 

Age 65-79 2631492 2,625,243
(47.28)

6,249 (54.2)  

Age above than 80 540888 538,716 (9.7) 2,172
(18.84)

 

Gender, n (%)       <0.001

Male 2068722 2,063,394
(37.16)

5,328
(46.21)

 

Female 3486076 3,479,875
(62.67)

6,201
(53.79)

 

Race       <0.001

White 3927344 3,918,915
(70.58)

8,429
(73.11)

 

Black 350986 350,543 (6.31) 442 (3.83)  

Hispanic 252844 252,318 (4.54) 526 (4.56)  

Asian or Paci�c Islander 59022 58,936 (1.06) 86 (0.75)  

Native American 23402 23,363 (0.42) 39 (0.34)  

Other 106253 106,042 (1.91) 211 (1.83)  

Primary payer (6 categories)       <0.001

Medicare 3056686 3,048,844
(54.91)

7,842
(68.02)

 

Medicaid 163462 163,261 (2.94) 200 (1.73)  

*All others include transfer to nursing facility, rehabilitation facility and short, intermediate, long-term
care hospital or facility, hospice medical facility, against medical advice, federal health facility. CCI:
Charlson Comorbidity Index.
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Variables All patients

N= 5,564,005

No CPDD

N=5,552,476

CPDD

N= 11,529

P-
value

Private insurance 2118451 2,115,295
(38.1)

3,156
(27.37)

 

Self-pay 24615 24,576 (0.44) 39 (0.34)  

No charge 4631 4,631 (0.08) 0 (0)  

Other 184018 183,756 (3.31) 262 (2.27)  

Median Household Income for
Patient's ZIP Code

      <0.001

0-25th percentile 1210163 1,208,030
(21.76)

2,133 (18.5)  

26th to 50th percentile 1481018 1,477,920
(26.62)

3,098
(26.87)

 

51st to 75th percentile 1447852 1,444,921
(26.02)

2,931
(25.42)

 

76th to 100th percentile 1327122 1,323,905
(23.84)

3,217 (27.9)  

Hospital region       <0.001

Northeast 934474 932,503
(16.79)

1,971 (17.1)  

Midwest 1534285 1,531,040
(27.57)

3,245
(28.15)

 

South 2030583 2,027,270
(36.51)

3,313
(28.74)

 

West 1064662 1,061,662
(19.12)

3,000
(26.02)

 

Hospital location       0.026

Rural 443187 442,176 (7.96) 1,011 (8.77)  

Urban 3124309 3,117,698
(56.15)

6,611
(57.34)

 

Other/missing 1996509 1,992,601
(35.89)

3,908 (33.9)  

Hospital bed size       <0.001

*All others include transfer to nursing facility, rehabilitation facility and short, intermediate, long-term
care hospital or facility, hospice medical facility, against medical advice, federal health facility. CCI:
Charlson Comorbidity Index.
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Variables All patients

N= 5,564,005

No CPDD

N=5,552,476

CPDD

N= 11,529

P-
value

Small 1066647 1,064,733
(19.18)

1,915
(16.61)

 

Medium 1449112 1,446,216
(26.05)

2,896
(25.12)

 

Large 3026431 3,019,736
(54.39)

6,696
(58.08)

 

Unknown/missing 21814 21,791 (0.39) 23 (0.2)  

Comorbidities, underlying diagnosis
(%)

       

Diabetes with and without chronic
complications

1172891 1,170,925
(21.09)

1,966
(17.05)

<0.001

Chronic renal disease 219750 218,945 (3.94) 806 (6.99) <0.001

Coronary artery disease 664,098 662,300
(11.93)

1,798
(15.59)

<0.001

Obesity (BMI >30) 1197789 1,196,112
(21.54)

1,677
(14.55)

<0.001

Osteoarthritis 1123674 1,121,505
(20.2)

2,169
(18.81)

0.0002

Rheumatoid arthritis 188596 188,002 (3.39) 594 (5.15) <0.001

Gout 165796 165,286 (2.98) 510 (4.42) <0.001

Avascular necrosis 34037 33,908 (0.61) 129 (1.12) <0.001

Smoking 991818 989,654
(17.82)

2,165
(18.78)

0.0077

Hemochromatosis 179 179 (0) 0 (0) 0.5420

Hyperparathyroidism 5779 5,768 (0.1) 11 (0.1) 0.7202

Hypomagnesemia 47015 46,864 (0.84) 151 (1.31) <0.001

Hypophosphatasia 2270 2,259 (0.04) 10 (0.09) 0.0089

Charlson comorbidity index (%)       <0.001

0 198275 198,073 (3.57) 202 (1.75)  

*All others include transfer to nursing facility, rehabilitation facility and short, intermediate, long-term
care hospital or facility, hospice medical facility, against medical advice, federal health facility. CCI:
Charlson Comorbidity Index.
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Variables All patients

N= 5,564,005

No CPDD

N=5,552,476

CPDD

N= 11,529

P-
value

1 817624 816,655
(14.71)

969 (8.4)  

≥ 2 4548106 4,537,748
(81.72)

10,358
(89.84)

 

CCI, mean ± SD, median 2.77±3.22,
3.00

2.77±3.22, 3.00 3.3±3.43,
3.00

<0.001

Discharge disposition        

Home (including home health care) 3668590
(65.93)

3661921
(65.95)

6669 (57.85) <0.001

All others * 1891445
(33.99)

1886590
(33.98)

4856 (42.12)

*All others include transfer to nursing facility, rehabilitation facility and short, intermediate, long-term
care hospital or facility, hospice medical facility, against medical advice, federal health facility. CCI:
Charlson Comorbidity Index.

Several coexisting comorbidities were frequently observed among the CPPD patients. Chronic renal
disease was evident in 6.9% of CPPD versus 3.9% in the non-CPPD (p <0.001) and coronary artery
disease in 15.5% compared to 11.9% (p<0.001). Rheumatoid arthritis was present in 5.5% in the CPPD
compared to 3.3% in the non-CPPD (p<0.001), gout in 4.4% versus 2.9% (p<0.001) and avascular necrosis
in 1.1% versus 0.61% (p <0.001). Hypomagnesemia (p < 0.001), hypophosphatasia (p <0.009), and history
of smoking were more common in the CPPD group (p=0.007). Notably, non-CPPD patients were more
likely to have a BMI > 25 than CPPD (p < 0.001).

Further, CPPD patients had more comorbidities based on the Charlson comorbidity index score, with a
mean index of 3.3 compared to 2.7 in the non-CPPD (p<0.001) and a higher proportion of Charlson
comorbidity index score above 2 (89.8% CPPD vs 81.7% non-CPPD; p < 0.001) (Table 1). In addition,
CPPD patients were more likely to be discharged to another care facility rather than home or with home
health care (p<0.01).

There was no signi�cant difference in the in-hospital mortality between the 2 groups, with 5 (0.04%)
deaths of CPPD compared to 3848 (0.07%) in non-CPPD patients (p = 0.29) (Table 2). Among all the TKA
patients, CPPD was not a signi�cant predictor of in-hospital mortality with an OR 0.52 (95% CI: 0.21-1.28)
based on a multivariable model and adjusted for age and other variables.
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Table 2
Outcomes and in-hospital complication of patients with CPPD and without CPPD who underwent total

knee arthroplasty
Variables All

patients

N=
5,564,005

Non- CPDD

N=5,552,476

CPDD

N=11,529

P-
value

Primary Outcomes/Resource utilization        

Length of stay (days), mean ± SD, median 3.27 ±
3.79, 3

3.27 ± 3.79, 3 3.48 ± 3.85, 3 <0.001

Total hospital charges, mean ± SD, median
(US$)

48,976 ±
63,951,

42,332

48,975 ±
63942,
42,332

49,111 ±
59468,
42,332

0.823

Death during hospitalization 3852 3,848 (0.07) 5 (0.04) 0.292

Secondary outcomes/ Post-operative
complications during hospitalization

       

Other post-operative infection

Surgical site infection

8427 8,403 (0.15) 24 (0.21) 0.105

Post-operative shock, septic (Sepsis) 35 35 (0) 0 (0) 0.788

Blood loss and need for transfusions 983 978 (0.02) 4 (0.03) 0.086

Reoperation 2854 2,839 (0.05) 15 (0.13) <0.001

Thromboembolism 3779 3,774 (0.07) 5 (0.04) 0.311

Myocardial infraction 209778 209,148
(3.77)

630 (5.46) <0.001

Popliteal artery injury 240 240 (0) 0 (0) 0.480

Peroneal nerve palsy 864 864 (0.02) 0 (0) 0.181

*All others include transfer to nursing facility, rehabilitation facility and short, intermediate, long-term
care hospital or facility, hospice medical facility, against medical advice, federal health facility.

The mean length of stay among CPPD patients was 3.4 days compared to 3.2 days in the non-CPPD
patients (p <0.001) (Table 2). CPPD patients had signi�cantly higher odds to stay above the median of 3
days based on a multivariable model, adjusted for other comorbidities (OR 1.36; 95% CI: 1.30- 1.42).
Although the mean total hospital charges for TKA in CPPD patients were $49111 compared to $48975 in
the non-CPPD patients, the difference was non-statistically signi�cant (p = 0.82) with similar medians,
indicating small number of CPPD patients have higher total hospital charges (Table 2).
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Regarding in-hospital complications, myocardial infarction was signi�cantly more common in CPPD
patients than non-CPPD (5.4% vs 3.7%, p <0.001), as well as the need for reoperation (0.13% CPPD vs
0.05% non-CPPD, p < 0.0001). No statistically signi�cant difference was observed between the groups in
regard to infections, sepsis, blood loss and need for transfusions, thromboembolism, popliteal artery, and
peroneal nerve injury.

Over the study period, the estimated number of TKA performed in non-CPPD patients gradually increased
from 495504 in 2006 to 679466 in 2014, with the exception of years 2011 and 2012, in which a decrease
number of procedures was noted compared to 2010 (Table 3). No speci�c pattern was observed among
the CPPD patients who underwent TKA.

Table 3
Proportion of total knee arthroplasty (TKA) per year in CPPD patients compared with the non-CPPD

patients from 2006 to 2014
Year Number of TKA in the non-CPPD

patients
Number of TKA in CPPD
patients

Total number of patients
with TKA

2006 495504 (99.70) 1497 (0.30) 497001

2007 550137 (99.80) 1122 (0.20) 551259

2008 615258 (99.78) 1360 (0.22) 616617

2009 619751 (99.79) 1278 (0.21) 621029

2010 657094 (99.81) 1246 (0.19) 658340

2011 643921 (99.82) 1141 (0.18) 645062

2012 630154 (99.82) 1110 (0.18) 631264

2013 661210 (99.80) 1335 (0.20) 662545

2014 679446 (99.79) 1440 (0.21) 680886

*Cochran-Armitage trend test.

Discussion
This is the �rst study that analyzed data collected from the largest inpatient database in the US, and
several observations warrant further discussion. An important �nding was that the in-hospital mortality
rate is low and not different between CPPD and non-CPPD patients; therefore, TKA remains a safe
procedure. Although the total hospital charges were not different between the 2 groups, CPPD patients
had a longer length of stay and were more likely to be discharged to a non-home setting.

TKA is one of the most common orthopedic procedures performed in the US, and in the current study, we
found that CPPD accounts for approximately 0.2% of TKA performed on an annual basis in the US,
comprising a small proportion of total TKA surgeries compared to all other causes. A retrospective study
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utilizing data obtained from a Medicare claims database reported that the most common diagnosis
associated with TKA was osteoarthritis (94%) followed by rheumatoid arthritis (3.6%) and other causes in
2.4%, without commenting if CPPD codes were examined [14]. Given the estimated prevalence of
chondrocalcinosis in the general population is between 4%-7%, and the results of a published study
demonstrating that 20% of randomly selected patients undergoing TKA found to have CPP crystals in
their synovial �uid, it appears CPPD is an underdiagnosed condition and the percentage of TKA related to
CPPD might be higher than those recorded [2, 8].

We also noted that more than two-thirds of patients had Medicare as their primary insurance payer, and
approximately one every �ve CPPD patients were older than 80. This is not a surprising �nding, given the
strong association between aging and CPPD [1, 2]. A small cross-sectional study that evaluated the
characteristics of 53 CPPD patients undergoing TKA and compared them with 48 osteoarthritis patients,
revealed that CPPD patients were older with a mean age of 70.3 versus 67.5 (p=0.037) [15].

Several comorbidities were more frequently observed in TKA patients with CPPD, including the 2 most
common in�ammatory arthritides, rheumatoid arthritis and gout. Similarly, Kleiber et al. analyzed
patients’ data obtained from the Veterans Affairs (VA) database and reported a positive association
between CPPD and gout (OR 2.82), CPPD and RA (OR 1.88) (9). Furthermore, another study examined
4630 synovial �uid specimens for the presence of crystals, and approximately 5% of patients had mixed
crystals, monosodium urate and CPP crystals, indicating the two conditions can coexist [16].

Similar associations between CPPD and other comorbidities such as chronic kidney disease,
hypomagnesemia and hypophosphatasia, have been previously reported in studies investigating the
relationship between CPPD and coexisting conditions [5, 9, 16, 18, 19]. Noteworthy, coronary artery
disease, smoking and avascular necrosis were also more frequently observed in the CPPD population,
and in particular, avascular necrosis is a known condition that leads to bone necrosis and joint
destruction requiring joint replacement [20]. Overall, CPPD patients had a greater comorbidity burden
based on the Charlson comorbidity index score, and given the older age, these factors may increase the
complexity of managing these patients.

Regarding the length of stay and post-discharge site of care, the CPPD patients were more likely to stay
longer and be discharged to other care facilities compared to non-CPPD patients. Although there are no
post-discharge resource utilization data in the NIS database, the disposition to a non-home setting is
most likely associated with increased cost. Healthcare providers and payers should be aware of these
�ndings in order to develop strategies for proper in-hospital rehabilitation to reduce the length of stay and
the disposition to a non-home setting.

In the current study, we found that CPPD patients have a low in-hospital mortality rate and similar to the
non-CPPD patients. This �nding is in line with existing evidence reporting a downward trend in deaths
following TKA [21, 22]. A study by Kirskey et al. analyzed the NIS database and noted that the in-hospital
mortality decreased from 0.2% in 1998 to 0.09% in 2008 [21]. A systematic review of 37 studies reported
a decline in the mortality following TKA over a 10-year period, with an estimated 30-day mortality of
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0.10% in 2015 [22]. Although there are no studies examining the in-hospital mortality of TKA in CPPD
patients, a retrospective study of TKA in gout patients, using data from NIS database, reported an
estimated mortality of 0.1% [23].

In addition, we found that the risk for in-hospital complications such as myocardial infarction was higher
among the CPPD patients. In general, TKA patients have a greater risk of myocardial infarction during the
�rst postprocedural month, particularly patients older than the age of 80 and those with underlying
coronary artery disease [24, 25]. This observation might explain the higher risk of myocardial infarction,
given the older mean age in the CPPD population and the greater frequency of coronary artery disease,
and highlights the importance for awareness and prevention of this devastating complication.

There are several limitations in the interpretation of the study’s results. First, there are no available
longitudinal data, such as discharge complications, outpatient resource utilization, post-discharge
mortality, and due to the design of the cohort study, there is a risk of confounding bias. Additionally, the
database does not provide information about patient-reported outcomes, laboratory studies, and
medications, variables that might in�uence the outcomes. Our study has several strengths. The
nationwide study design is more representative of the population, and the large sample size provides
more reliable and accurate results.

Conclusions
The current study sheds light into the association between TKA and CPPD. We demonstrated that CPPD
patients who underwent TKA were more likely to be older, white, male, and have a higher comorbidity
burden than the non-CPPD. Several comorbidities were associated with increased odds for TKA in CPPD,
and in-hospital complications, such as myocardial infarction and reoperation, were more common in
CPPD patients. Although there was no signi�cant difference in the in-hospital mortality, the CPPD
patients were more likely to have longer hospital stay and discharge to inpatient/rehabilitation facility.

Abbreviations
CPPD
calcium pyrophosphate deposition disease
calcium pyrophosphate dihydrate (CPP)
TKA
total knee arthroplasty
NIS
National Inpatient Sample
HCUP
Healthcare Cost and Utilization Project
ICD-9
International Classi�cation of Diseases code, ninth revision (ICD-9).
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