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Abstract
Background

The occurrence of hospital-acquired pressure ulcers (HAPUs) is disturbing and costly, leading to a variety of adverse effects. The
objective of this study was to examine the incidence and risk factors of HAPUs following total hip arthroplasty (THA) using a large-
scale national database.

Methods

A retrospective database analysis was performed based on Nationwide Inpatient Sample (NIS) from 2005-2014. Patients who
underwent THA were included. Patient demographics, hospital characteristics, length of stay (LOS), total charges during
hospitalization, in-hospital mortality, preoperative comorbidities, and perioperative complications were assessed.

Results

A total of 592,174 THAs were captured from the NIS database. The general incidence of HAPUs after THA was 0.05%, with a
�uctuating trend annually. Patients suffered from HAPUs were older, less likely through elective admission, more likely in large
hospital, more usage of Medicare, and less possibly paying via Private insurance compared to the nonaffected individuals.
Additionally, the occurrence of HAPUs was associated with more preoperative comorbidities, longer LOS, extra total charges, and
higher in-hospital mortality. Risk factors of HAPUs included advanced age (≥75 years), large hospital, multiple comorbidities (n≥3),
diabetes with chronic complications, drug abuse, liver disease, �uid and electrolyte disorders, metastatic cancer, peripheral vascular
disorders, psychoses, chronic renal failure, peptic ulcer disease, and weight loss. Besides, HAPUs were associated with in�ammatory
arthritis and femoral neck fracture (compared with primary/secondary osteoarthritis), frailty/senility, osteoporosis, acute renal failure,
pneumonia, postoperative delirium, urinary tract infection, deep vein thrombosis, sepsis/septicemia, wound dehiscence/non-healing
surgical wound, periprosthetic joint infection, and mechanical prosthesis-related complications. Both elective admission and Private
insurance were detected as protective factors.

Conclusions

It is bene�cial to study the risk factors of HAPUs after THA to ensure the preventive management and optimize consequences
although a really low incidence was identi�ed.

Background
Total hip arthroplasty (THA) has been proven to be one of the most successful and effective procedures for alleviating pain, restoring
function, and improving quality of life in patients with severe hip diseases or injuries [1]. Currently, about 400,000 THAs are performed
each year in the United States, which is expected to increase up to 572,000 by 2030 [2]. However, postoperative complications may
occur.

Pressure ulcers (PUs) are common complications to affect bedridden or frail hospitalized patients globally, posing substantial burden
on the patients and the healthcare system [3–7]. The elderly are particularly vulnerable [5, 7–9]. PUs are described as localized
injuries to the skin or underlying tissue, usually over a bony prominence such as sacrum, ischial tuberosity, greater trochanter, heel,
and lateral malleolus, as a result of pressure associated or pressure in combination with shear, with four stage by the depth of tissue
damage (stage 1 to stage 4) [7, 9–13]. Hospital-acquired PUs (HAPUs) have constituted heavy burden on healthcare resources
because they extend length of stay (LOS) and increase medical costs [3, 4, 7, 8, 13, 14]. It is reported that the average cost of treating
PUs of per individual ranges from $37,800 to more than $127,000 during hospitalization [3, 15, 16]. About 3 million people in the
United States suffer from PUs and the overall annual cost is estimated to be exceeding $11 billion [7, 11, 14, 17]. Furthermore, HAPUs
have an adverse impact on patients, family members, and health care practitioners, as these disturbing complications have been
shown to be associated with greater odds of readmissions, more painful, poor function, impaired social and psychological well-being,
lower quality of life for both patients and their caregivers, and even higher mortality [3–8, 10, 11, 13–19].

The reported incidence of PUs ranges greatly from 0.28–29.5%, which varies for many reasons, such as patient population, different
care settings, receiving operation or not, category of speci�c procedure, and follow-up period [3, 7–9, 11, 14–17, 19, 20]. In order to



Page 3/16

optimize postoperative outcomes and prevent the occurrence of early PUs with appropriate targeting strategies, it is critical to identify
preoperatively whether patients are at high risk of developing these complications [3, 4, 7–9, 11, 12, 15–19]. A series of risk factors of
PUs have been reported in previous literatures, including advanced age, frailty/senility, malnutrition, low body mass index (BMI), low
level of serum albumin, immobility, skin moisture, high scores of American Society of Anesthesiology (ASA) and Charlson
Comorbidity Index (CCI), diabetes, anemia, vascular disease, �uid and electrolyte disorders, respiratory disease, rheumatoid arthritis,
orthopaedic operations, longer duration of surgery, acute renal failure, pneumonia, urinary tract infection, deep vein thrombosis,
sepsis/septicemia, prosthesis-related complications, and postoperative delirium [3, 4, 7, 8, 10–21].

However, there is no study so far discussing the incidence and risk factors of the HAPUs after THA, based on a large-scale sample.
Therefore, the purpose of this study was to investigate the incidence and risk factors of HAPUs following THA, based on a national
database. Given that THA is a successful procedure to restore function for patients with severe hip diseases, this study hypothesizes
that HAPUs have a relatively low incidence and several risk factors to highlight patient groups that might require preoperative
optimization.

Methods

Data Source
The Nationwide Inpatient Sample (NIS) database, conducted by the Healthcare Cost and Utilization Project, and sponsored by the
Agency for Healthcare Research and Quality, was the data source of this study. In the United States, NIS represents the largest all-
payer database of hospital admissions. NIS collects a strati�ed sample from more than 1,000 hospitals, of approximately 20% of the
hospitalizations in the United States each year [19, 22, 23]. The information, including patient demographics (age, sex, and race),
hospital characteristics (type of admission and payer, and bedsize, teaching status, location, and region of hospital), LOS, total
charges, in-hospital mortality, preoperative comorbidities, and diagnostic and procedural codes from International Classi�cation of
Diseases (ninth revision) Clinical Modi�cation (ICD-9-CM) were obtained from this database as previously described [22]. This
observational study utilized deidenti�ed publicly available data, hence it was deemed exempt [22].

Data Collection
Patients who met the following inclusion criteria were included in this study: (i) patients with available hospitalized information
registered in NIS database from 2005 to 2014; (ii) patients undergoing THA with the ICD-9-CM procedural code 81.51 (n = 593,045).
Patients were excluded from the study if they were: (i) less than 18 years of age; (ii) lacked data of age (n = 871). According to the
occurrence of HAPUs, the captured cases were divided into two groups. HAPUs were de�ned based on previous studies by ICD-9-CM
diagnostic codes, relying on different stages and predilection sites of these complications
(707.0/707.00/707.01/707.02/707.03/707.04/707.05/707.06/707.07/707.09/707.2/707.20/707.21/707.22/707.23/707.24/707.25)
[7, 19].

Patient demographics, hospital characteristics, preoperative comorbidities, outcome measures (LOS, total charges, and in-hospital
mortality) were evaluated. The NIS database provides 29 inherent preoperative comorbidities that do not require ICD-9-CM diagnostic
codes to obtain, because these inherent comorbidities have their respective variable names (Table 1). A modi�ed Elixhauser
Comorbidity Index (ECI) including these 29 inherent preoperative comorbidities was utilized to represent the number of comorbidities
[24]. Nevertheless, these 29 preoperative comorbidities still did not meet the requirements of this study, thus other additional
comorbidities were de�ned and included at the author’s discretion based on prior studies on the risk factors of PUs [11, 19, 22].
Perioperative complications before discharge were searched from the database by ICD-9-CM diagnostic code (Supplementary
information �le). According to prior studies, medical complications were de�ned as acute renal failure, acute myocardial infarction,
pneumonia, pulmonary embolism, stroke, postoperative delirium, urinary tract infection, deep vein thrombosis, sepsis/septicemia,
postoperative shock, and blood transfusion. Surgical complications included wound dehiscence/non-healing surgical wound,
hemorrhage/seroma/hematoma, nerve injury, periprosthetic joint infection, and mechanical prosthesis-related complications [22, 25,
26].
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Table 1
Variables Entered into the Logistic Regression Analysis

Variables
Categories

Speci�c Variables

Patient
demographics

Age (≤ 74 years, and ≥ 75 years), sex (male and female), race (White, Black, Hispanic, Asian or Paci�c Islander,
Native American and Other)

Hospital
characteristics

Type of admission (non-elective, elective), bedsize of hospital (small, medium, large), teaching status of
hospital (nonteaching, teaching), location of hospital (rural, urban), region of hospital (Northeast, Midwest or
North Central, South, West), type of payer (Medicare, Medicaid, Private insurance, Self-pay, No charge, Other)

Comorbidities Number of comorbidities, AIDS, alcohol abuse, de�ciency anemia, rheumatoid diseases, chronic blood loss
anemia, congestive heart failure, chronic pulmonary disease, coagulopathy, depression, diabetes
(uncomplicated), diabetes (with chronic complications), drug abuse, hypertension, hypothyroidism, liver
disease, lymphoma, �uid and electrolyte disorders, metastatic cancer, neurological disorders, obesity, paralysis,
peripheral vascular disorders, psychoses, pulmonary circulation disorders, chronic renal failure, solid tumor
without metastasis, peptic ulcer disease, valvular disease, weight loss

Data Analysis
All the statistical analyses were performed using the statistical software, R version 3.5.3 (The R Foundation Inc, Auckland, New
Zealand). Signi�cant differences between two groups were determined by Wilcoxon rank test for continuous data and chi-square test
for categorical data. To investigate independent risk factors of HAPUs, multivariate logistic regression with the stepwise method was
conducted as previously reported [22, 23]. All variables, including demographics, hospital characteristics, and comorbidities that were
provided by the NIS were entered into the regression analysis simultaneously (Table 1). Univariate and multivariate logistic regression
models were constructed to evaluate the association of additional comorbidities or perioperative complications with HAPUs [22].
Statistical signi�cance was de�ned by an alpha value of P < 0.05.

Results

Incidence of HAPUs in Patients Undergoing THA
A total of 592,174 THAs were identi�ed in the NIS database from 2005 to 2014. Overall, there were 311 cases of HAPUs with an
incidence of 0.05% (Table 2, Table S). It was observed that the annual incidence of HAPUs following THA �uctuated during this
decade (Fig. 1).
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Table 2
Patient Characteristics and Outcomes of HAPUs after THA (2005–2014)

Parameter No HAPUs HAPUs P

Total(n = count) 591,863 311 −

Total incidence (%) 0.05

Age (median, years) 66 (57–74) 70 (59–79) < 0.0001

Age group (%)

18–44 5.07 4.50 < 0.0001

45–64 41.13 33.76

65–74 28.97 22.19

≥ 75 24.83 39.55

Sex (% female) 56.07 52.09 0.18

Race (%)

White 86.47 83.39 0.06

Black 7.07 9.59

Hispanic 3.22 4.06

Asian or Paci�c Islander 0.91 1.11

Native American 0.33 1.11

Other 2.00 0.74

Type of admission (% elective) 91.17 65.27 < 0.0001

Bedsize of hospital (%)

Small 18.58 12.86 0.02

Medium 25.17 24.76

Large 56.25 62.38

Teaching status of hospital (% teaching) 48.63 50.48 0.55

Location of hospital (% urban) 89.92 90.03 1.00

Region of hospital (%)

Northeast 19.78 18.33 0.57

Midwest or North Central 26.13 24.44

South 33.24 36.98

West 20.85 20.26

ECI (median, n) 2 (1–3) 3 (2–4) < 0.0001

Comorbidities (%)

0 18.07 6.75 < 0.0001

1 29.28 11.25

2 25.24 17.04

HAPUs: hospital-acquired pressure ulcers; THA: total hip arthroplasty; ECI: Elixhauser Comorbidity Index; LOS: length of stay.
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Parameter No HAPUs HAPUs P

≥ 3 27.41 64.95

LOS (median, days) 3 (3–4) 5 (3–10) < 0.0001

Total charges (median, $) 44,268 (32,709 − 61,331) 67,188 (43,111 − 98,402) < 0.0001

Type of payer (%)

Medicare 52.78 71.75 0.0005

Medicaid 3.58 8.12

Private insurance 40.21 16.88

Self-pay 0.79 0.65

No charge 0.14 0.32

Other 2.50 2.27

In-hospital mortality (%) 0.16 2.89 < 0.0001

HAPUs: hospital-acquired pressure ulcers; THA: total hip arthroplasty; ECI: Elixhauser Comorbidity Index; LOS: length of stay.

Patient Demographics of Two Groups
Patients affected by HAPUs were 4 years older than those unaffected (70 years vs. 66 years, P < 0.0001) (Table 2). Consistently, there
was signi�cant difference of the age distribution between the two groups, with a 14.72% higher incidence among patients older than
75 years (39.55% vs. 24.83%, P < 0.0001), while a relatively lower incidence among patients aged 18–74 years (60.45% vs. 75.17%, P 
< 0.0001) (Table 2). However, no signi�cant difference was detected in gender (P = 0.18) or races (P = 0.06) between two cohorts at
our de�ned level (Table 2).

Hospital Characteristics of Two Groups
As expected, patients suffered from HAPUs after THA were 25.90% less likely through elective admission compared to those without
these complications (65.27% vs. 91.17%, P < 0.0001) (Table 2). Additionally, HAPUs tended to occur in large hospital (62.38% vs.
56.25%, P = 0.02) (Table 2). Nevertheless, There was no signi�cant difference of the hospital teaching status (P = 0.55), hospital
bedsize (P = 1.00) or hospital region (P = 0.57) between two groups (Table 2).

Adverse Outcomes of HAPUs after THA
Not surprisingly, patients with HAPUs demonstrated signi�cant higher ECI scores (3 vs. 2, P < 0.0001), which as mentioned previously,
represented more preoperative comorbidities. Besides, patients undergoing THA with multiple preoperative comorbidities (n ≥ 3)
presented a 37.54% higher incidence of HAPUs (64.95% vs. 27.41%, P < 0.0001) (Table 2). As expected, in-hospital mortality of
patients with HAPUs was signi�cantly higher exceeding 18 times than those without HAPUs (2.89% vs. 0.16%, P < 0.0001) (Table 2).
The median LOS with the presence of HAPUs was 2 days longer (5 days vs. 3 days; P < 0.0001) (Table 2). Therefore, HAPUs increased
medical cost. It was found that there was an obvious increase of $22,920 in total charges during hospitalization, with the occurrence
of HAPUs ($67,188 vs. $44,268, P < 0.0001) (Table 2). Regarding to the type of payer, the Medicare was observed to occupied a
18.97% larger proportion (71.75% vs. 52.78%), while Private insurance took a 23.33% smaller proportion in the HAPUs group (16.88%
vs. 40.21%) (P < 0.0001) (Table 2).

Risk Factors of HAPUs after THA
Logistic regression analysis was performed to investigate risk factors of HAPUs (Table 3), and the following indicators were
identi�ed: advanced age (≥ 75 years; odds ratio [OR] = 1.38; 95% con�dence interval [CI] = 1.03–1.85; P = 0.03), large hospital (OR = 
1.53; CI = 1.05–2.23; P = 0.03), multiple comorbidities (n ≥ 3; OR = 2.33; CI = 1.17–4.65; P = 0.02), diabetes with chronic complications
(OR = 1.84; CI = 1.04–3.25; P = 0.04), drug abuse (OR = 3.74; CI = 2.17–6.45; P < 0.0001), liver disease (OR = 2.39; CI = 1.40–4.10; P = 
0.002), �uid and electrolyte disorders (OR = 1.72; CI = 1.28–2.31; P = 0.0003), metastatic cancer (OR = 2.57; CI = 1.11–5.94; P = 0.03),
peripheral vascular disorders (OR = 1.84; CI = 1.20–2.83; P = 0.005), psychoses (OR = 1.69; CI = 1.02–2.82; P = 0.04), chronic renal
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failure (OR = 1.52; CI = 1.06–2.20; P = 0.02), peptic ulcer disease (OR = 13.36; CI = 1.82–97.92; P = 0.01), and weight loss (OR = 3.03; CI 
= 1.87–4.90; P < 0.0001). Interestingly, there were two protective factors of HAPUs including elective admission (OR = 0.33; CI = 0.25–
0.43; P < 0.0001), and Private insurance (OR = 0.53; CI = 0.37–0.75; P = 0.0004).
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Table 3
Risk Factors of HAPUs after THA (2005–2014)

Variable OR 95% CI P

Age (years)

≤ 74 Ref. − −

≥ 75 1.38 1.03–1.85 0.03

Elective admission 0.33 0.25–0.43 < 0.0001

Bedsize of hospital

Small Ref. − −

Medium 1.40 0.92–2.12 0.11

Large 1.53 1.05–2.23 0.03

Type of payer

Medicare Ref. − −

Medicaid 1.26 0.76–2.07 0.37

Private insurance 0.53 0.37–0.75 0.0004

Self-pay 0.70 0.17–2.87 0.62

No charge 1.91 0.26–13.85 0.52

Other 0.87 0.38-2.00 0.75

Comorbidities

0 Ref. − −

1 0.85 0.46–1.58 0.60

2 1.26 0.68–2.34 0.47

≥ 3 2.33 1.17–4.65 0.02

Diabetes with chronic complications 1.84 1.04–3.25 0.04

Drug abuse 3.74 2.17–6.45 < 0.0001

Liver disease 2.39 1.40–4.10 0.002

Fluid and electrolyte disorders 1.72 1.28–2.31 0.0003

Metastatic cancer 2.57 1.11–5.94 0.03

Peripheral vascular disorders 1.84 1.20–2.83 0.005

Psychoses 1.69 1.02–2.82 0.04

Chronic renal failure 1.52 1.06–2.20 0.02

Peptic ulcer disease 13.36 1.82–97.92 0.01

Weight loss 3.03 1.87–4.90 < 0.0001

HAPUs: hospital-acquired pressure ulcers; THA: total hip arthroplasty; OR: odds ratio; CI: con�dence interval.

Only signi�cant comorbidities are presented.

Additional Comorbidities Associated with HAPUs after THA
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With regard to the indications for THA, patients diagnosed with primary/secondary osteoarthritis were less likely to experience HAPUs
(76.28% vs. 95.70%, P = 0.0005) (Table 4). However, those diagnosed with in�ammatory arthritis (3.16% vs. 0.85%, P = 0.0005) or
femoral neck fracture (FNF) (20.55% vs. 3.45%, P = 0.0005) undergoing THA were more likely to suffer from HAPUs (P = 0.0005)
(Table 4). Furthermore, HAPUs after THA tended to occur in patients with comorbidities of Parkinson disease (1.93% vs. 0.47%, P = 
0.004), dementia (3.22% vs. 0.87%, P = 0.0005), frailty/senility (2.57% vs. 0.36%, P < 0.0001), or osteoporosis (12.86% vs. 6.06%, P < 
0.0001) (Table 4). In multivariate analysis, in�ammatory arthritis (OR = 4.20; CI = 2.06–8.54; P = 0.0001) and FNF (OR = 6.32; CI = 
4.56–8.76; P < 0.0001) compared with primary/secondary osteoarthritis, frailty/senility (OR = 4.20; CI = 1.85–9.55; P = 0.0006), and
osteoporosis (OR = 1.87; CI = 2.06–8.54; P = 0.0008) were independent risk factors for HAPUs after THA (Table 4).

Table 4
Additional Comorbidities Associated with HAPUs after THA (2005–2014)

Comorbidities Univariate Analysis Multivariate Logistic Regression

No HAPUs HAPUs P OR 95% CI P

Indications for THA

Primary/Secondary osteoarthritis 523,550 (95.70%) 193 (76.28%) 0.0005 Ref. − −

In�ammatory arthritis 4,635 (0.85%) 8 (3.16%) 0.0005 4.20 2.06–8.54 0.0001

Femoral neck fracture 18,896 (3.45%) 52 (20.55%) 0.0005 6.32 4.56–8.76 < 0.0001

Other comorbidities

Parkinson disease 2,807 (0.47%) 6 (1.93%) 0.004 2.39 0.97–5.86 0.06

Dementia 5,168 (0.87%) 10 (3.22%) 0.0005 1.11 0.51–2.42 0.79

Epilepsy 4,496 (0.76%) 5 (1.61%) 0.09 1.57 0.58–4.23 0.38

Frailty/Senility 2,120 (0.36%) 8 (2.57%) < 0.0001 4.20 1.85–9.55 0.0006

Smoking 121,668 (20.56%) 59 (18.97%) 0.53 1.00 0.73–1.36 0.98

Osteoporosis 35,859 (6.06%) 40 (12.86%) < 0.0001 1.87 1.29–2.69 0.0008

Chronic osteomyelitis 192 (0.03%) 1 (0.32%) 0.10 0.0001 0.00-191.08 0.97

HAPUs: hospital-acquired pressure ulcers; THA: total hip arthroplasty; OR: odds ratio; CI: con�dence interval.

Perioperative Complications Associated with HAPUs after THA
Univariate analysis presented that patients undergoing THA with the occurrence of HAPUs were more likely to have either medical
perioperative complications (62.70% vs. 26.84%, P < 0.0001) during hospitalization including acute renal failure (14.79% vs. 1.91%, P 
< 0.0001), acute myocardial infarction (1.93% vs. 0.73%, P = 0.03), pneumonia (6.43% vs. 0.59%, P < 0.0001), postoperative delirium
(4.50% vs. 0.96%, P < 0.0001), urinary tract infection (17.68% vs. 6.06%, P < 0.0001), deep vein thrombosis (2.25% vs. 0.27%, P < 
0.0001), sepsis/septicemia (3.86% vs. 0.17%, P < 0.0001), postoperative shock (0.64% vs. 0.04%, P = 0.007), and blood transfusion
(43.41% vs. 21.97%, P < 0.0001), or surgical perioperative complications (14.79% vs. 2.75%, P < 0.0001) during hospitalization
including wound dehiscence/non-healing surgical wound (1.29% vs. 0.03%, P < 0.0001), hemorrhage/seroma/hematoma (3.22% vs.
0.91%, P = 0.0006), periprosthetic joint infection (3.22% vs. 0.21%, P < 0.0001) and mechanical prosthesis-related complications
(9.65% vs. 1.68%, P < 0.0001) compared with patients without HAPUs (Table 5). Multivariate analysis showed that HAPUs following
THA were independently associated with acute renal failure (OR = 2.83; CI = 1.97–4.05; P < 0.0001), pneumonia (OR = 3.03; CI = 1.82–
5.03; P < 0.0001), postoperative delirium (OR = 1.76; CI = 1.01–3.07; P = 0.04), urinary tract infection (OR = 2.20; CI = 1.57–3.09; P < 
0.0001), deep vein thrombosis (OR = 2.65; CI = 1.21–5.80; P = 0.01), sepsis/septicemia (OR = 2.38; CI = 1.20–4.72; P = 0.01), any
medical complications (OR = 2.82; CI = 1.89–4.21; P < 0.0001), wound dehiscence/non-healing surgical wound (OR = 8.66; CI = 2.81–
26.74; P = 0.0002), periprosthetic joint infection (OR = 2.72; CI = 1.16–6.37; P = 0.02), and mechanical prosthesis-related complications
(OR = 2.59; CI = 1.08–6.19; P = 0.03) (Table 5).
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Table 5
Complications Associated with HAPUs after THA (2005–2014)

Complications Univariate Analysis Multivariate Logistic
Regression

No HAPUs HAPUs P OR 95% CI P

Medical complications

Acute renal failure 11,280 (1.91%) 46 (14.79%) < 
0.0001

2.83 1.97–4.05 < 0.0001

Acute myocardial infarction 4,319 (0.73%) 6 (1.93%) 0.03 0.90 0.39–2.06 0.80

Pneumonia 3,487 (0.59%) 20 (6.43%) < 
0.0001

3.03 1.82–5.03 < 0.0001

Pulmonary embolism 1,161 (0.20%) 2 (0.64%) 0.13 0.75 0.18–3.17 0.70

Stroke 4,127 (0.70%) 2 (0.64%) 1 0.40 0.09–1.63 0.20

Postoperative delirium 5,689 (0.96%) 14 (4.50%) < 
0.0001

1.76 1.01–3.07 0.04

Urinary tract infection 20,351 (3.44%) 55 (17.68%) < 
0.0001

2.20 1.57–3.09 < 0.0001

Deep vein thrombosis 1,583 (0.27%) 7 (2.25%) < 
0.0001

2.65 1.21–5.80 0.01

Sepsis/Septicemia 985 (0.17%) 12 (3.86%) < 
0.0001

2.38 1.20–4.72 0.01

Postoperative shock 241 (0.04%) 2 (0.64%) 0.007 2.35 0.55–9.95 0.25

Blood transfusion 130,016
(21.97%)

135
(43.41%)

< 
0.0001

0.98 0.69–1.38 0.90

Any medical complicationa 158,841
(26.84%)

195
(62.70%)

< 
0.0001

2.82 1.89–4.21 < 0.0001

Surgical complications

Wound dehiscence/Non-healing surgical
wound

152 (0.03%) 4 (1.29%) < 
0.0001

8.66 2.81–
26.74

0.0002

Hemorrhage/seroma/hematoma 5,357 (0.91%) 10 (3.22%) 0.0006 1.08 0.45–2.59 0.86

Nerve injury 261 (0.04%) 1 (0.32%) 0.13 4.45 0.56–
35.53

0.16

Periprosthetic joint infection 1,216 (0.21%) 10 (3.22%) < 
0.0001

2.72 1.16–6.37 0.02

Mechanical prosthesis-related complications 9,941 (1.68%) 30 (9.65%) < 
0.0001

2.59 1.08–6.19 0.03

Any surgical complicationb 16,253 (2.75%) 46 (14.79%) < 
0.0001

1.36 0.55–3.34 0.51

HAPUs: hospital-acquired pressure ulcers; THA: total hip arthroplasty; OR: odds ratio; CI: con�dence interval.

Any medical complicationa or surgical complicationb: patients with more than one complication are counted only once.

Discussion
This study provides a large-scale and health-economic analysis of HAPUs after THA. To the authors’ knowledge, this is the �rst study
to explore the incidence and risk factors of HAPUs following THA. The �uctuating annual incidence of HAPUs after THA from 2005 to
2014 indicates that the effective preventive measures of HAPUs remain imperative to actually reduce the occurrence of these
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complications, such as the use of alternative pressure mattress, frequent repositioning, nutritional support, and early surgery to
restore mobility recommended by prior studies [8, 9, 17–19] (Fig. 1). An overall incidence of 0.05% of HAPUs after THA was identi�ed,
which was greatly lower compared with previous �ndings (0.28–29.5%) [3, 7–9, 11, 14–17, 19, 20]. Apart from the aforementioned
several potential reasons accounting for the differences of incidences, there is another possible explanation that THA is a successful
and effective procedure to restore function of mobility for most patients with severe hip diseases or FNF, consequently avoiding the
requirement of staying on bed with long period [1, 8, 15].

It has been reported that advanced age is associated with increased risk of PUs [4, 7, 11, 12, 15, 16, 18, 19]. Consistent result was
found in this study. Except for the elderly with poor mobility, this may also be due to that this population is commonly inherent with
natural skin aging and frail skin, including dermal and epidermal thinning, decreased epidermal turnover, and loss of dermal papillae
resulting in �attening of the dermoepidermal junction. Consequently, aging skin has less resistance to shear forces and a reduced
contiguous surface area between the dermis and epidermis through which nutrient and oxygen transport can occur, resulting in the
development of PUs [11, 15, 27].

Not surprisingly, patients undergoing THA via elective admission were less likely to suffer from HAPUs. A possible reason for this is
that most elective cases have well healthy conditions or adequate preparations preoperatively, while emergent cases tend to be
severe events such as FNF in the elderly or complicated conditions lack of careful evaluations before surgery [28]. Elective admission
was found as protective factor, while advanced age and FNF (compared with primary/secondary osteoarthritis) were risk factors of
HAPUs further con�rmed this �nding. A potential explanation accounting for large hospital as risk predictors of HAPUs is that cases
in these facilities are commonly challenging with complex and multiple comorbidities [22]. Private insurance was observed to take an
obvious smaller proportion in the HAPUs group as well as was detected as another protective factor. This indicates that the economic
status may play a role in the development of HAPUs. Besides, previous researchers presumed that clinical staffs are aware of
insurance or income differences between patients and hence consciously treat them differently [29].

As expected, multiple comorbidities (n ≥ 3) were associated with increased risk of HAPUs after THA, similar to the ASA and CCI
mentioned above. This is apparently understandable as higher scores of these predictors commonly mean worse healthy condition or
sickness of patients before surgery, and may increase the development of postoperative complications such as HAPUs [7, 15, 18].

The occurrence of HAPUs after THA was found to be associated with extended LOS, more total charges and higher in-hospital
mortality (Table 2). Several postoperative factors including associated complications, treatment of HAPUs, pain management,
ambulatory ability, and family support may lead to a prolonged LOS [7, 14, 16, 17, 30, 31]. The extra total charges are due to not only
the extended hospitalization, but also the treating and nursing of costly HAPUs [4, 7, 14, 15, 31]. Many investigators have reported
that patients experiencing PUs are associated with increased rates of mortality [4, 5, 8, 15, 17].

Preoperative identi�cation of patients at increased risk of HAPUs following THA is essential to developing targeted strategies to
prevent and ameliorate these adverse events [3, 4, 7–9, 11, 12, 15–19]. Logistic regression was applied and a series of risk factors of
HAPUs after THA were identi�ed (Table 3–5). Diabetes is a well recognized risk factor for the development of PUs [3, 8, 10–12, 14–
18, 19, 21]. Consistently in this study, diabetes with chronic complications was at increased risk of HAPUs following THA. One
possible reason accounting for this is that diabetes with chronic complications means at ending stage of disease, commonly
accompanied with peripheral neuropathy which impairs the protective sensation against pressure injury [15]. Another potential
explanation may be that patients with this comorbidity have poor microvascular tissue perfusion, and poor healing capacity once a
tissue is injured [15]. Patients with drug abuse, psychoses, or postoperative delirium were at increased risk of HAPUs largely in line
with prior �ndings that a lower mental status score, disorientation, and cognitive impairment were associated with the development
of PUs [11, 15].

Malnutrition or associated nutritional factors such as weight loss, poor intake, low BMI, and low serum albumin have been reported to
be associated with the development of PUs in numerous studies [4, 5, 7, 8, 11–14, 16–19]. In this study, weight loss was also found
as a risk factor. A reasonable explanation is that malnutrition is frequently accompanied by loss of fat or reduction of the connective
tissue that protects the skin from damage by external pressure, leading to increased the exposure of bony prominences and
weakened tissue tolerance [4, 5, 11, 13]. Another possible reason is that patients with weight loss is commonly related to physical
weakness, dehydration, decreased mobility, edema, and poor nutritional intake which reduces nutrient availability in the body for
energy metabolism, maintenance, and repair. One or a combination of these factors possibly increases the risk of formation of PUs
[13]. Metastatic cancer was determined as a risk factor of HAPUs following THA, probably because this ending stage of malignancy
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is associated with weight loss and anorexia, as well as pain that limits mobility, causing the occurrence of HAPUs [32]. Besides,
cancer treatment can induce anorexia and immune compromise, both of which may confer increased risk for HAPUs and impaired
wound healing [32].

Peripheral vascular disorders also has been reported frequently to be associated with PUs. [3, 7, 8, 12, 16–19, 21]. A possible reason
accounting for this is that these patients commonly exist with hypoperfusion which impairs the delivery of oxygen, nutrients and
removal of wastes in patients with vulnerable skin and subcutaneous tissue, and further impairs wound healing [12, 17, 21]. Despite
�uid and electrolyte disorders have been found to be associated with increased risk of PUs, the reason remains unclear [14, 19]. We
assume that this is likely associated with poor nutritional status which may compromise skin integrity [4]. It was found that both
chronic renal failure and acute renal failure were associated with the occurrence of HAPUs in this study. Nevertheless, studies about
the certain relationship between renal failure and PUs are rare [7, 16, 19, 21]. It is likely attributed to metabolism or nutrition related
factors. To the authors’ knowledge, peptic ulcer disease and liver disease were �rst found as risk factors of HAPUs after THA.
Interestingly, peptic ulcer disease introduced the highest risk among all the factors (Table 3). A potential explanation may be that
patients with these digestive system diseases were usually accompanied by poor nutritional intake which reduces nutrient availability
in the body for energy metabolism, maintenance, and repair [13].

It was observed in this study that patients with indications for THA such as in�ammatory arthritis (e.g., rheumatoid arthritis) or FNF
had higher odds of HAPUs compared with primary/secondary osteoarthritis. Patients with rheumatoid arthritis typically receiving the
therapy of corticosteroids may cause skin fragility and hinder tissue repair, thus contributing to the risk [16, 33]. Patients with FNF
undergoing THA are prone to experiencing HAPUs probably because of exposure to long periods of immobility before, during and
after surgery [34]. In accordance with previous studies, it was found that frailty/senility was associated with increased risk of HAPUs
[11, 18, 19, 35, 36]. This may be due to that the elderly who are frail have a diminished capacity to compensate effectively for external
stressors and hence are vulnerable to adverse outcomes such as PUs [35, 36]. Osteoporosis was detected as risk factor of HAPUs
possibly as a result of poor nutrition. Furthermore, osteoporosis is a main cause of FNF especially among the elderly, and these
factors are found to be associated with HAPUs as mentioned above [37].

Several infection-related complications including pneumonia, urinary tract infection, sepsis/septicemia, and periprosthetic joint
infection were found to be associated with HAPUs. Impaired in�ammatory response, insu�cient oxygen supplement and decreased
mobility in individuals with pneumonia may predispose them to develop HAPUs [38]. Patients with urinary tract infection are prone to
suffering from HAPUs likely because they are usually accompanied by urinary incontinence or moisture of local skin [7, 8, 11, 12, 15,
19]. It has been reported that patients with the occurrence of sepsis/septicemia are in a high frailty state that may predispose them to
PUs development [15]. Although THA is a successful and effective procedure to restore function of mobility for most patients with
severe hip diseases or FNF, periprosthetic joint infection and mechanical prosthesis-related complications are still challenging for
both surgeons and patients [1, 22]. These individuals are vulnerable to experiencing HAPUs possibly as a result of limited mobility
[19]. Besides, deep vein thrombosis has also been found to be associated with PUs [11, 19]. Furthermore, deep vein thrombosis,
pneumonia, urinary tract infection and PUs are regarded as major immobility complications [39]. Therefore, immobility plays a critical
role in developing PUs [11]. Similarly, patients with wound dehiscence/non-healing surgical wound after THA were restricted with
movement may contribute to the occurrence of HAPUs [11].

The main strengths of our study include its large sample size as well as national representativeness, and the application of
multivariable regression modeling to mitigate confounding. However, several limitations must be acknowledged mainly inherent to
the utilization of the NIS database. First, information of each patient is only recorded during hospitalization, suggesting any
complication or outcome post-discharge such as rates of readmission and long term follow-up will not be provided by this database.
This limitation might result in underestimating the incidence of PUs as only early period in-hospital cases were captured [17, 19, 22,
23, 25, 26]. Second, only variables recorded in the NIS database could be analyzed. There are other known risk factors associated
with PUs were not available in the NIS database, such as duration of surgery, BMI, ASA, level of serum albumin, immobility, and skin
moisture [7, 11, 12, 16, 18]. Additionally, as with any large administrative database, discrepancy or misclassi�cation in coding and
documentation may occur [19, 22, 23, 25].

Conclusions
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HAPUs following THA are challenging and costly with an overall incidence of 0.05%. The annual incidence of HAPUs was �uctuating
from 2005 to 2014. Several risk factors of HAPUs after THA were identi�ed in this study including advanced age (≥ 75 years), large
hospital, multiple comorbidities (n ≥ 3), diabetes with chronic complications, drug abuse, liver disease, �uid and electrolyte disorders,
metastatic cancer, peripheral vascular disorders, psychoses, chronic renal failure, peptic ulcer disease, and weight loss. Furthermore,
HAPUs were associated with in�ammatory arthritis and FNF (compared with primary/secondary osteoarthritis), frailty/senility,
osteoporosis, acute renal failure, pneumonia, postoperative delirium, urinary tract infection, deep vein thrombosis, sepsis/septicemia,
wound dehiscence/non-healing surgical wound, periprosthetic joint infection, and mechanical prosthesis-related complications. Both
elective admission and Private insurance were detected as protective factors. Patients with HAPUs after THA presented more
preoperative comorbidities, prolonged LOS, excess total charges, and higher in-hospital mortality.
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Figures

Figure 1

Annual incidence of hospital-acquired pressure ulcers (HAPUs) following total hip arthroplasty (THA) from 2005 to 2014. This shows
that the incidence of HAPUs after THA �uctuated during this decade.
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