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Background: Pneumonia and urinary tract infections (UTIs) increase morbidity and mortality.
There is little epidemiological evidence from large population-based studies on risk factors for
these infections and subsequent mortality in total hip arthroplasty (THA) patients.

Aim: To examine the risk factors of postoperative pneumonia and UTI after THA and their
impact on survival.

Patients and methods: We used the Danish Hip Arthroplasty Register to identify THAs due
to osteoarthritis registered from 2000 to 2013. We collected data about comorbidities, mortal-
ity and infections in relation to primary hospitalization and potential predictive variables from
administrative databases. Regression models were used to estimate associations between potential
risk factors and infection, and subsequently, between infection and mortality.

Results: In total 84,812 THAs were included. The cumulative incidence of pneumonia and UTI
within 7 days of the primary procedure were 0.21 (95% confidence interval [CI]: 0.18-0.25)
and 0.29 (95% CI: 0.26-0.33), respectively. Patient-related risk factors for infection were being
80 years or older, gender and a comorbidity burden at time of surgery. The hazard ratio (HR) of
dying within 90 days of the primary THA was 10.67 (95% CI: 5.79-19.57) compared to patients
without pneumonia. For patients with UTIs, the HR was 1.64 (95% CI: 0.41-6.59) compared
to those without a UTI.

Conclusion: Pneumonia was associated with an increased short-term risk of dying, despite
adjustment for coexisting comorbidity and other potential confounders. Age, gender and comor-
bidity were the most important risk factors for pneumonia and UTIs. Individual initiatives to
reduce the risk of pneumonia in select patient groups may be essential to the effort to optimize
outcomes after a THA.

Keywords: total hip arthroplasty, pneumonia, urinary tract infection, mortality, risk factor,

prognosis

Background
Although total hip arthroplasty (THA) procedures are considered beneficial and safe,
complications, such as pneumonia and urinary tract infections (UTIs), still occur. In
THA patients, short-term readmission or incidence rates due to pneumonia or UTIs
are reported to be less than 2—5%.'° Despite the low frequencies, pneumonia and
UTIs are strenuous and may, especially in patients with a high comorbidity burden,
be critical.

Pneumonia and UTTIs are associated with increased morbidity and mortality.>® Both
infections are seen more often in elderly persons and in persons with other comorbidi-
ties — and in patients who are in need of a THA.*!° Pneumonia was, combined with
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influenza, the 9th most frequent cause of death in the US in
2010," and the incidence of hospitalization with pneumonia
has increased during the past years.'>* In the US in 2005,
UTIs were responsible for 15.5% of infectious disease hos-
pitalizations in citizens aged 65 years or older; this rate was
exceeded only by pneumonia.® Additionally, UTIs were the
most frequent hospital-acquired infection, primarily due to
catheterization.” Development of infections such as pneu-
monia or UTIs are not without risks, and there is reason to
believe that an infection in combination with the primary
procedure only deteriorates the prognosis after THA.

Improved knowledge about the occurrence and risk fac-
tors for pneumonia and UTIs is, therefore, of importance
in the individual risk stratification each clinician performs
when counseling patients before a THA. Hence, the aim of
this study was to identify the risk factors of postoperative
pneumonia and UTTIs after THA and their impact on subse-
quent patient survival.

Patients and methods

The Danish Hip Arthroplasty Register (DHR) formed the
basis of the study. The DHR holds individual data including
the diagnosis, primary procedures and revisions for all THA
procedures performed in Danish public or private hospitals
since 1996.!¢ The DHR is an example of high-quality,
prospectively collected data suitable for population-based
epidemiology studies. The completeness in 1994 was 97.8%
for primary procedures.!”

Based on the unique 10-digit personal identification
number (CPR) encoding age, sex and date of birth that all
citizens in Denmark are assigned at birth, each procedure from
the DHR was linked to the Danish National Patient Register
(DNPR). Each record in the DNPR contains the patient’s
CPR number, information on treatment procedures, surgical
procedures, and primary discharge diagnoses and up to 20
secondary discharge diagnoses on all inpatient admissions
to Danish hospitals since 1977 and outpatient visits since
1995.'® Diagnoses are coded according to the International
Classification of Diseases (ICD), revision 8 from 1977 to 1994
and ICD, revision 10 thereafter. The primary procedures have
further been linked to the Danish Civil Registration System
(CRS). The CRS maintains records of residence and date of
death of all Danish citizens from April 1968 and onward and
is updated daily." The CPR number acted as the identifier
when establishing the final dataset. Standard cleaning and
preparation of the dataset with the removal of implausible
values were performed. The study protocol and analysis plan
are available from the corresponding author upon request.

Study population

We included all primary THAs from 2000 to 2013 due to
osteoarthritis (OA) (Figure 1). 7,404 patients had opera-
tions on both hips (688 simultaneously). This corresponds
to 14,408 (17%) of the 84,812 included THAsS.

Infections

Information about pneumonia and UTIs was collected using
the DNPR. The following ICD codes were used: pneumonia:
DJ12-DJ18; UTI: DN30.0, DN30.8 and DN30.9. As early
postoperative infections in direct connection with surgery
and hospitalization may be considered preventable, all cases
of pneumonia and UTIs registered in relation to the primary
hospitalization for THA or during a readmission within 7
days of the primary THA were included. The validity of the
coding of both pneumonia and UTI in the DNPR has been
examined in the Danish context. The positive predictive value
for pneumonia was 90-93%. For UTIs, it was 77%.2%?! By
looking at cases within 7 days, we focused on the very early
postoperative infections directly connected to surgery and
hospitalization.

Risk factors for infections

Potential and available risk factors for pneumonia and UTIs
are presented in Table 1. Age at the time of THA was divided
into five categorical groups: 10—49, 50-59, 60—69, 70-79
and 80+ years. Comorbidity was measured with the Charlson
Comorbidity Index (CCT).22 All primary and secondary diag-
noses from hospitalizations and outpatient visits registered
in the DNPR over a 10-year period before the primary THA

Total number of THAs due to OA
registered in the DHR from
1st of January 2000 to 31st of December 2013
(N=85,327)

Exclusions:

e Due to no registration of antibiotic
prophylaxis treatment during primary
procedure (n=146)

e Due to immigration or lack of follow-up
(n=261)

e Due to personal identification number
errors (n=105)

A

Total number of included THAs due to
osteoarthritis registered in the DHR from
1st of January 2000 to 31st of December 2013
(n=84,812)

Figure | Flow chart for study population. In total, 84,812 total hip arthroplasty
(THA\) procedures due to osteoarthritis (OA) were included (99.4% of total available).
Abbreviation: DHR, The Danish Hip Arthroplasty Register.
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Table | Number of pneumonia and urinary tract infections (UTIs) within 7 days of the primary total hip arthroplasty

Patient characteristics

Procedures
N=84,812 (% of N)

Pneumonia within 7 days
n=172 (% of N)

UTI within 7 days
n=235 (% of N)

Year of surgery
2000-2004
2005-2009
2010-2013
Gender
Female
Male
Age (years)
1049
50-59
60—69
70-79
80+
Comorbidity
CCl-none
CCl-low
CCl-medium
CCl-high
Specific comorbidity
Diabetes
COPD
Laterality
One hip
Both hips
LOPH
1-3
4-7
8+
Duration of surgery (minutes)*
<60
>60 to <120
>120
Fixation — cup®
Cemented + antibiotics
Cemented — antibiotics
Uncemented
Fixation — stem?
Cemented + antibiotics
Cemented — antibiotics
Uncemented

Hospital volume (procedures per year)

1-50
51-100
101-200
201-300
301+
Approach
Posterior

Anterior + lateral

23,904 (28.18)
32,071 (37.81)
28,837 (34.00)

47,678 (56.22)
37,134 (43.78)

2,923 (3.45)
11,363 (13.40)
28,784 (33.94)
30,101 (35.49)
11,641 (13.73)

57,680 (68.01)
13,079 (15.42)
8,931 (10.53)
5,122 (6.04)

4,083 (4.81)
4,983 (5.88)

70,404 (83.01)
14,408 (16.99)

29,252 (34.49)
30,130 (35.53)
25,430 (29.98)

43,914 (51.78)
39,185 (46.20)
1,544 (1.82)

20,404 (24.10)
1,507 (1.18)
62,758 (74.12)

36,829 (43.58)
2,105 (2.49)
45,575 (53.93)

3,203 (3.78)
7,519 (8.87)
15,127 (17.84)
10,593 (12.49)
48,370 (57.03)

77,089 (90.89)
7,723 (9.11)

24 (0.10)
54 (0.17)
94 (0.33)

72 (0.15)
100 (0.27)

1 (0.03)
13 0.11)
26 (0.09)
82 (0.27)
50 (0.43)

67 (0.12)
43 (0.33)
28 (0.31)
34 (0.66)

21 (0.51)
40 (0.80)

141 (0.20)
31 (0.22)

72 (0.25)
61 (0.20)
39 (0.15)

83 (0.19)
84 (0.21)
4(0.26)

51 (0.25)
1 (0.07)
120 (0.19)

89 (0.24)
I (0.05)
81 (0.18)

6 (0.19)
5 (0.20)
25 (0.17)
27 (0.25)
99 (0.20)

165 (0.21)
7 (0.09)

59 (0.25)
106 (0.33)
70 (0.24)

168 (0.35)
67 (0.18)

3(0.10)
15 (0.13)
63 (0.22)
99 (0.33)
55 (0.47)

136 (0.24)
42 (0.32)
33 (0.37)
24 (0.47)

15 (0.37)
18 (0.36)

198 (0.28)
37 (0.26)

56 (0.19)
103 (0.34)
76 (0.30)

85 (0.19)
137 (0.35)
12 (0.78)

69 (0.34)
5(0.33)
159 (0.25)

126 (0.34)
6 (0.29)
101 (0.22)

10 (0.31)
24 (0.32)
54 (0.36)
36 (0.34)
111 (0.23)

226 (0.29)
9(0.12)

Notes: Comorbidity is measured with the Charlson Comorbidity Index (CClI). Equal scores of CCl are as follows: CCl-none: 0; CCl-low: |; CCl-moderate: 2; and CCl-high:

3 or higher. *Number not equal to the total sum of THAs due to missing observations.

Abbreviations: COPD, chronic obstructive pulmonary disease; LOPH, length of primary hospitalization.

formed the basis of the CCI calculation. The CCI score was
calculated by adding the points of each disease category
for each procedure and was categorized into 4 CCI groups

(CCI-none, CCI-low, CCI-moderate and CCI-high). Diabetes
and chronic obstructive pulmonary disease (COPD) were
included as specific comorbid conditions. Laterality as an
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indicator of the severity of OA was considered a potential
risk factor. Structure-related risk factors were length of pri-
mary hospitalization (LOPH) and annual hospital volume.
LOPH was divided into 3 groups (0—3 days, 4—7 days and
8+ days). An LOPH of more than 30 days was considered to
be primarily a registration error and was recoded as 31 days.
The annual hospital volumes were divided into the following
groups: 1-50, 51-100, 101-200, 201-300 and >300 primary
THAS per year based on the number of primary THAs due
to OA in each hospital in the year of the procedure. Surgery-
related risk factors were the duration of surgery, the type of
fixation and the surgery approach. Duration of the primary
procedure was categorized into 3 groups (<60 minutes, >60
to <120 minutes and =120 minutes). The type of fixation was
divided into 6 groups, 3 for each of the implants. The acetabu-
lum cup data were categorized as cemented cups with or
without antibiotics and uncemented cups. The femoral stem
was divided into cemented stems with or without antibiotics
and uncemented stems. The surgery approach was divided
into the posterior approach and anterior/lateral approaches.
Information about the duration of surgery, the type of fixation
and the approach were collected using the DHR.

Mortality

Information on all-cause mortality was obtained from the
CRS. In an attempt to avoid immortal time bias during the
first week (the period where patients develop infections), we
looked at short-term mortality (the number who died between
8 and 90 days postoperation, given that the patient was alive
on day 7) and long-term mortality (the number who died
between 91 and 365 days after surgery, given that the patient
was alive during the short-term interval).

Statistics

We tabulated the characteristics of the study population in total
and in relation to infection. Age and LOPH were described
as medians with an interquartile range (IQR). The risks of
pneumonia and UTI within 7 days of surgery were calculated
as cumulative incidences with 95% confidence intervals (CIs)
and death as a competing risk. A logistic regression model
was used to examine the association between potential risk
factors and pneumonia and UTIs. We estimated an odds ratio
with 95% Cls for each potential risk factor mutually adjusted
for all other potential risk factors. When analyzing the effect
of diabetes and COPD, adjustments were made for all other
diagnoses in the CCI. We calculated the short-term and long-
term risks of mortality using a Cox regression model to obtain
hazard ratios (HRs) for death with 95% CIs comparing THA

patients with and without pneumonia or UTIs. The same
covariates and analog categorization as in the examination of
potential risk factors for infections were used in this analysis
of association between infection and mortality.

The analyses were performed using the Stata Statistical
Software (Release 12.0; StataCorp LP, College Station, TX,
USA).

Ethics

Permission to process personal data was obtained from the
Danish Data Protection Agency (reference number: 2012-
41-0636). In Denmark, patient consent is not required in
register based research; the permission from the Danish Data
Protection Agency is sufficient.

Results

A total of 172 patients (0.2%) developed pneumonia and 235
(0.3%) developed a UTI within 7 days of surgery. In 5 proce-
dures, both infections were present. The number of patients
with infections stratified by demographic characteristics
is shown in Table 1. The median age was 69.8 years (IQR:
62.9-76.2) for patients without pneumonia or a UTI. The
median age for patients with pneumonia was 75.8 years (IQR:
70.2-80.7) and was 74.0 years (IQR: 66.3—79.5) for patients
with a UTI. Of the total population, 56% were females. For
patients with pneumonia, the percentage of females was 42%.
For patients with a UTI, the percentage of females was 71%.
The median LOPH for patients without pneumonia or a UTI
within 7 days of the primary THA was 5 days (IQR: 3-8),
whereas the median LOPH for those with pneumonia was 4
days (IQR: 3—7). For patients developing a UTI, the median
LOPH was 6 days (IQR: 4-8).

The cumulative incidence rates of pneumonia and UTIs
within 7 days of the primary procedure were 0.21 (95% CI:
0.18-0.25) and 0.29 (95% CI: 0.26-0.33), respectively. The
cumulative incidence rate of pneumonia increased during the
study period from 0.10 (95% CI: 0.06-0.15) in 2000-2004
to 0.32 (95% CI: 0.26-0.39) in 2010-2013. For UTIs, the
risk did not significantly differ during the study period and
ranged from 0.25 (95% CI: 0.19-0.32) in 2000-2004 to 0.24
(95% CI: 0.19-0.30) in 2010-2013.

Risk factors for infection

The analyses of risk factors are presented in Table 2. Patient-
related risk factors for pneumonia and UTIs within 7 days
included gender, being 80 years or older and a comorbidity
burden measured with CCI. While age and the comorbidity
burden acted identically in both infections, where an increase
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Table 2 Risk factors for pneumonia and urinary tract infection (UTI) within 7 days of primary total hip arthroplasty

Risk factors Pneumonia within 7 days

UTI within 7 days

Crude OR (95% CI)  Adjusted OR (95% CI)

Crude OR (95% CI)  Adjusted OR (95% CI)

Gender

Female Reference Reference Reference Reference

Male 1.79 (1.32-2.42) 1.85 (1.36-2.53) 0.51 (0.38-0.68) 0.53 (0.40-0.71)
Age (years)

1049 0.13 (0.02-0.90) 0.15 (0.02—1.06) 0.31 (0.10-0.98) 0.33 (0.10-1.04)

50-59 0.42 (0.23-0.75) 0.48 (0.26-0.89) 0.40 (0.23-0.69) 0.41 (0.23-0.73)

60—69 0.33 (0.21-0.51) 0.35 (0.22-0.55) 0.66 (0.48-0.91) 0.69 (0.49-0.69)

70-79 Reference Reference Reference Reference

80+ 1.58 (1.11-2.25) 1.60 (1.11-2.31) 1.44 (1.03-2.00) 1.44 (1.03-2.01)
Comorbidity CCI

CCl-none Reference Reference Reference Reference

CCl-low 2.84 (1.93-4.16) 2.40 (1.62-3.54) 1.36 (0.96-1.93) 1.27 (0.90-1.80)

CCl-medium 2.70 (1.74-4.21) 2.22 (1.42-3.47) 1.57 (1.07-2.30) 1.42 (0.97-2.09)

CCl-high 5.75 (3.80-8.69) 4.32 (2.82-6.61) 1.99 (1.29-3.08) 1.69 (1.08-2.65)
Specific comorbidity

Diabetes® 2.56 (1.75-4.36) 2.11 (1.32-3.35) 1.35 (0.80-2.28) 1.22 (0.72-2.07)

COPD? 4.89 (3.43-6.97) 4.03 (2.80-5.79) 1.33 (0.82-2.15) 1.09 (0.66—1.80)
Laterality

One hip Reference Reference Reference Reference

Both hips 1.07 (0.73-1.59) 1.03 (0.70-1.53) 0.91 (0.64-1.30) 0.96 (0.89-1.86)
LOPH (days)

1-3 Reference Reference Reference Reference

4-7 0.82 (0.58-1.16) 0.71 (0.49-1.01) 1.79 (1.29-2.48) 1.48 (1.05-2.07)

8+ None None None None
Duration of surgery (minutes)

<60 Reference Reference Reference Reference

>60 to <120 1.13 (0.84—1.54) 1.18 (0.84-1.67) 1.81 (1.38-2.37) 1.73 (1.28-2.34)

>120 1.37 (0.50-3.75) 1.65 (0.59—4.63) 4.04 (2.20-7.41) 4.43 (2.35-8.37)
Fixation — acetabulum

Cemented + antibiotics Reference Reference Reference Reference

Cemented — antibiotics 0.26 (0.04-1.92) 1.00 (0.07-15.30) 0.98 (0.40-2.44) 1.56 (0.34-7.14)

Uncemented 0.76 (0.55-1.06) 1.06 (0.69-1.64) 0.75 (0.56-0.99) 1.35 (0.94-1.94)
Fixation — stem

Cemented + antibiotics Reference Reference Reference Reference

Cemented — antibiotics 0.20 (0.03-1.41) 0.25 (0.02-3.82) 0.83 (0.37-1.89) 0.64 (0.16-2.56)

Uncemented 0.73 (0.54-0.99) 0.97 (0.63-1.48) 0.65 (0.50-0.84) 1.16 (0.81-1.65)
Hospital volume (procedures per year)

1-50 0.92 (0.40-2.09) 1.14 (0.50-2.65) 1.36 (0.71-2.60) 1.62 (0.84-3.14)

51-100 0.97 (0.57-1.68) 1.21 (0.68-2.13) 1.39 (0.89-2.17) 1.40 (0.88-2.23)

101-200 0.81 (0.52-1.25) 0.83 (0.52-1.31) 1.56 (1.12-2.16) 1.53 (1.08-2.15)

201-300 1.25 (0.81-1.91) 1.16 (0.74-1.81) 1.48 (1.02-2.16) 1.43 (0.97-2.10)

301+ Reference Reference Reference Reference
Approach

Posterior Reference Reference Reference Reference

Anterior + lateral

0.42 (0.20-0.90)

0.48 (0.22-1.03)

0.40 (0.20-0.77)

0.42 (0.21-0.87)

Notes: Risk estimates involve crude and adjusted odds ratios (ORs) with confidence intervals (Cls) mutually adjusted for all other potential risk factors. Comorbidity
measured with the Charlson Comorbidity Index (CCl). *Reference = not having diabetes or COPD. Adjustments encompassed, in addition to other potential risk factors, all

other comorbid conditions included in the CCI.

Abbreviations: COPD, chronic obstructive pulmonary disease; LOPH, length of primary hospitalization.

in age or comorbidity burden increased the risk of infection,
gender acted differently. Male gender was a risk factor for
pneumonia and female gender was a risk factor for UTIs.
Both diabetes and COPD were risk factors for pneumonia
but not for UTIs. No association between laterality and the
risk for UTIs or pneumonia was observed.

Few surgery or structural related risk factors were iden-
tified as risk factors for UTI. Duration of surgery of more
than 60 minutes and a posterior approach increased the risk
of UTIL. LOPH of more than 3 days and a hospital volume
between 101 and 200 procedures per year acted as risk fac-
tors for UTL.
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Table 3 Short-term (8-90 days following primary procedure) and long-term (91-365 days following primary procedure) mortality
risks with corresponding hazard ratios (HRs), comparing patients with either pneumonia or urinary tract infection (UTI) with those

without pneumonia or UTI

Infections Patients at risk, n

Mortality, n (%)

Crude HR (95% CI) Adjusted HR (95% CI)

Short-term mortality, 8-90 days

Without pneumonia 84,532 312 (0.37)
Pneumonia 167 14 (8.38)
Without UTI 84,465 324 (0.38)
UTI 234 2 (0.85)
Long-term mortality, 91-365 days

Without pneumonia 84,220 860 (1.02)
Pneumonia 153 7 (4.58)
Without UTI 84,141 861 (1.02)
UTI 232 6 (2.59)

1.00 (reference)
19.21 (10.53-35.06)
1.00 (reference)
2.28 (0.57-9.15)

1.00 (reference)
10.67 (5.79-19.57)
1.00 (reference)
1.64 (0.41-6.59)

1.00 (reference) 1.00 (reference)

4.60 (2.18-9.67) 2.56 (1.21-5.39)
1.00 (reference) 1.00 (reference)
2.56 (1.14-5.70) 1.84 (0.824.12)

Notes: HR estimates are presented with 95% confidence intervals (Cls). Adjustments are made for gender, age, comorbidity, laterality, length of stay, duration of surgery,

type of fixation, annual hospital volume and surgical approach.

0.301 —— No infection within 7 days
o --—- UTl within 7 days
% ~-Pneumonia within 7 days
o 0.20
ey
2
c
S |
§ 00—
S
D_ _______________________ -
O — =
0 50 100 150 200 250 300 350

Days after THA

Figure 2 The cumulative mortality between 8 and 365 days after a total hip
arthroplasty (THA) in patients whom did or did not develop an infection (pneumonia
or urinary tract infection [UTI]) within 7 days of the primary THA.

Mortality

Within the first 7 days of the primary THA, 113 patients died.
Of'those, 5 had pneumonia and 1 had a UTL. In total, 326 THA
patients died between 8 and 90 days. Of those who died, 14
died after developing pneumonia and 2 died after developing
a UTL The short- and long-term mortality risks and corre-
sponding HRs are given in Table 3. The cumulative mortality
within 7 days of the primary THA is illustrated in Figure 2.

Discussion
Being 80 years or older and having a comorbidity burden at
the time of surgery were risk factors for both pneumonia and
UTIs. In addition, we identified male gender, diabetes and
COPD as risk factors for pneumonia, and female gender, an
LOPH of more than 3 days, prolonged duration of surgery
and a posterior approach as risk factors for UTIs. Pneumonia
within the first week of a THA was a risk factor for increased
mortality up to 1 year after surgery.

Major strengths of this study were the size and the use of
valid public medical registers and administrative databases.
Because of the public health care system in Denmark, we

examined patient characteristics in an unselected popula-
tion. However, an information bias in relation to pneumonia
and UTIs may still be present. Despite compulsory and
reimbursement related registration in the DNPR, deficient
coding during the primary hospitalization is possible but
presumably not related to both the covariates and mortality.
The risk estimates of pneumonia and UTIs found in our study
can be considered as conservative estimates. Only cases
diagnosed during a primary hospitalization of 7 days or less
and cases requiring readmission within 7 days were included.
Pneumonia and UTIs treated by the patients’ local general
practitioner (GP) were not included. With a median LOPH
of 3 days during the total study period, there are presumably
cases of pneumonia and UTIs in this category.
Comparisons of the cumulative incidence rates of pneu-
monia and UTIs after THA across studies are hampered
by differences in study populations, study designs, study
periods, and definitions of pneumonia and UTIs. In a large
register base cohort study, Bozic et al found that pneumonia
within 7 days of admission occurred in 0.9% of 250,000
THA patients who were 65 years or older registered in the
Medicare Enrollment Database.? This rate is several times
larger than the incidence observed in our study. The dif-
ference may, at least partially, be explained by differences
in the study populations and variations in the registration
practice and in the definitions of pneumonia. A comparable
incidence of pneumonia was found by Huddleston et al.?
Here, the authors found a 0.3% incidence rate of pneumonia
during index hospitalization in 1,809 Medicare beneficiaries
treated with THA when studying risk factors for a series
of medical adverse events, including both pneumonia and
UTIs.? For UTIs during index hospitalization, Huddleston
et al found an incidence of 2.0%.* The incidence of UTIs

observed in the present study was lower. It is very likely
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that UTIs during the index hospitalization in our study
are unrecorded. UTIs may, in many cases, manifest after
discharge and therefore under the auspices of the patients’
GPs. Another explanation may be differences in how a UTI
was defined and how the data were captured. In the study
by Huddleston et al, UTI was defined based on cultures
and registered during a surveillance project determining
the rates of adverse events.> A specific focus on adverse
events may have led to an increased number of identified
UTIs in the study by Huddleston et al.

Both internationally and in the Danish context, there
has been an increase in the incidence of pneumonia-related
hospitalizations.'>* In a Danish study, Segaard et al found
an increase in the proportion of first-time pneumonia-related
hospitalizations after any surgical procedure within 30 days
prior to the pneumonia admission.'? The difference in the
proportions amounted to 2.5% — from 3.9% in 1997-2001
t0 6.6% in 2007-2011.'2 A direct comparison with the find-
ings by Segaard el al is difficult and primarily hampered
by the difference in surgical procedures. However, we also
observed an increase in pneumonia cases during the study
period. Our findings indicate that THA patients are at a lower
risk of pneumonia than surgically treated patients, in general.
However, the tripling in the number of pneumonia cases may
indicate that the direct relationship between pneumonia and
THA is a growing challenge and, therefore, further research
in this field is needed.

Age and comorbidities were of importance in predicting
both pneumonia and UTIs after THA. It is well known that
age and comorbidities act as risk factors for both infec-
tions.”*'? In relation to gender, our results are in agreement
with what is seen in the general population; male gender is a
risk factor for pneumonia and female gender is a risk factor
for UTIs.”'>!3 An LOPH of more than 3 days was identified
as arisk factor for UTIs. Long hospitalizations may increase
the risk of nosocomial infections but reverse causation cannot
be ruled out. Frail patients have an increased risk of infections
and therefore a prolonged hospitalization. The association
between a shorter surgery duration and a reduced risk of
UTIs after THA found in our study can be explained by the
patients’ earlier mobilization. In addition, shorter surgery
duration may be related to the shorter use of catheters, which
would reduce the risk of UTIs. We expected that prolonged
surgery durations would be a risk factor of pneumonia. We
do not have any clear explanations for this “missing” asso-
ciation aside from simple chance or early mortality in the
most fragile patients before the development of pneumonia.
In the unadjusted analyses, the posterior approach was a risk

factor for both pneumonia and UTIs. After adjustments, only
UTIs were affected. A reason for this phenomenon, although
hypothetical, may be that the posterior approach requires
a lateral position during surgery. A static lateral position
over a prolonged period of time may affect both the respira-
tory passages and the lower urinary tract. Interestingly, our
findings suggest a reverse association between the hospital
volume and the risk of UTTs, although this relationship is not
significant for all volume groups. One reason for this finding
may be the more pronounced use of routine catheterization
in large-volume hospitals.

Immobilization and catheterization during primary hos-
pitalization may unquestionably be seen as independent risk
factors. We know that enhanced recovery programs with the
stated objective of mobilization within 4 hours after surgery
are widely implemented in Denmark.? Despite this objective,
THA patients of increased age and with a high comorbid-
ity burden may be subjects of delayed mobilization, which
affects the risk of both pneumonia and UTIs. Catheterization
with both indwelling catheters and intermittent catheters is
used in orthopedic departments in Denmark, but the extent
is unknown, and more information on the use of catheteriza-
tion is very much needed. Transfusion, American Society of
Anesthesiologists physical status classification, body mass
index and smoking could be additional relevant covariates
in relation to both pneumonia and UTIs.?**® Unfortunately,
information about these covariates was neither available in
the DHR or the administrative databases nor obtained when
planning the study.

Our findings of high mortality in patients who developed
pneumonia may suggest that patients developing pneumonia
within the first week after a THA are much more fragile and
of worse general condition than patients without pneumo-
nia, despite having the same risk pattern in relation to age,
gender and their comorbidity burdens at the time of surgery.
The increased long-term risk of mortality when develop-
ing pneumonia further emphasizes this hypothesis. After
adjustments for gender, age and comorbidities, a 10-fold
relative mortality risk in patients with pneumonia compared
to patients without pneumonia seems strikingly high. Even
though selection bias and unmeasured confounding partially
explain this result, the finding calls for individual risk strati-
fication before a THA. This may include involving a patient’s
history of pneumonia and COPD in the risk assessment before
a THA and increased awareness about when pneumonia is
developed. If a patient has a history of pneumonia or COPD,
they may require special care during the hospitalization and
early rehabilitation periods.
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Conclusion

The risks of pneumonia and UTIs within 7 days of the primary
procedure were in general low; only approximately 5 out of
1,000 THA patients developed one of these infections. Age,
gender and a comorbidity burden at the time of the primary
procedure were the most important risk factors for pneumo-
nia and UTIs. Pneumonia was associated with an increased
mortality rate up to 1 year after surgery, despite adjusting
for a number of potential confounders, including coexist-
ing comorbidities before surgery. In particular, pneumonia
may be a marker of increased fragility and unmeasured
comorbidities.
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