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Abstract
Background: Quality and experience with providing specialized surgical treatment are related. The 
objective of this study was to explore to what extent quality as indicated by discharge destination, 
the length of stay and risk of 30-day readmission are associated with the volume of hip replacement 
procedures in Irish public hospitals.

Methods: Data on hospital discharges with elective hip joint replacement were obtained for 2011-
2016. Multivariate regression models assessed the variation in discharge destination, length of stay 
and 30-day readmission in public hospitals with high and low (less than 35 procedures annually) 
volume of patients. Sensitivity analysis tested the robustness of the results by including only patients 
with total hip joint replacement, only patients with arthropathy as the primary diagnosis, and 
patients without any recorded comorbidity.

Results: The case-mix of patients at low volume hospitals was different in gender, mean age, revision 
and comorbidity. After adjustment for these factors low volume hospitals appeared to discharge 
more patients to other hospitals or nursing homes, had longer length of stay and higher rates of 
30-day readmission. These findings were robust when patients with partial or revision procedures, 
non-arthropathy diagnosis and known comorbidity were excluded.

Conclusion: Low volume hospitals appear to provide hip joint replacement treatments with poorer 
outcomes than high volume hospitals after adjusting for potentially more complex case-mix of 
patients.
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Key Points
•	 Elective	hip	joint	replacement	has	during	2011-2016	been	performed	at	21	Irish	hospitals.

•	 Hospitals	with	low	patient	volume	(less	than	35	replacements	per	year)	discharge	more	
patients to other hospitals and nursing homes, have longer length of stay, and higher readmission 
rates after adjustment for known covariates relating to demographics, diagnose and comorbidity.

•	 The	reported	results	provide	indications	for	different	hip	joint	procedures	at	hospitals	with	
high and low volume of patients, and that concentration of services could standardize admission 
criteria and improve outcomes from patient treatment.

Introduction
“Cleachtadh a dhéanannmáistreacht” is the Irish version of the old proverb “practice makes 

perfect” and evokes an idea that trials and tribulations of repeated efforts is needed to learn a new task, 
and	that	these	repeated	efforts	are	needed	to	maintain	a	sufficient	skill	level.	Hip	joint	replacement	
(arthroplasty) is a highly successful surgical procedure that provides immense improvement in 
patients’ pain experience, functional ability, and quality of life. In Ireland, 2011 annual rate of hip 
joint replacements for individuals aged 65 and over was 101 per 100,000 [1]. The technological 
development of hip joint replacement procedures began nearly a century ago and is still on-going 
with clinical outcomes and implant functioning improving over time. There is now a greater than 
90% revision-free implant survival at ten years, and greater than 80% probability that the prostheses 
survive for more than 25 years [2-4]. Many of these developments have proven to be cost-effective, 
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and the general perception of hip joint replacement procedures is that 
they provide high quality outcomes. Due to the high satisfaction of 
patients and the overall improved quality of life after surgery, total 
hip arthroplasty has been described as “the operation of the 20th 
Century” [5].

The skills and techniques required to provide these procedures 
are highly specialized and require continuously development and 
maintenance. Specialized competences are required for proper 
assessment of the most appropriate procedure to patients, the 
preparation before the surgery, the actual surgical procedure, and 
the after-care and rehabilitation activities. In that respect, successful 
outcomes from hip replacements require a team effort, and all phases 
in the patient trajectory should be optimized to maintain efficiency 
and achieve high quality outcomes. We hypothesize that procedures 
in all these phases need to be performed on a regular basis to maintain 
a sufficient level of competency and efficiency.

There is currently a shortage of systematic reporting systems at a 
national level in Ireland. All public hospitals are required to provide 
administrative	data	to	the	national	Hospital	Inpatient	Enquiry	(HIPE)	
system. Regular reporting of these data allows clinical departments 
to compare specific features of their own surgical production with 
other similar hospital departments. Such performance comparisons 
enable the managers of individual hospitals to identify potential 
areas	for	efficiency	improvements.	However,	the	lack	of	data	relating	
to quality, outcome (in contrast to output), and costs represent a 
major challenge for the development of usable clinical quality data. 
Initiatives have been taken to develop audit databases that include 
measures of treatment quality and patient outcome [6], although 
such systems have only been implemented in few hospitals. The 

Irish National Orthopaedic Registrar is currently being set up to 
address	this	problem	and	will	be	fully	operational	by	2019.	However,	
currently national assessments of variation in treatment quality and 
patient outcomes are therefore not readily available. As most hip 
joint replacement procedures are provided to patients who have been 
referred to a waiting list and have been clinically assessed prior to the 
procedure, it is obvious to use a standardized care regime to ensure 
low variation in clinical quality and outcomes. This could suggest 
that process measures such as discharge destination, duration of the 
hospital stay, and the rate of readmissions after 30 days should be 
relatively similar across the different hospital departments, and that 
potential variations may largely relate to variation in practice and 
organization of services more than features of the individual patients. 
The frequency of procedures conducted within a hospital department 
may be an important characteristic of the clinical organization. A high 
volume of procedures may offer better opportunities for standardizing 
the patient trajectory, utilize and develop specialist knowledge and 
generally explore scale efficiencies. The relation between volume and 
quality of care has been explored previously, and several studies have 
shown that higher-volume institutions are associated with better 
outcomes, including lower mortality and complications rates [7,8]. A 
positive association has been found between the volume of hip joint 
replacements and overall clinical quality, as defined by Irish pay-for-
performance programs [9].

The surgeon volume and the hospital volume have been suggested 
to be the best indicators of adverse orthopaedic events in patients 
undergoing	THR	surgery	[10].	Upon	analysis	of	 total	hip	and	knee	
arthroplasties separately, these results confirmed the relationship 
between hospital and surgical volume and patient outcomes [11,12].

 
High volume hospitals Low volume hospitals

p-value
n=21037 n=811

Male (%) 11110 (52.8%) 470 (58.0%) <0.01

Age (mean (sd)) 65.7 (11.9) 68.2 (13.7) <0.01

Procedure    

  Total arthroplastry 19216 (91.3%) 627 (77.3%) <0.01

  Partial arthroplastry 16 (<0.1%) 16 (2.0%) <0.01

  Revision 1805 (8.6%) 168 (20.7%) <0.01

Diagnosis    

Arthropathies 19080 (90.7%) 530 (65.4%) <0.01

  Complications of med&surg care 1594 (7.6%) 132 (16.3%) <0.01

  Other 363 (1.7%) 149 (18.4%) <0.01

ASA-score (mean, (sd)) n=14.299 (65.5%) 2.1 (0.60) 2.5 (0.61) <0.01

Charlson comorbidity    

  No comorbidity 19604 (93.2%) 690 (85.1%) <0.01

  Index score (mean(sd)) 0.1 (0.4) 0.3 (0.9) <0.01

Discharge destination    

  Home 18262 (86.8%) 427 (52.7%) <0.01

  Other hospital 746 (3.6%) 246 (30.3%) <0.01

  Nursing home 2016 (9.6%) 136 (16.8%) <0.01

Length of stay (mean (sd)) 6.2 (7.3%) 12.3 (16.4) <0.01

Readmissions within 30 days 507 (2.4%) 36 (4.4%) <0.01

Table 1: Descriptive analysis of patients with elective hip joint replacement at hospitals with high and low patient volume (<35 procedures per year), number of patients 
(%), 2011-2016 (n=21848).
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Singh et al. found that total hip replacement procedures performed 
at low volume hospitals (<200 arthroplasties/year) were associated 
with significantly higher adjusted risk of pulmonary embolism within 
30-days	 and	 higher	 1-year	 mortality	 [13].	 However,	 until	 now	 no	
such studies have been performed using national data from Ireland. 
The objective of this study was to explore to what extent quality as 
indicated by discharge destination, the length of stay, and risk of 30-
day readmission are associated with the volume of hip replacement 
procedures in Irish public hospitals.

Methods
Data material

The National Quality Assurance Intelligence System - Surgery 
(NQAIS) is an online analytical tool which uses data for patients 
discharged following a surgical procedure. The system holds 
individual-based patient data for different surgical specialties at 
procedure level for all Irish public hospitals [14]. Surgical procedures 
are described by a primary code and up to 19 secondary codes. Data on 
patients who have undergone a hip joint replacement during January 
2011 until December 2016 were extracted from NQAIS (n=23,770) 
using the predefined procedure category for hip arthroplasty which 
comprise	 of	 the	 following	 procedure	 codes:	 4931500	 “Partial	 hip	
arthroplasty” (n=241); 4931800 “Total hip arthroplasty” (n=20833), 
and 4932400” Revision of total hip arthroplasty” (n=2696). The 
extraction included hospital discharges coded as day cases (0.1%), 
elective (92.2%) and acute inpatients (7.7%), and patients who were 

admitted as elective (98.0%) or emergency (2%). We excluded day 
case and acute inpatients (n=1849) from the study sample and kept 
only elective inpatients (n=21.921). These discharges were admitted 
at 21 hospitals which remain anonymized in this study.

For each hospital discharge we obtained data on patients’ age, 
gender, hospital, diagnoses, discharge destination, length of stay, 
and readmission within 30 days of discharge. Based on the 30 
possible diagnostic ICD-10 codes we used the Charlson comorbidity 
categorization to construct17 different groups of comorbidities 
[15,16]. As most patients were admitted due to rheumatic diseases we 
excluded this as a comorbidity category.

Analysis
Hospitals	 were	 grouped	 into	 low	 and	 high	 volume	 hospitals	

depending on the number of procedures performed. Low volume 
hospitals were defined with less than 35 procedures per year and 
high volume hospitals with more procedures. Nine hospitals were 
identified as low volume hospitals. We excluded from the analysis 
three hospitals with a total of four, 28 and 41 discharges with hip joint 
replacements during the 6-year period.

Descriptive analysis of the 6-year study population considered 
difference between low and high volume hospitals by gender, age, 
principle procedure, principle diagnosis, Charlson comorbidity 
category, discharge destination, length of stay and readmission within 
30 days. Differences between hospitals with low or high volume in the 
categorical variables were tested using Chi-squared test and t-test for 

Variable Discharged to
Length of stay Readmission

 Home Other hospital Nursing home

 Logistic regression Gamma regression Poisson regression

Low volume hospital -1.761*** 2.365*** 0.449*** 5.324*** 0.506**

Comorbidity:  
1.895*** 0.144 2.382  

Acute Myocardial Infarction -1.196**

Congestive Heart Failure -1.456** 1.328* 0.94 5.416*  

Peripheral Vascular Disease -1.013 1.748 -0.172   

Cerebrovascular Disease -2.128*** 2.175*** 0.812 7.809  

Dementia -2.25 0.802 1.39 9.462  

Chronic Pulmonary Disease -0.588** 0.753* 0.389 2.925  

Rheumatologic Disease -0.899*** 1.130** 0.429   

Diabetes without complications -0.368** 0.549** 0.214 -0.696***  

Diabetes with chronic complications -0.804*** 0.704*** 0.677***   

Hemiplegia or Paraplegia -2.798* 2.745 1.874 74.918  

Renal Disease -0.322 0.913* -0.65 1.274  

Metastatic Carcinoma -1.763* 1.610* 0.2 9.729  

Age    0.170** -0.12 -0.239*** 0.115 -0.043

Age2 -0.003*** 0.003 0.005*** -0.003* 0.001

Age3 0.000** 0 -0.000*** 0.000*** 0

Male     0.408*** -0.239*** -0.436*** -0.237** 0.286***

Constant 1.143 -3.306 -0.343 3.133** -3.562*

Log-likelihood    -7809 -3525 -6315 -61766 -2521

Akaike's information criterion    15654 7085 12666 123563 5055

Bayesian information criterion 15797 7229 12809 123691 5103

Table 2: Final Model Estimates.

Notes: Chx indicate Charlson comorbidity group; *p<0.05; **p<0.01; ***p<0.001.
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continuous variables. The raw proportion of patients discharged to 
home, other hospitals, and nursing home, the mean length of stay, 
and the raw proportion of readmissions were presented graphically 
by each hospital’s annual patient volume. Trends over time for 
these quality indicators were tested using logistic regression for the 
dichotomous variables and with least squares regressions of the 
log-transformed length of stay variable both with year as a single 
continuous variable.

Using	 generalized	 linear	 regression	 we	 tested	 different	
specification of models to describe the variation between discharge 
destination, length of stay and readmission and used graphical 
inspections of residuals and log-likelihood tests to identify the 
specification with the best fit to the data. To counter for potential 
covariance	between	yearly	observations	at	hospitals	we	used	Huber-
White robust estimation specification in all regression analyses. 
We firstly tested the specification of demographic variables and 
included age, age to the power of two and three in combination with 
gender. Secondly, we tested whether inclusion of dichotomous year-
variables could provide significant parameters. Thirdly, we tested the 
association between the Charlson comorbidity categories and the 
dependent variables. Charlson comorbidity categories with estimated 
p-values less than 0.1 were included as independent variables in the 
model. This meant that different comorbidity categories were included 
in the different models. We then estimated models with the best 

specifications of the demographic, year and Charlson comorbidity 
variables. We considered these models to provide the best fit to the 
data. Finally, we included a categorical variable for hospital volume 
(less than 35 procedures annually) as our key variable of interest. The 
final estimated models are presented in Table 2.

For the discharge destination data the best fitting models were 
logistic regressions. The length of stay data was best fitted with a 
model assuming gamma link specification, while readmissions were 
best fitted with a negative binomial link specification. Demographic 
variables included age to the power of one, two and three, gender. 
No interaction between gender and age variables were statistical 
significant. Dichotomous variables for year were included for 
the	 discharge	 and	 length	 of	 stay	 models.	 Using	 the	 final	 model	
specifications we assessed the marginal difference between low 
and high volume hospitals, and presented the mean difference in 
proportions of patients and mean length of stay, estimated 95% 
confidence intervals, and the ratio between the two ratios/means.

In sensitivity analyses we tested the validity of the results with 
different restrictions imposed on the patient population. First, we 
included only patients who underwent a total hip replacement 
procedure (i.e. not partial or revision procedure), secondly only 
patients with arthropathy as the primary diagnosis (M00-M25), 
thirdly only patients with no Charlson comorbidity, fourthly only 

OR discharge to 
home

OR discharge to other 
hosp.

OR discharge to 
nursing home

Mean length of 
stay

IRR 30-day 
readmission

Baseline (n=21,848) 0.17 (0.15-0.20) 10.64 (8.88-12.75) 1.57 (1.27-1.93) 5.32 (4.32-6.32) 1.66 (1.18-2.32)

Only pts with total hip replacement (n=19,843) 0.15 (0.13-0.18) 11.40 (9.30-13.98) 1.76 (1.40-2.23) 4.96 (3.88-6.03) 1.49 (1.00-2.23)
Only pts with arthropathies diagnose 
(n=19,610) 0.15 (0.13-0.19) 11.60 (9.34-14.38) 1.62 (1.27-2.09) 4.50 (3.65-5.35) 1.50 (0.98-2.32)

Only pts without Charlson comorbidity 
(n=20,294) 0.16 (0.13-0.19) 11.23 (9.26-13.61) 1.68 (1.35-2.10) 5.75 (4.61-6.89) 1.83 (1.29-2.59)

Only total hip replacement with arthropathies 
diagnose and no comorbidity (n=17,869) 0.14 (0.11-0.18) 12.66 (9.97-16.05) 1.84 (1.41-2.43) 4.85 (3.81-5.90) 1.69 (1.07-2.69)

Include ASA score as covariate (n=14,299) 0.22 (0.19-0.27) 8.53 (6.97-10.46) 1.22 (0.98-1.54) 4.92 (3.90-5.94) 1.69 (1.18-2.40)

Table 3: Sensitivity analysis: Estimated differences in discharge destination, length of stay and 30-day readmission rate for hospitals with high and low patient volume. 
Measure of difference and 95% confidence intervals.

Notes: OR indicates odds-ratio; IRR indicates incidence-rate ratio
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Figure 1: Discharge destination. Proportion of patients discharged to home, other hospital or nursing home by annual number of patients with hip joint replacement, 
2011-2016.
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patients with all the above restrictions, and fifthly when ASA score 
was included as a covariate. There were 170 patients with length of 
stay longer than 30 days (mean 66 days, max 522). We further tested 
the robustness of the length of stay model by truncating the length 
of stay for these patients to 30 days, and whether the length of stay 
for patients discharged to hospitals and nursing homes were different 
for hospitals with high and low patient volume. For the model of 30-
day readmissions we excluded hospitals with no (one hospital) or few 
readmissions (<5 patients at four hospitals).

Results
A total of 21,848 discharges were included in the analysis. Table 

1 summarizes the patient characteristics by hospitals with large or 
low volume of patients. The case mix of patients were different for 
the two groups of hospitals with low volume hospitals having older 
patients, a higher proportion of male patients, more patients with 
complication after medical or surgical care, with ‘other diagnoses’, 
revision	 procedures,	 and	 comorbidity.	 Patients	 from	 low	 volume	
hospitals were more likely to be discharged to another hospital or to a 
nursing home, their length of stay was longer, and they had a higher 
rate of 30-day readmissions. The proportion of patients discharged 
to home, other hospitals or nursing homes are shown together with 
the annual number of patients discharged for each hospital in Figure 
1. Figure 2 shows the average length of stay and the rate of 30-day 
readmissions.

The rate of discharge to home was unchanged (p=0.20) during 
2011-2016. The rate of discharge to other hospitals increased from 
0.031 to 0.050 (10% per year; p<0.01), and the rate of discharge to 
nursing homes reduced from 0.118 to 0.091 (-6.5% per year; p<0.01). 
A negative trend could be observed in mean length of stay with a 
reduction from 8.0 days in 2011 to 5.8 days in 2016 (annual reduction 
by 7.4%; p<0.01). The readmission rate increased insignificantly 
during the 6-year period from 0.021 to 0.028 (4.8% per year; p=0.07).

The final regression models are shown in Table 2. The estimated 
parameters for low volume hospitals were statistically significant in all 
models suggesting that here is a statistically significant difference in all 
five dependent variables after adjustments for patients’ demographic 
characteristics, year (only discharge destination and length of stay) 
and comorbidity. In comparison with high volume hospitals the 
adjusted odds-ratio for low volume hospitals to discharge patients 
at home was 0.17 (95% CI 0.14-0.29), and the adjusted odds-ratio 
for discharging patients to other hospitals or nursing homes was 
10.6 (95% CI 8.88-12.75) and 1.57 (95% CI 1.27-1.93) (Table 3). The 
adjusted mean length of stay at low volume hospitals was 5.3 (95% CI 
4.3-6.3) days longer than at high volume hospitals, and the incidence-
rate ratio of readmissions for low volume hospitals was 1.66 (95% 
1.18-2.32).

Restricting the study population to patients with total hip 
replacements only, arthropathies as primary diagnosis, and without 
Charlson comorbidity alone or combination did not alter the 
direction or size of the estimated group differences (Table 3). When 
we included ASA score as a covariate the sample size reduced 
dramatically reflecting that valid scores were only available for 
65% of the discharges. There was a noticeable difference in the rate 
of discharge to hospitals and nursing homes, and the mean length 
of stay which reflects that the ASA score may has strong predictive 
power.	However,	inclusion	of	this	variable	did	not	alter	the	direction	
of the differences between high and low volume hospital, and the 

differences remained statistically significant with the exception of the 
odds-ratio for discharge to nursing home that became insignificant 
(p=0.06).

When we truncated the length of stays over 30 days to 30 days, the 
difference in mean length of stay reduced from 5.3 days to 4.2 days 
(p<0.01). Both the mean and median length of stay for patients with 
stays longer than 30 days were similar for the two groups of hospitals. 
We further tested the difference in mean length of stay for patients 
who were discharged to other hospitals and nursing homes. The raw 
mean length of stay was 7.8 days (n=746) for discharges referred to 
other hospitals at high volume hospitals and 11.6 days (n=246) at low 
volume hospitals. In the adjusted analysis the difference reduced from 
5.3 days to 3.7 days (p<0.01). The mean length of stay for discharges 
to nursing homes at high volume hospitals was 8.3 days (n=2016) and 
16.1 days (n=136) at low volume hospitals, and the adjusted stratified 
difference increased to 6.1 days (p>0.01).

When data from the hospitals with no or few readmissions were 
removed the difference between low and high volume hospitals 
became insignificant.

Discussion
This study has explored the relationship between the volume 

of surgical treatment, discharge destination, length of stay and 
readmission rates. The analysis indicates that hospitals that conduct 
few hip joint replacements more often discharge patients to 
other hospitals or nursing homes have later discharges and more 
readmissions. This pattern is consistent with several international 
studies that have shown a similar relationship between volume 
of work and high quality outcomes in healthcare in terms of 
complications and mortality, particularly for surgery [11,12,17,18]. 
Low volume providers of total hip replacement procedures have 
previously been found to be associated with longer length of stay [19-
21].	Providers	with	low	volume	have	also	been	associated	with	higher	
surgical readmission rates and 30-day mortality [22]. This study has 
confirmed that a pattern between volume and quality of treatment 
also exists in Ireland. Discharge to home after a short hospital stay 
and without need for readmissions should be a priority for clinical 
managers, policy makers and health politicians. The opposite 
represents poor treatment quality and inefficient use of resources.

This study has identified that 21 different hospitals have provided 
elective hip joint replacements. Three of these hospitals were excluded 
from this analyse due to low number of discharges with could 
suggest	misclassification	or	wrong	data	coding.	However,	further	six	
hospitals provided less than 35 annual hip joint replacements. Such 
low volume of specialized patient treatment should cause concern 
relating to inferior treatment quality and poor use of resources. 
This not only relates to the quality of the surgical procedure but to 
the whole organization of care for this patient group including the 
assessment of clinical indications for the procedure, the preoperative 
assessment and preparation of patients and the important post-
operative	rehabilitation	phase.	Hospitals	that	perform	higher	volume	
of procedures may have better opportunities to develop routines and 
procedures that can prevent postoperative complications and identify 
when patients are ready for discharge, and engage in readmission-
prevention strategies.

These results clearly show the need of discussions on the 
regionalization of orthopaedic procedures, something that has already 
been discussed by the Irish Institute of Trauma and Orthopaedic 
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Surgery (IITOS) [23]. The IITOS recommends 7 major orthopaedic 
centres throughout the country with 25 surgeons in each. This would 
give a ratio of approximately 1 surgeon per 24,000 populations. 
Each	centre	should	have	at	least	Level	2	Trauma	capabilities,	with	a	
separate elective hospital capable of dealing with adult and paediatric 
orthopaedics. This organization of hospitals would result in a higher 
quality of care being provided as more specialized orthopaedic 
surgeons would be providing the surgical services that are needed 
[23]. This concept suggests a more centralized provision of care, with 
a few centres of excellence providing high quality care in the country.

Centralization may be a contentious topic. Given the large current 
volume of total joint replacement procedures, with the expectation 
that this figure will increase in the future, centralization could 
reduce	 additional	 mortality	 and	 morbidity	 [24].	 However,	 while	
centralization has improved patient outcomes in trauma care [25] 
mortality after joint replacement procedures remains low. Therefore, 
it must be assessed whether centralization of orthopaedic surgery 
would be beneficial, economically and practically in the future.

Modern technology and instrumentation along with standardized 
surgical methods combine to make total hip arthroplasty a highly 
predictable, cost-effective reconstruction procedure [22]. Due to such 
standardization it is perhaps surprising that there is such a variation 
in the quality of service provided in different hospitals across Ireland. 
The variations in LOS and readmission have cost implications and 
ineffective use of resources has consequences on health and quality 
of life.

It might be relevant to further explore which specific factors 
explain the outcome difference between high and low volume 
providers. Few investigations have assessed differences in specific 
clinical processes of care, especially those known to affect outcomes. 
One study showed that approximately one third of the mortality 
difference between high and low volume hospitals for acute 
myocardial infarction could be attributed to more frequent use of 
proven-effective medications at high-volume hospitals [26]. While 
hip replacement surgery is a standardized procedure, different 
hospitals might have different specific treatments and different after-
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Figure 2: Average length of stay and 30-day readmission rates by annual number of patients with hip joint replacement, 2011-2016.

care programs for their patients. These differences could contribute 
to the variation of care.

Strength and Weakness
A major strength of this study is the application of national 

data for a 6-year period which appears to be stable in relation to the 
number of hip replacements performed. It utilizes individual patient 
data and allowed adjustment of the variation in patients undergoing 
these procedures.

The results should be interpreted with the following limitations 
in mind. The data contains only information about patients treated 
at public hospitals. Based on a household survey carried out by 
the Central Statistics Office in 2010, it is estimated approximately 
15% of all hospital in-patient activity in Ireland is undertaken in 
private	 hospitals	 [27].	 However,	 this	 is	 only	 an	 estimate	 and	 we	
have no access to data that indicate the true numbers of procedures 
performed in each hospital. We are relying on administrative data, 
which has potential inconsistencies in documentation and missing 
information on key variables, such as body mass index and patient-
reported outcomes, including pre-operative and post-operative 
pain, functional status, quality of life, and satisfaction. There is also 
a difficulty in determining the accuracy in some of the coding, in 
particular, readmission. The lack of a unique national patient number 
makes it impossible to determine if a patient discharged from one 
hospital have extended their hospital stay at another hospital.

Some commentators have questioned the use of readmission rates 
as a measure of quality of care. Due to the inability to match discharges 
for patients across different hospitals the true readmission rate might 
be under-reported. It has also been suggested that readmission 
relates to social and clinical factors that may be unrelated to hospital 
care. While unable to adjust for social factors in this study, we have 
adjusted for gender, age and comorbidity which may be interpreted 
as imperfect proxies for social and clinical factors. The unplanned 
readmission rate is a national key performance indicator reported by 
the	UK	department	of	Health	[28].	However,	variable	in	its	raw	form	
may not be a good quality indicator due to lack of accuracy related 
unrelated admissions occurring within the specified time-frame [28].



Jan Sorensen, et al., Open Journal of Public Health

Remedy Publications LLC. 2019 | Volume 1 | Issue 1 | Article 10037

Acknowledgement
We gratefully acknowledge our discussions about this analysis 

with	Ken	Mealy,	Gerri	Gallaher	and	David	Moore.

References
1. Pabinger	 C,	 Geissler	 A.	 Utilization	 rates	 of	 hip	 arthroplasty	 in	 OECD	

countries. Osteoarthritis Cartilage. 2014;22(6):734-41.

2. Berry	 DJ,	 Harmsen	 WS,	 Cabanela	 ME,	 Morrey	 BF.	 Twenty-five-year	
survivorship of two thousand consecutive primary Charnley total hip 
replacements: factors affecting survivorship of acetabular and femoral 
components. J Bone Joint Surg Am. 2002;84-A(2):171-7.

3. Callaghan	JJ,	Templeton	JE,	Liu	SS,	Pedersen	DR,	Goetz	DD,	Sullivan	PM,	
et al. Results of Charnley total hip arthroplasty at a minimum of thirty 
years. A concise follow-up of a previous report. J Bone Joint Surg Am. 
2004;86-A(4):690-5.

4. Pivec	 R,	 Johnson	 AJ,	 Mears	 SC,	 Mont	 MA.	 Hip	 arthroplasty.	 Lancet.	
2012;380(9855):1768-77.

5. Learmonth ID, Young C, Rorabeck C. The operation of the century: total 
hip replacement. Lancet. 2007;370(9597):1508-19.

6. National Office of Clinical Audit. Irish National Orthopedic Register.

7. Doro	C,	Dimick	J,	Wainess	R,	Upchurch	G,	Urquhart	A.	Hospital	volume	
and	inpatient	mortality	outcomes	of	total	hip	arthroplasty	in	the	United	
States. J Arthroplasty. 2006;21(6 Suppl 2):10-6.

8. Shervin	 N,	 Rubash	 HE,	 Katz	 JN.	 Orthopaedic	 procedure	 volume	 and	
patient outcomes: a systematic literature review. Clin Orthop Relat Res. 
2007;457:35-41.

9. Sibley	 RA,	 Charubhumi	 V,	 Hutzler	 LH,	 Paoli	 AR,	 Bosco	 JA.	 Joint	
Replacement	 Volume	 Positively	 Correlates	 with	 Improved	 Hospital	
Performance	 on	 Centers	 for	 Medicare	 and	 Medicaid	 Services	 Quality	
Metrics. J Arthroplasty. 2017;32(5):1409-13.

10. Solomon	 DH,	 Losina	 E,	 Baron	 JA,	 Fossel	 AH,	 Guadagnoli	 E,	 Lingard	
EA,	et	al.	Contribution	of	hospital	characteristics	to	the	volume-outcome	
relationship: dislocation and infection following total hip replacement 
surgery. Arthritis Rheum. 2002;46(9):2436-44.

11. Katz	 JN,	Losina	E,	Barrett	 J,	Phillips	CB,	Mahomed	NN,	Lew	RA,	 et	 al.	
Association between hospital and surgeon procedure volume and outcomes 
of	total	hip	replacement	in	the	United	States	medicare	population.	J	Bone	
Joint Surg Am. 2001;83-A(11):1622-9.

12. Katz	 JN,	 Barrett	 J,	 Mahomed	 NN,	 Baron	 JA,	 Wright	 RJ,	 Losina	 E.	
Association between hospital and surgeon procedure volume and the 
outcomes of total knee replacement. J Bone Joint Surg Am. 2004;86-
A(9):1909-16.

13. Singh	JA,	Kwoh	CK,	Boudreau	RM,	Lee	GC,	Ibrahim	SA.	Hospital	volume	
and surgical outcomes after elective hip/knee arthroplasty: a risk-adjusted 
analysis of a large regional database. Arthritis Rheum. 2011;63(8):2531-9.

14. Royal College of Surgeons in Ireland. National Quality Assurance and 
Improvement System.

15. Charlson	 ME,	 Pompei	 P,	 Ales	 KL,	 MacKenzie	 CR.	 A	 new	 method	 of	
classifying prognostic comorbidity in longitudinal studies: development 
and validation. J Chronic Dis. 1987;40(5):373-83.

16. Quan	H,	Sundararajan	V,	Halfon	P,	Fong	A,	Burnand	B,	Luthi	JC,	et	al.	
Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 
administrative data. Med Care. 2005;43(11):1130-9.

17. Gooiker	 GA,	 van	 Gijn	 W,	 Post	 PN,	 van	 de	 Velde	 CJ,	 Tollenaar	 RA,	
Wouters MW. A systematic review and meta-analysis of the volume-
outcome relationship in the surgical treatment of breast cancer. Are breast 
cancer	patients	better	off	with	a	high	volume	provider?	Eur	J	Surg	Oncol.	
2010;36(Suppl 1):S27-35.

18. Wouters MW, Gooiker GA, van Sandick JW, Tollenaar RA. The volume-
outcome relation in the surgical treatment of esophageal cancer: a 
systematic review and meta-analysis. Cancer. 2012;118(7):1754-63.

19. Halm	 EA,	 Lee	 C,	 Chassin	MR.	 Is	 volume	 related	 to	 outcome	 in	 health	
care? A systematic review and methodologic critique of the literature. Ann 
Intern Med. 2002;137(6):511-20.

20. Hughes	 MM,	 Gordon	 Newbern	 D,	 Lowry	 Barnes	 C.	 Volume	 and	
length of stay in a total joint replacement program. J Surg Orthop Adv. 
2009;18(4):195-9.

21. Pamilo	 KJ,	 Peltola	 M,	 Mäkelä	 K,	 Häkkinen	 U,	 Paloneva	 J,	 Remes	 V.	
Is hospital volume associated with length of stay, readmissions and 
reoperations for total hip replacement? A population based register 
analysis of 78 hospitals and 54,505 replacements. Arch Orthop Trauma 
Surg. 2013;133(12):1747-55.

22. Tsai	TC,	Karen	Joynt	E,	John	Orav	E,		Atul	Gawande		A,		Ashish		Jha	K.	
Variation	in	surgical-readmission	rates	and	quality	of	hospital	care.	N	Engl	
J Med. 2013;369(12):1134-42.

23. Irish Institute of Trauma and Orthopaedic Surgery, Medical Manpower 
Document.

24. Dudley	 RA,	 Johansen	 KL,	 Brand	 R,	 Rennie	 DJ,	 Milstein	 A.	 Selective	
referral to high-volume hospitals: estimating potentially avoidable deaths. 
JAMA. 2000;283(9):1159-66.

25. Sampalis	 JS,	Denis	R,	 Lavoie	A,	 Fréchette	P,	Boukas	 S,	Nikolis	A,	 et	 al.	
Trauma care regionalization: a process-outcome evaluation. J Trauma. 
1999;46(4):565-79; discussion 579-81.

26. Halm	EA,	Lee	CC,	Mark	Chassin	R.	How	is	volume	related	to	quality	in	
health care? A systematic review of the research literature. Institute of 
Medicine. 2000. Washington DC.

27. OECD,	Health	Statistics	2017	Definitions,	Sources	and	Methods.	2017.

28. Adeyemo	D,	Radley	S.	Unplanned	general	 surgical	 re-admissions	 -	how	
many,	which	patients	and	why?	Ann	R	Coll	Surg	Engl.	2007;89(4):363-7.

https://www.ncbi.nlm.nih.gov/pubmed/24780823
https://www.ncbi.nlm.nih.gov/pubmed/24780823
https://www.ncbi.nlm.nih.gov/pubmed/11861721
https://www.ncbi.nlm.nih.gov/pubmed/11861721
https://www.ncbi.nlm.nih.gov/pubmed/11861721
https://www.ncbi.nlm.nih.gov/pubmed/11861721
https://www.ncbi.nlm.nih.gov/pubmed/15069131
https://www.ncbi.nlm.nih.gov/pubmed/15069131
https://www.ncbi.nlm.nih.gov/pubmed/15069131
https://www.ncbi.nlm.nih.gov/pubmed/15069131
https://www.ncbi.nlm.nih.gov/pubmed/23021846
https://www.ncbi.nlm.nih.gov/pubmed/23021846
https://www.ncbi.nlm.nih.gov/pubmed/17964352
https://www.ncbi.nlm.nih.gov/pubmed/17964352
https://www.noca.ie/audits/irish-national-orthopaedic-register
https://www.ncbi.nlm.nih.gov/pubmed/16950056
https://www.ncbi.nlm.nih.gov/pubmed/16950056
https://www.ncbi.nlm.nih.gov/pubmed/16950056
https://www.ncbi.nlm.nih.gov/pubmed/17415062
https://www.ncbi.nlm.nih.gov/pubmed/17415062
https://www.ncbi.nlm.nih.gov/pubmed/17415062
https://www.ncbi.nlm.nih.gov/pubmed/28089185
https://www.ncbi.nlm.nih.gov/pubmed/28089185
https://www.ncbi.nlm.nih.gov/pubmed/28089185
https://www.ncbi.nlm.nih.gov/pubmed/28089185
https://www.ncbi.nlm.nih.gov/pubmed/12355492
https://www.ncbi.nlm.nih.gov/pubmed/12355492
https://www.ncbi.nlm.nih.gov/pubmed/12355492
https://www.ncbi.nlm.nih.gov/pubmed/12355492
https://www.ncbi.nlm.nih.gov/pubmed/11701783
https://www.ncbi.nlm.nih.gov/pubmed/11701783
https://www.ncbi.nlm.nih.gov/pubmed/11701783
https://www.ncbi.nlm.nih.gov/pubmed/11701783
https://www.ncbi.nlm.nih.gov/pubmed/15342752
https://www.ncbi.nlm.nih.gov/pubmed/15342752
https://www.ncbi.nlm.nih.gov/pubmed/15342752
https://www.ncbi.nlm.nih.gov/pubmed/15342752
https://www.ncbi.nlm.nih.gov/pubmed/21656509
https://www.ncbi.nlm.nih.gov/pubmed/21656509
https://www.ncbi.nlm.nih.gov/pubmed/21656509
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://www.ncbi.nlm.nih.gov/pubmed/16224307
https://www.ncbi.nlm.nih.gov/pubmed/16224307
https://www.ncbi.nlm.nih.gov/pubmed/16224307
https://www.ncbi.nlm.nih.gov/pubmed/20621432
https://www.ncbi.nlm.nih.gov/pubmed/20621432
https://www.ncbi.nlm.nih.gov/pubmed/20621432
https://www.ncbi.nlm.nih.gov/pubmed/20621432
https://www.ncbi.nlm.nih.gov/pubmed/20621432
https://www.ncbi.nlm.nih.gov/pubmed/22009562
https://www.ncbi.nlm.nih.gov/pubmed/22009562
https://www.ncbi.nlm.nih.gov/pubmed/22009562
https://www.ncbi.nlm.nih.gov/pubmed/12230353
https://www.ncbi.nlm.nih.gov/pubmed/12230353
https://www.ncbi.nlm.nih.gov/pubmed/12230353
https://www.ncbi.nlm.nih.gov/pubmed/19995499
https://www.ncbi.nlm.nih.gov/pubmed/19995499
https://www.ncbi.nlm.nih.gov/pubmed/19995499
https://www.ncbi.nlm.nih.gov/pubmed/24077780
https://www.ncbi.nlm.nih.gov/pubmed/24077780
https://www.ncbi.nlm.nih.gov/pubmed/24077780
https://www.ncbi.nlm.nih.gov/pubmed/24077780
https://www.ncbi.nlm.nih.gov/pubmed/24077780
https://www.nejm.org/doi/full/10.1056/NEJMsa1303118
https://www.nejm.org/doi/full/10.1056/NEJMsa1303118
https://www.nejm.org/doi/full/10.1056/NEJMsa1303118
https://www.ncbi.nlm.nih.gov/pubmed/10703778
https://www.ncbi.nlm.nih.gov/pubmed/10703778
https://www.ncbi.nlm.nih.gov/pubmed/10703778
https://www.ncbi.nlm.nih.gov/pubmed/10217218
https://www.ncbi.nlm.nih.gov/pubmed/10217218
https://www.ncbi.nlm.nih.gov/pubmed/10217218
https://www.nap.edu/read/10005/chapter/11
https://www.nap.edu/read/10005/chapter/11
https://www.nap.edu/read/10005/chapter/11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1963581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1963581/

	Title
	Abstract
	Key Points
	Introduction
	Methods
	Data material
	Analysis

	Results
	Discussion
	Strength and Weakness
	Acknowledgement
	References
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2

