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Abstract

Background: Permanent renal dysfunction is considered as being a serious complication which may occur after
major surgery and which furthermore may lead to increased morbidity and mortality. The objective of this study
was to analyze the incidence of long-term postoperative renal dysfunction after primary total hip and knee joint
replacements.

Methods: Long-term postoperative renal dysfunction was analyzed in a retrospective study of 1301 consecutive
primary total hip and knee joint replacements performed between January 2009 and December 2013. According to
the RIFLE criteria, increased serum creatinine was an indicative of postoperative renal injury. The highest serum
creatinine during the first postoperative week was chosen as a sign for maximum acute renal injury and was
compared to the highest serum creatinine during the following 4-12 months.

Results: One hundred and forty two patients with an increase in postoperative serum creatinine were included in
the follow-up study. Six patients (4.2 %) died due to non-renal causes during the follow-up period. One patient

died of severe renal injury, which was relatively very early postoperatively, and another patient had a rise in serum
creatinine to 316 umol/l during the follow-up period. All the remaining 132 patients (94 %) had full recovery with

serum creatinine which returned to preoperative levels.

Conclusions: This study did not confirm that patients who underwent primary total hip and knee joint
replacement surgery were at risk of developing permanent renal dysfunction up to 1 year after the index surgery.
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Background

Renal injury and impairment have been reported in a
few studies after primary total hip and knee joint
replacements [1-5]. To the authors’ knowledge, there
has been only one publication regarding the permanent
renal dysfunction after a subgroup of primary hip joint
replacements [6]. Previous publications have dealt with
short-term postoperative renal dysfunction [2, 7, 8] but
not with permanent renal dysfunction after major
surgery. The aim of this study was to analyze the
incidence of long-term postoperative renal injury after
total hip and knee joint replacements.
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Methods

Long-term postoperative renal dysfunction was analyzed
in a retrospective study of 1301 primary consecutive
total joint replacements; 702 primary knee joint arthro-
plasties were performed between January 2009 and
December 2012, and 599 primary hip joint arthroplasties
were performed between January 2011 and December
2013. The group of cases described in the present study
was a subset of cases described in two previous studies
[4, 5]. The primary total joint replacements were all
performed in our department by joint-replacement
surgeons for primary osteoarthritis (1184), posttraumatic
osteoarthritis (57), rheumatoid arthritis (13), and femoral
neck fractures (48). The data was collected from our
computerized database and hospital charts. There was
one or more missing pieces of data for 66 patients, and
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Table 1 Characterization of 142 cases with a rise in serum
creatinine postoperatively

[tem Distribution

Age in years at operation, median (range) 76 (38-94)

Sex, number (% female) 85 (60 %)

BMI, median (range) 28 (18-42)

Smoking 28 (20 %)

Diabetes mellitus 17 (12 %)

ASA score at the operation: 1, 2, or 3 12 (8 %), 95 (67 %), 35 (25 %)
Hypertension 104 (73 %)

Mortality 7 (5 %)

Diagnosis: osteoarthritis, fracture, others 128 (90 %), 10 (7 %), 4 (3 %)

thus, they were excluded from the primary studies [4, 5].
However, they did not differ from the investigated
patients included in the study regarding age, gender,
American Society of Anesthesiologists (ASA) score, body
mass index (BMI), hypertension, diabetes mellitus,
smoking, duration of surgery, type of anesthesia, prophy-
lactic antibiotic, and blood pressure (baseline and
intraoperative systolic and diastolic BP) (Fig. 2). Non-
steroidal anti-inflammatory drugs (NSAID) were not
used in the postoperative management for patients
included in the study.

The highest serum creatinine during the first postopera-
tive week was chosen as a sign for maximum acute renal
injury and used to calculate the RIFLE score [9, 10]. This
was compared to the highest serum creatinine measure-
ment during the following 4-12 months (Table 1). All
patients were routinely followed up for assessment of knee
and hip function 2 months postoperatively. In addition,
patients with moderate or severe postoperative renal
dysfunction have had contact with the hospital as part of
their follow-up for renal function-related issues or for
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other diseases in which blood tests were taken including
serum creatinine.

As a control group, we randomly checked serum cre-
atinine for a period of 4-12 months postoperatively in
111 patients from the group of patients who have had
none or very mild postoperative renal dysfunction. The
randomization method depended on choosing the
patients with social security number closest to the
probands. This control group did not have any increase
in serum creatinine for a period of 4-12 months
postoperatively.

All calculations and graphics were performed in R
statistical software (http://www.r-project.org/). Preopera-
tive serum creatinine was compared to serum creatinine
at follow-up using a paired ¢ test.

Results

All 142 patients (10.9 %) who had significant acute renal
injury according to RIFLE classification (RIFLE >1.5) [9, 10]
were followed up for a period of 4—12 months postopera-
tively until serum creatinine returned to normal or
worsened to the development of permanent renal injury. A
minimum of one measurement of serum creatinine was
obtained under the follow-up period on all 142 patients
except for one patient (0.7 %) who died from severe renal
failure relatively early postoperatively. Six patients (4.2 %)
died during the follow-up period as a result of non-renal
causes. One patient had a rise in serum creatinine to
316 pumol/l during the follow-up period. All the remaining
132 patients (94 %) had full recovery with serum creatinine
returning to preoperative levels without further permanent
renal dysfunction. Figure 1a illustrates the pattern of serum
creatinine in 142 patients starting preoperatively, peaking
within 1 week of surgery, and returning in 94 % of patients
to preoperative levels. Figure 1b illustrates no correlation of
serum creatinine at follow-up compared to perioperative
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Fig. 1 Serum creatinine of 142 patients. a Interaction plot showing preoperative, postoperative, and follow-up at 4-12 months. b xy-plot of serum
creatinine at follow-up as a function of relative perioperative change. Red color shows cases with mortality in the follow-up period. Numerical axes
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66 patients were
excluded because
of missing data

e

142 had moderate or
severe postoperative
renal dysfunction
included in long term

! !

7 patients died
within the follow up
period but only one

case due to renal
failure

132 patients
had full
recovery

1301 patients
underwent primary
total hip or knee
joint replacements

1235 patients had
full data

5 patients were
in dialysis and
excluded

Fig. 2 Flow chart showing the number of patients included in the study and their follow-up
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1091 patients had
none or very mild
postoperative renal
dysfunction

!

111 patients
randomly selected
as a control group

change in serum creatinine. The control group of 111 did
not have any increase in serum creatinine 4—12 months
postoperatively.

Discussion

Chronic or permanent renal injury is important regard-
ing morbidity and mortality in any given population.
This study could not confirm a risk of permanent renal
injury in 1301 patients who underwent primary total hip
or knee joint replacements save for one patient who died
because of renal failure, which was probably due to
major surgery, but other comorbidities could have
played a role (Fig. 2).

Chandran and Giori [6] identified in a study involving
a 9-year follow-up an increased risk (14 %) of chronic
renal disease after primary metal-metal hip joint replace-
ment in a population which was extracted from the
Department of Veterans Affairs VistA database. How-
ever, the health status in the study group differed from
the general population in that they had more medical
conditions and a higher medical resource use compared
with the general population as showed by Agha et al. in
his study of 128,099 records from the National Health
Interview Survey for the years 1993 and 1994 [11].

The RIFLE classification [9, 10] has been used in sev-
eral studies in respect to the postoperative acute renal
injury [1-5, 7, 8], but to our knowledge, it has never
been used to assess long-term chronic postoperative
renal injury. This study could not confirm that the
RIFLE classification has a role as a useful predictor of
chronic postoperative renal injury.

Conclusions

This study could not confirm that the primary total hip
and knee joint replacements might induce permanent
renal dysfunction up to 1 year after the index surgery.
The use of the RIFLE classification is not recommended
as a reliable predictor of permanent renal dysfunction
after surgery.

Abbreviations

ASA: American Society of Anesthesiologists; BMI: Body mass index; BP: Blood
pressure; NSAID: Non-steroidal anti-inflammatory drugs; RIFLE: Risk, injury,
failure, loss of function, end-stage renal disease

Acknowledgements
The authors wish to thank Mr. Saad Hatim and Mr. Francis Andrew for their
contribution in editing the English language of the manuscript.

Funding
Not applicable (no funding was necessary for the study).

Availability of data and materials

The authors allow all the data and materials of this study to be freely
available to any scientist to be used for non-commercial purposes without
breaching the participant’s confidentiality.

Authors’ contributions

BKH was responsible for the data collection and manuscript writing. RBCD
was responsible for the statistical analysis. AS was responsible for the
manuscript writing. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study has been approved by the Danish Data Management Board and
was conducted in accordance with the ethical and legal requirements of the



Hassan et al. Journal of Orthopaedic Surgery and Research (2016) 11:122

Institutional Review Board of Nykoebing Falster Hospital in Sjaelland Region
in Denmark. All the patients included in the study have already given their
consent orally in using their data for research purposes (written consent was
not needed in this retrospective study in accordance with the laws of
research in Denmark).

Author details

'Department of Orthopedics, Nykoebing Falster Hospital, Fjordvej 15, 4800
Nykoebing Falster, Denmark. “Department of Clinical Microbiology, Slagelse
Hospital, Faelledvej 1, 4200 Slagelse, Denmark.

Received: 28 August 2016 Accepted: 6 October 2016
Published online: 19 October 2016

References

1. Jafari SM, Huang R, Joshi A, Parvizi J, Hozack WJ. Renal impairment following total
joint arthroplasty: who is at risk? J Arthroplasty. 2010,25(6 suppl)49-53. 53e 1-2.

2. Weingarten TN, Gurrieri C, Jarett PD, Brown DR, Berntson NJ, Calaro Jr RD,
Kor DJ, Berry DJ, Garovic VD, Nicholson WT, Schroeder DR, Sprung J. Acute
kidney injury following total joint arthroplasty: retrospective analysis. Can J
Anaesth. 2012,59(12):1111-8.

3. Aveline C Leroux A, Vautier P, Cognet F, Le Hetet H, Bonnet F. Risk factors for renal
dysfunction after total hip arthroplasty. Ann Fr Anesth Reanim. 2009;28(9):728-34.

4. Hassan BK, Sahlstrom A, Dessau RB. Risk factors for renal dysfunction after total hip
joint replacement; a retrospective cohort study. J Orthop Surg Res. 2015;10:158.

5. Hassan BK, Sahlstrom A, Dessau RB. Risk factors for renal dysfunction after
total knee joint replacement. Acta Orthop Belg. 2015;81(4):647-53.

6. Chandran SE, Giori NJ. Nine-year incidence of kidney disease in patients
who have had total hip arthroplasty. J Arthroplasty. 2011,26(6 suppl):24-7.

7. Gelman ML, Frazier CH, Chandler HP. Acute renal failure after total hip
replacement. J Bone Joint Surg Am. 1979,61(5):657-60.

8. Stegmayr BG, Bjork L, Kempi V, Semb H. Renal function not impaired by
hip arthroplasty. A prospective study of 26 patients. Acta Orthop Scand.
1992;63(1):7-12.

9. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P, Acute Dialysis Quality
Initiative Workgroup. Acute renal failure—definition, outcome measures,
animal models, fluid therapy and information technology needs: the
Second International Consensus Conference of the Acute Dialysis Initiative
(ADQI) Group. Crit Care. 2004;8(4):R204-12.

10. Hoste EA, Kellum JA. Incidence, classification, and outcomes of acute kidney
injury. Contrib Nephrol. 2007;156:32-8.

11. Agha Z, Lofgren RP, VanRuiswyk JV, Layde PM. Are patients at Veterans
Affairs medical centers sicker? A comparative analysis of health status and
medical resource use. Arch Intern Med. 2000;160(21):3252-7.

Page 4 of 4

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	show [a]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

