
This retrospective study investigated the impact of
patient and procedure-related parameters on the
complication rate following revision total hip arthro-
plasty. Complications included vessel and nerve
damage, periprosthetic femoral fracture, wound
infection, wound bleeding, prosthesis dislocations,
thromboembolism, cardiac and pulmonary compli-
cations, and death. The influence of operation dura-
tion, gender, revision status, ASA classification, and
type of fixation of the primary implant on the
perioperative morbidity was investigated in a sample
of 60 revision procedures (cemented stems, cemented
or cementless cups). Odds ratio [OR] and 95% confi-
dence interval [CI] were estimated with multiple
regression models.
Perioperative morbidity was significantly correlated
to operation duration (OR = 1.03 ; CI : 1.00-1.05),
but not to age (OR = 1.01 ; CI : 0.93-1.09), gender
(OR = 2.66 ; CI : 0.50-14.05), revision status (OR =
2.34 ; CI : 0.54-10.05), ASA classification (OR =
1.24 ; CI : 0.30-5.18), or type of fixation of the pri-
mary implant (OR = 2.49 ; CI : 0.47-13.17)
Duration of the revision operation appeared as a pre-
dictive parameter for perioperative morbidity in
revision total hip arthroplasty in our study group.

INTRODUCTION

In contrast to primary total hip replacement,
which is a routine procedure in the treatment of
advanced hip osteoarthritis (13), revision total hip
arthroplasty is still a demanding surgical procedure
for the surgeon as well as for the patient (16).

Patients necessitating revision of their implants
are on average older than those receiving a prima-

ry implant, and usually show higher morbidity.
Furthermore the procedure of exchanging an artifi-
cial hip partially or totally is technically more dif-
ficult and has a higher potential for perioperative
morbidity and mortality (12).

It was the purpose of this study to assess the inci-
dence of perioperative complications in a sample of
60 revision total hip replacements. In addition the
impact of operation duration, age of the patient,
gender, revision status (revision of a primary
implant or re-revision of an implant), preoperative
risk classification according to the American
Society of Anaesthesiologists (ASA classification),
and type of fixation of the primary implant (cemen-
ted or hybrid) on the perioperative complication
rate was investigated.

MATERIAL AND METHODS

Within this study, sixty revision total hip repla-
cements were analysed. The indication for revision
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surgery was aseptic loosening of the prosthesis.
Revision surgery was performed between September
1999 and May 2002 predominantly under regional ana-
esthesia. Depending on the bone stock, uncemented or
cemented revision implants were inserted. Bone defects
were bridged with allogenic bone. To improve compara-
bility, only revisions of fully cemented and hybrid
(cemented stem, uncemented cup) total hip replace-
ments were assessed and revisions of THA with unce-
mented stems were excluded because, in our experience,
removal of a cemented stem appeared as the main factor
in the occurrence of intraoperative morbidity and com-
plications and the average duration of surgery as well as
the average intra-operative blood loss were similar for
hybrids and fully cemented prostheses.

The surgical procedure for all investigated hips was
through a standard lateral Bauer approach (2). One sur-
geon (S.K.), experienced in revision total hip arthropla-
sty, performed all procedures. In all cases both stem and
cup were replaced because both showed radiological
signs of aseptic loosening.

Difficulty of the revision surgery varied considerably.
We did not perform a specific grading of surgical sever-
ity, since the available radiographic severity evaluation
systems are unreliable (3). Technical complications (dis-
location, arterial and nerve damage, fracture, bleeding)
and complications related to the general health condition
(infection, death, cardiac and pulmonary morbidity)
were not differentiated due to the specifics of the statis-
tical method applied (multivariable logistic regression
with dichotomous documentation of data).

The routine prophylactic DVT program consisted in
mobilisation from the first postoperative day and a daily
dose of low molecular weight heparin.

Extracted variables

The following variables were extracted out of the
patients’ notes : Age of the patient (years), gender
(female vs. male), perioperative risk-status according to
the classification (grade 1 to 4) of the American Society
of Anaesthesiologists (ASA classification), preoperative
revision status of the hip (primary implant vs. revision
implant exchanged), type of fixation of the implant
(hybrid vs. cemented), intraoperative blood loss (ml),
and duration of the revision operation (minutes).

Perioperative complications

The following complications occurring during the
revision procedure and/or within the first three postope-

rative weeks were defined as perioperative complica-
tions and documented dichotomously with regard to
their occurrence : vessel damage requiring vascular sur-
gery, femoral or sciatic nerve damage, periprosthetic
femoral fracture, wound infection requiring antibiotics
or revision, excessive bleeding requiring reintervention,
prosthetic dislocation, thromboembolism, cardiac and
pulmonary complications followed by ICU treatment,
and death.

Thromboembolic complications occurring after
21 days were not documented since patients were dis-
charged to rehabilitation hospitals and could not be fol-
lowed up. Thromboembolism itself was documented by
ultrasound, phlebography or spiral CT-scanning.

Statistical analysis

Multivariable logistic regression was used to analyse
the association between the target variable (perioperati-
ve complication ; yes/no) and a set of independent varia-
bles (age, gender, ASA classification, preoperative revi-
sion status, fixation of the implant, operating time). The
likeliness of perioperative complications was estimated
by odds ratios and their 95% confidence interval. In the
full model, each variable was controlled for all other
variables in the model. Finally, stepwise regression pro-
cedure was applied to find the best-fitted, most parcimo-
nious model that best describes the association between
perioperative complications and the independent varia-
bles (final model). Statistical analysis was performed
using the SAS software (version 8.10, SAS Institute,
Cary, NC, USA).

RESULTS

The descriptive data of all sixty cases are listed
in table I. More patients were female (60%) than
male (40%) and most had an ASA Classification of
either grade two (58.3%) or grade three (40%).
Primary revisions accounted for 71.7% of the
cases. The average operating time (155 minutes)
was more or less similar for hybrids and fully
cemented prostheses. In addition, the average intra-
operative blood loss was similar for both procedu-
res (2500 ml). Periprosthetic fracture (n = 4, 6.7%)
as the major intra-operative complication did not
markedly influence the average operating time
(152 minutes, range : 120 to 198 minutes), where-
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as the average intra-operative blood loss was
distinctly increased (3175 ml, range : 2700 to
3500 ml).

Major complications occurred with different fre-
quencies within the sixty revision total hip replace-
ments. The absolute number of each perioperative
complication is listed in table II. Overall, 17 major
perioperative complications (28.3%) occurred in
15 patients (25%). One patient with a fully cemen-
ted implant showed both a pulmonary complication
and wound infection and one patient from the
hybrid group developed fracture and dislocation.
One patient died from a cause related to the surgi-
cal procedure (1.7%).

The impact of each independent variable on the
target variable and the perioperative complication
rate is listed in table III.

In the final best fitting and most parcimonious
model, only duration of the revision operation
remained significantly correlated to the incidence of
peri-operative complications. Each additional minu-
te of operating time was correlated to a 3% increase
of peri-operative complications (see table IV).

DISCUSSION

Primary total hip replacement is established
worldwide as a standard orthopaedic procedu-
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Table I. — Descriptive data of the revised 60 total hip replacements

Variable Parameter

Age mean : 72.8 years ; range : 41 to 89 years

Gender 36 (60.0%) female
24 (40.0%) male

ASA Classification 1 (1.7%) 1
35 (58.3%) 2
24 (40.0%) 3
0 4

Pre-operative revision status 43 (71.7%) primary implants
17 (28.2%) revision implants

Type of fixation 31 (51,7%) hybrid prostheses
29 (48.3%) fully cemented prostheses

Operating time mean : 155 minutes [cemented : 157 minutes ; hybrid : 153 minutes] ; range : 75 to 240 minutes

Intraoperative Blood loss mean : 2500 ml [equal for hybrid + cemented] ;

range : 800 to 12000 ml

Table II. — Descriptive data : Absolute and relative number of perioperative complications, n = 60

Variable n %

Vessel damage (requiring vascular surgery) 0 0
Nerve damage (femoral/sciatic nerve) 4 6.7
Periprosthetic femoral fracture 4 6.7
Wound infection (requiring revision/antibiotics) 1 1.7
Bleeding (requiring revision) 2 3.3
Prosthetic dislocations 4 6.7
Thromboembolism 2 3.3
Cardiac complications (requiring ICU treatment) 0 0
Pulmonary complications (requiring ICU treatment) 0 0
Death 1 1.7
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re (12). Results are generally regarded as satisfacto-
ry (8, 12). Revision total hip replacement however is
still a demanding procedure with less satisfactory
results. Although revision procedures are predomi-
nantly concentrated at surgical centers which have
the logistic equipment as well as the clinical exper-
tise for revision procedures (12), peri- and post-
operative complication rates are still high. Compli-
cations predominantly include vessel and nerve
damage, periprosthetic femoral shaft fracture,
wound infection, wound bleeding, prosthetic dislo-
cation, thromboembolism, cardiac and pulmonary
complications, and death.

The complication rate assessed in our patient
sample (table II) was similar to what was reported
in recent literature. Kavanagh et al who studied
206 revision total hip replacements reported a fre-
quency of femoral fracture of 3.6%, a deep infec-
tion rate of 1.2% and a postoperative dislocation
rate of 9% (7). Wallensten and Olsson reported
3.3% infections in 40 revision procedures (15).
Perka and co-workers analysed the influence of
obesity on the perioperative morbidity and mortali-

ty in 229 revision total hip arthroplasties and re-
ported 50 intra- or postoperative complications,
with an average of 0.22 per patient (11).

In other investigations, however, higher compli-
cation rates were reported (1, 6, 9, 10). Dandy and
Theodorou described an infection rate of 17% (4)

and Hunter et al a rate of 32% (6) in their study
groups of patients undergoing revision total hip
replacements. The reason for these differences
remains unclear. Differences in the hospital equip-
ment to manage these high-risk patients as well as
upcoming complications and different training
levels of surgeons performing this demanding ope-
ration might be responsible. This assumption is
supported by the report of the German Quality
Assurance Association “Bundesgeschäftsstelle für
Qualitätssicherung GmbH” (8), stating that the
number of postoperative dislocations and the infec-
tion rate following revision total hip replacement
are significantly lower in centers with a high trai-
ning level in revision surgery (more than 20 proce-
dures per year) compared to hospitals with less
than 20 revision procedures per year. The average
postoperative dislocations rate was 3.7% (n > 20),
versus 6.1% (n ≤ 20), and the average wound infec-
tion rate was 1.1% (n > 20), versus 2.0% (n ≤ 20).

It was a further purpose of this investigation to
sort out, whether patient and procedure- related
parameters have a significant impact on the com-
plication rate. These parameters were duration of
the revision operation, age of the patient, gender,
revision status, grade in the ASA-Classification,
and type of fixation of the primary implant.
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Table III. — The impact of the investigated parameters on the target variable [= perioperative
complications], logistic regression, n = 60

Variable Perioperative complications
OR (95% CI)

crude adjusted*

Age [years] 1.01 (0.93-1.09) 1.02 (0.94-1.10)
Gender [male] 2.66 (0.50-14.04) 2.74 (0.40-18.59)
ASA Classification [grade 1+2] 1.24 (0.30-5.18) 1.42 (0.25-8.14)
Preoperative revision status [primary implant] 2.34 (0.54-10.05) 1.76 (0.33-9.27)
Fixation of the primary implant [hybrid] 2.44 (0.55-10.82) 2.49 (0.47-13.17)
Operating time [minutes] 1.03 (1.00-1.05) 1.03 (1.00-1.05)

* : Each variable controlled for all other variables in the model.

Table IV. — The impact of the investigated parameters on the
target variable [= perioperative complications], logistic

regression, final model, n = 60

Variable Perioperative complications
OR (95% CI)

Operating time [minutes] 1.03 (1.00-1.05)
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Multiple logistic regression revealed that only
duration of the revision operation was significantly
correlated to peri-operative complications, as defi-
ned in our study. The other parameters had no sta-
tistically significant impact. To our knowledge this
correlation has not been described yet. In a study of
deThomasson et al, who investigated 181 revision
total hip arthroplasties, the complication rate was
significantly increased in patients graded ASA 3 or
older than 75 years (5). The authors concluded that
the patient’s age and general health status are
important factors in relation to complications.
Strehle et al reviewed 53 revision total hip replace-
ments and came to similar conclusions as to gra-
ding in the ASA classification (14). However all of
their patients were octogenarians. Such conclu-
sions cannot be drawn from the results of our study.
The resulting discrepancy might be explained by
the fact that the independent influence of each
variable on the target parameter “peri-operative
complications” was analysed separately in our
study, whereas other investigations drew their con-
clusions out of the combination of high age (older
than 80 years) and a high ASA-Classification only.
Furthermore, our patient sample was much youn-
ger with an average age of 72.8 years and was pre-
dominantly classified ASA 2.

Since in this study the recorded and analysed
parameters were limited to the essential ones, we
are aware that our data have limited explanatory
power. With this study design, we were able to take
into account confounders (age, gender, ASA-
Classification, revision status, and fixation of the
primary implant) which are considered to be
important. However, additional confounders not
included in the study may exist that might signifi-
cantly influence complications during revision total
hip replacements, and could possibly modify the
results of this retrospective analysis. In addition,
intra-operative complications (e.g. femoral fracture
or multiple complications), which might result in a
different level of morbidity, were not taken into
consideration specifically due to the statistical
method applied (multivariable logistic regression
with dichotomous documentation of data). Having
these limitations in mind, our findings demonstrate
the important role of operation duration on the

perioperative complication rate in revision total hip
arthroplasty.

Severity of surgery is commonly believed to
strongly determine the risk for complications. Our
investigation did not quantify this severity due to
the lack of standardised measures, as mentioned
above, which might be considered as a reason for
systematic error. To reduce such a possibility of
bias as far as possible, our patient sample was
strongly standardised (one surgeon ; aseptic loose-
ning only ; complete replacement with cemented
and hybrid total hip arthroplasties only, using a
standardised approach ; identical perioperative pro-
tocol).

To summarise, duration of the revision operation
was the only parameter that was found to have a
statistically significant correlation to the risk of
complications in our study group of 60 revision
total hip arthroplasties. Duration of the operation,
which is affected by a number of patient and pro-
cedure-related factors, may be considered as a mar-
ker for the surgical severity of these revision proce-
dures.

Therefore patients with an extended duration of
revision surgery following failed total hip arthro-
plasty should be considered to be at higher risk in
the postoperative care, irrespective of other patient
and procedure-related parameters.

Further studies on this issue are advocated to
confirm these conclusions and to investigate the
underlying reasons for the correlation noted.

REFERENCES

1. Amstutz HC, Ma SM, Jinnah RH, Mai L. Revision of
aseptic loose total hip arthroplasties. Clin Orthop 1982 ;
170 : 21-33.

2. Bauer R, Kerschbaumer F, Poisel S. Operative
Zugangswege in Orthopädie und Traumatologie. Georg
Thieme, Stuttgart, 1986, p 114.

3. Campbell DG, Garbuz DS, Masri BA, Duncan CP.
Reliability of acetabular bone defect classification systems
in revision total hip arthroplasty. J Arthroplasty 2001 ; 16 :
83-86.

4. Dandy DJ, Theodorou BC. The management of local
complications of total hip replacement by the McKee-
Farrar technique. J Bone Joint Surg 1975 ; 57-B : 30-35.

5. de Thomasson E, Guingand O, Terracher R, Mazel C.
Perioperative complications after total hip revision surgery

Acta Orthopædica Belgica, Vol. 69 - 4 - 2003



REVISION TOTAL HIP ARTHROPLASTY 333

and their predictive factors. A series of 181 consecutive
procedures. Rev Chir Orthop 2001 ; 87 : 477-488.

6. Hunter GA, Welsh RP, Cameron HU, Bailey WH. The
results of revision of total hip arthroplasty. J Bone Joint
Surg 1979 ; 61-B : 419-421.

7. Kavanagh BF, Ilstrup DM, Fitzgerald. Revision total hip
arthroplasty. J Bone Joint Surg 1985 ; 67-A : 517-526.

8. Mohr VD, Brechtel TH, Doebler K, Fischer B. Qualität
sichtbar machen. BQS-Qualitätsreport 2001. BQS
Bundesgeschäftsstelle für Qualitätssicherung gGmbH,
Düsseldorf, 2002.

9. Pellicci PM, Salvati EA, Robinson HJ. Mechanical failu-
res in total hip replacement requiring reoperation. J Bone
Joint Surg 1979 ; 61-A : 28-36.

10. Pellicci PM, Wilson PD, Sledge CB et al. Revision total
hip arthroplasty. Clin Orthop 1982 ; 170 : 34-41.

11. Perka C, Labs K, Muschik M, Buttgereit F. The influ-
ence of obesity on perioperative morbidity and mortality in

revision total hip arthroplasty. Arch Orthop Trauma Surg
2000 ; 120 : 267-271.

12. Puhl W, Kessler S. Which factors influence the long term
outcome of total hip replacement ? In : Rieker C, Ober-
holzer S, Urs W (eds). World Tribology Forum in Arthro-
plasty. Hans Huber, Bern, 2001, pp 35-47.

13. Södermann P. On the validity of the results from the
Swedish national total hip arthroplasty register. Acta
Orthop Scand 2000 ; 71 (suppl) : 1-33.

14. Strehle J, del Notaro C, Orler R, Isler B. The out-
come of revision hip arthroplasty in patients older than 
age 80 years : Complications and social outcome of 
different risk groups. J Arthroplasty 2000 ; 15 : 690-697.

15. Wallensten R, Olsson E. Rearthroplasty of the hip joint.
Acta Orthop Scand 1982 ; 53 : 273-277.

16. Wirtz DC, Niethhard FU. Causes, diagnosis and therapy
of aseptic hip prostheses loosening – a current concept
review. Z Orthop 1997 ; 135 : 270-280.

Acta Orthopædica Belgica, Vol. 69 - 4 - 2003


