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INTRODUCTION

Osteoarthritis (OA) is a chronic disease of the joints and has an increasing prevalence with age.1

It is estimated that the incidence will increase by 38% over the period 2000-2020.2 When pain

and function severely impede patients to function in daily life, a total hip or knee replacement

may be considered.

Total hip and knee replacement in osteoarthritis patients is considered as one of the most

successful procedures in improving quality of life. The number of total hip replacements has been

increased extensively since its introduction in 1960 by Charnley.3 This is due firstly to the improved

survival rates which has led to the procedure being performed in younger patients.4 Secondly, the

procedure is offered to an increasing number of patients, who were previously regarded as too old or

too ill.

Besides the increasing number of total joint replacements, the process of total hip and knee

implantation has changed significantly over the last decades. Whereas twenty years ago the length

of stay (LOS) was two to six weeks, nowadays most patients are discharged within a week. There

are even reports of hip joint replacement in day-care.5,6 Not only the process of care has been

changed by the introduction of critical pathways,7 but the medical approach is also changing by

introducing fast track surgery and the multi-modal approach.8,9

PHYSICAL RECOVERY

Optimal balance between rehabilitation load and recovery is essential, especially in early

recovery programs. Understanding of and ability to monitor these physical processes give us the

tools to optimise the rehabilitation process.

Few reports have covered the subject of physiological recovery and the physical loads during

rehabilitation. By knowing the changes in the various physiological systems involved in recovery

it might be possible to investigate changes in surgical procedures, like minimal invasive surgery,

or different rehabilitation programs. 

HYPOTHESIS

The general hypotheses are as follows: (1) Economic factors dictate the medical and organisational

changes in joint replacement, however insufficient knowledge of early and late physiological

recovery after total hip replacement is available; (2) A restrictive blood transfusion policy is no

limitation for the post-operative rehabilitation program. (3) The use of a critical pathway in total

hip replacement does not compromise the clinical outcome in terms of complications. 

THE SCOPE OF THIS THESIS

The scope of this thesis is the physiological recovery after total hip replacement in a critical

pathway. All patients described in this thesis were treated in the Joint Care® program (Biomet,

Dordrecht, The Netherlands). This critical pathway was adapted in the Maasland hospital in

2000.
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RESEARCH QUESTIONS

This thesis contains ten chapters, each chapter addresses a specific research question with the

exception of Chapter 1, which contains the introduction. Chapter 2 contains a literature review,

to discover if there is a general consensus on peri-operative care. Aspects of the critical pathway used

in the Maasland Hospital (Joint Care®) as well as a review of literature on critical pathways in

orthopaedic surgery are presented in Chapter 3. In Chapter 4 the following research question was

addressed: ‘Is it possible to perform exercise testing as early as four days after replacement of a hip

joint?’ The feasibility of early post-operative, symptom-limited exercise testing is presented in this

chapter, as nurses, medical staff and patients were unfamiliar with early exercise testing in the

Maasland hospital. Post-operative anaemia, nausea, fatigue and fear were seen as interfering factors

for early exercise testing. A cohort of 50 consecutive patients were tested at several time points after

surgery. Values of the pre-operative tests were compared to the post-operative tests.The influence of

post-operative blood loss on the capacity to perform exercise is investigated in Chapter 5. 

This chapter presents a study of 200 test patients in which the correlation between the exercise

capacity on the fourth post-operative day and the extent of post-operative anaemia is examined.

Several sub-analyses were done including the influence of pre-operative physical condition, gender,

age and the relative and absolute extent of anaemia. 

The absence of a correlation between blood loss and exercise capacity, found in Chapter 5,

was surprising. Therefore, a study was designed to compensate for the post-operative blood loss in

an ethically well considered way. This study described in Chapter 6 considers the influence on

exercise capacity when the post-operative Hb-drop is fully compensated by autologous blood.

Chapter 7 addresses patient recovery after a total hip replacement focussing on pre-operative

physical fitness, gender and age. Although many surgeons talk to patients about the ‘normal’

recovery time, not much evidence is present about the physical recovery. In Chapter 7 a large group

of patients (n=200) was followed for a year with maximum symptom-limited exercise testing to

investigate the ‘normal’ recovery time.

Does minimal invasive hip surgery have any advantage? During the last few years minimal

invasive hip and knee replacement surgery has become a major issue. Apart from the fact that the

excellent long-term results may be compromised through mal-positioning, is minimal invasive less

traumatic? In Chapter 8 a pilot study was carried out to examine whether a smaller incision caused

less tissue damage and inflammation. After Joint Care® had been introduced in the Maasland hospital

it was declared a success by the management. But are the medical results satisfactory? Chapter 9
evaluates the results of the first five years of hip replacement in Joint Care, the critical pathway used

in the Maasland hospital. 

This thesis will end with a general discussion in Chapter 10 including directions for future research

and organisation. As most chapters are based on published or submitted manuscripts and are intended

to be read individually, some repetition is inevitable.
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CHAPTER 2

Rapid recovery; a critical review of the
literature on peri-operative care
Pilot P, Arts SJ, Verburg AD, Kuipers H

Rapid recovery; a critical review of the literature on peri-operative care. 

(submitted)



ABSTRACT

Whereas a decade ago patients were hospitalised for weeks after total joint replacement,

nowadays hospital stay is reduced to less than a week. Changes in insights and improvement in

efficiency of the care process account for this reduction. The use of a critical pathway combining

peri-operative pain management with a shift from general to local anaesthesia and opioid sparing,

besides careful fluid management and restrictive transfusion policy, are the best options for most

patients. The current tendency in fluid management is restrictive per-operative. A correct dosage

of fluid therapy improves patient outcome after surgery, whereas correct fluid therapy is even

more important when a restrictive blood transfusion policy is executed. The need for well-

defined studies of intra-operative and post-operative fluid therapy are mandatory. Now most

patients are treated in accelerated stay programs and even light morbidity like nausea and

vomiting can prolong the length of stay. Pre-operative training does not seem to be beneficial

except for anxiety reduction, whereas post-operative physical therapy is likely to be effective.

Whether minimal invasive surgery contributes to faster recovery, remains to be established. Peri-

operative nutritional support has no place in elective hip and knee surgery.

16

Chapter 2 Review of literature



INTRODUCTION

Total hip replacement is the most successful major orthopaedic intervention of the last decades.

Severe comorbidity and high age are no longer reasons for exclusion of surgery. Whereas a decade

ago patients were hospitalised for weeks after total joint replacement, nowadays hospital stay is

reduced to less than a week. Changes in insights and improvement in efficiency of the care process

account for this reduction.

In the last two decades the care process has improved as most processes have been integrated

in a better way. These programs were called critical pathways (or clinical pathways; CP) and were

first developed and applied to health care in the 1980s.1 These first critical pathways were

developed by nurses for nursing care alone,2 but multidisciplinary teams soon began developing

pathways to encompass all aspects of care for hospitalised patients.1 Clinical pathways differ in

several aspects from clinical guidelines. Firstly, CP focuses on the quality and efficiency of care

after diagnosis and decisions of treatment have been made. Secondly, the CPs are multidisciplinary

and are designed along specific timelines. A multidisciplinary group to develop a CP must have

a physician-expert to lead the team, a group facilitator and a member of the quality management

department.1

Osteoarthritis of the hip and knee leading to total hip or knee replacements are high-volume,

high-cost diagnosis and procedures, likely to have an inefficient variation in the care process.

Therefore these diagnoses are suited for CPs.1 These CPs mainly focus on the process of care and

less on the medical improvements directly.

OPTIMISING PERI-OPERATIVE CARE

To understand post-operative morbidity we first need to understand the patho-physiological role

of various components of the surgical stress response. Secondly, we need to determine if

modification of such responses may improve surgical outcomes.3-5 A pioneer in optimisation peri-

operative care for elective surgical patients has been Henrik Kehlet from Copenhagen.3-5 Kehlet

and co-workers synthesised, integrated and applied research outcomes in a comprehensive

programme, now commonly referred to as ‘fast-track surgery’.5 The thrust of this approach was

to reduce the physiological and psychological stresses associated with operations, thereby

reducing a number of potential minor complications. Fast-track surgery evolved as a co-ordinated

effort, combining modern concepts of patient education with newer anaesthetic and analgesic

methods. The intentions were to reduce stress response, and minimise pain and discomfort. This

because the key pathogenic factor in post-operative morbidity, excluding failures of surgical and

anaesthetic technique, is the surgical stress response with subsequent increased demands on

organ function.3

COMPOSITION OF REVIEW

A brief description of surgical stress is presented and an overview of most factors influencing

post-operative recovery is given. Expectations of patients, pre-operative training and anxiety

reduction are discussed. Consecutively the multimodal approach, pain management, fluid

balancing, anaemia and minimal invasive hip surgery are outlined. Finally physical recovery,

physical therapy and nutritional support are discussed.
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PHYSIOLOGY OF STRESS RESPONSE

Following (surgical) trauma, patients are subjected to dynamic alterations in the haemodynamic,

metabolic, and immune responses that are largely orchestrated by endogenous mediators

referred to as cytokines.6 The development of this inflammatory response is part of the normal

response to injury. This gives rise to the systemic inflammatory response syndrome (SIRS)

followed by a period mediated by a compensatory anti-inflammatory response syndrome (CARS).7

Within this inflammatory process there is a delicate balance between the beneficial effects of

inflammation and the potential for the process itself to cause remote tissue injury.7

PSYCHOLOGICAL ASPECTS

Expectations and anxiety are important psychological aspects influencing the surgical outcome.

Patients’ expectations of orthopaedic surgery impact the way patients view and assess their

treatment.8 Hip and knee surgery is associated with multiple expectations like symptom relief,

improvement in physical functioning, and improvement in psychological well-being.9 Expectations

play a critical role in hip surgery in particular because total hip replacement (THP) is an elective

procedure, chosen to a large extent because of patients’ desires for improved function and

quality of life.10 It has been established for over four decades that many patients fear the

anaesthesia, the unconsciousness, the operation, the post-operative pain and nausea.11

PERI-OPERATIVE PHYSIOLOGICAL CHANGES

Surgery evokes a series of well-characterized hormonal, metabolic, haematological and immunological

changes that are often described as the ‘stress response’ to surgery.12 In elective clean surgery the

main release mechanism of the stress response is afferent neural stimuli from the surgical area.3

Blocking this afferent neural stimulus with local anaesthetics is a very effective method in

reducing the classical catabolic response to surgery.3 Most elective orthopaedic procedures of the

lower extremity are suitable for regional anaesthetics. However, hypotension due to spinal and

epidural anaesthetics is a common side effect. The sympathic blockage causes vasodilatation that

leads to a decrease in blood pressure. This relative fluid loss is reinforced by the absolute fluid loss

through the blood loss during and after surgery. During surgery fluid starts to transsudate to the

“third space”. After transsudation exsudation can occur, as a result of increased capillary

permeability, which is a part of the stress response.13 Changes in blood pressure, circulating

volume, changes in pulmonary resistance or cardiac function can occur suddenly in (older)

patients during cementing or reaming.13 Careful monitoring of these parameters and urinary

output is essential to monitor the fluid balance.13 After surgery fluid changes and low substitution

rates can lead to hypo-tension, nausea and vomiting. Together with pain, nausea and vomiting are

the most common post-operative complaints. In addition to being unpleasant they may also be

important factors limiting early discharge due to impaired rehabilitation.3 

EXPECTATIONS OF PATIENTS

Expectations play a critical role in THR patients.10 It is important that patients and surgeons have

consistent expectations to jointly work toward the same goals.

18

Chapter 2 Review of literature



Pagnano et al.14 found that patients’ expectations regarding surgery were not associated with

their age, gender, joint involved, marital status, or race. Expectations were not correlated with

pre-operative functional health status. However, the expectation of complete pain relief after

surgery was an independent predictor of better physical function and improvement. Also

expectation of low risk of complications from total hip replacement was an independent predictor

of the degree of satisfaction. 

PRE-OPERATIVE TRAINING

Little evidence supports the use of pre-operative education to improve post-operative outcomes

in patients undergoing hip or knee replacement surgery. Pain, physical functioning and length of

hospital stay are hardly influenced. There is evidence that pre-operative education has a modest

beneficial effect on pre-operative anxiety.14,15 There may also be beneficial effects when pre-

operative education is tailored according to anxiety, or targeted at those most in need of support

(e.g. those who are particularly disabled, or have limited social support structures).15,16

ANXIETY REDUCTION

Personality traits and emotional state have a high impact on surgical outcome.17 Most authors

describe a linear relation between surgical outcome and anxiety, with the lowest levels of anxiety

predicting the best outcome.18,19 One should account for gender, age and previous experiences

as these are pre-disposing factors for pre-operative anxiety.20 Walker 20 recommended that pre-

operative information is given verbally with written supplements and that the patient should be

encouraged to ask questions. The use of videotape preparation has been shown to be effective

in reducing anxiety and stress, measured in terms of urinary cortisol excretion and intra-

operative systolic blood pressure increase. Finally it prepared patients better to cope with post-

operative pain.17 

MULTI-MODAL INTERVENTIONS

Multi-modal interventions may lead to a major reduction in the undesirable sequelae of surgical

injury with improved recovery and reduction in post-operative morbidity and overall costs.3 In

optimising peri-operative care many intra-operative and post-operative outcomes have to be

influenced pre-operatively. The success of a fast-track surgery program requires a multi-disciplinary

approach involving anaesthesiologists, surgeons, nurses, and physical therapists.5 Probably the

most important clinician in fast-track surgery is the anaesthesiologist. Because this specialist has

the best overview of the total medical process.

Current anaesthesia practice emphasises pre-operative optimisation, patient selection and

education, improved peri-operative monitoring, more responsive fluid therapy (i.e. avoidance of

hypovolemia and hypervolemia), maintenance of normothermia, and prevention of post-operative

nausea and vomiting.21,22

The multimodal analgesia technique is focussed on blocking the nociceptive as well as the

inflammatory response. Furthermore pain relief has to be present during rest as well as during

movement (movement-evoked pain) to be able to participate in an aggressive rehabilitation
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program to prevent a further setback in physical condition. By preventing this setback a reduction

in morbidity and mortality may be achieved.

The analgesic modalities available for post-operative pain management include regional or

local techniques such as neuraxial analgesia and peripheral nerve blocks as well as wound

infiltration and intra-articular or intra-cavity administration of local anaesthetics. Furthermore

the COX-2 specific inhibitors have become popular for post-operative pain management. The

literature suggests that two routes of administration, when compared with a single route, may

be more effective in providing peri-operative analgesia.23 Besides, opioids sparing analgesia is

desirable24 to prevent adverse effects like nausea, vomiting, sedation, dizziness, drowsiness,

bladder dysfunction, and constipation, all of which may contribute to a delayed recovery.25

PAIN MANAGEMENT

Acute pain in the peri-operative setting is defined as pain present in a surgical patient because

of pre-existing disease, the surgical procedure (with associated drains or complications) or a

combination of disease related and procedure-related sources.23 Post-operative pain is influenced

by clinical factors, patient related and hospital related factors. Clinical factors are site of incision,

nature of analgesia and comorbidity. Patient related factors are: expectations, fear, pain

experiences, foregoing analgesic use, loosing control, socio-cultural factors and gender. Hospital

related is the organisational structure of the hospital.26 Advances in our understanding of the

pathophysiology of post-operative pain have led to the development of effective peri-operative

analgesia regimens.27 Several authors have emphasised the multimodal approach.3,5,27 The

concept of multimodal or ‘balanced’ analgesia suggests that combinations of several analgesics

of different classes and different sites of analgesic administration rather than single analgesic or

single technique provide superior pain relief with reduced analgesic related side effects.3,25,27,28 

The prerequisites for peri-operative pain management should include (but are not limited to):

1) Education and training for healthcare providers, 2) Monitoring of patient outcomes, 3)

Documentation of monitoring activities, 4) Monitoring of outcomes at an institutional level, 5)

24-hour availability of anaesthesiologists providing peri-operative pain management, and 6) Use

of a dedicated acute pain service.23

FLUID BALANCE

Choice of fluid substitution in clinical practice should be guided by an understanding of the

biological and physicochemical parameters. Haemorrheology, haemostasis, vascular integrity,

inflammatory cell function, and the magnitude and duration of intra-vascular volume expansion

are influenced to varying degrees by the donation of different fluids.29 It is almost impossible to

define “balanced” fluid management in an area full of controversies in the use of crystalloids/

colloids and among the colloids themselves and about which a vivid discussion is still going on.30

There is continuing debate with regard to the timing, quantity and type of fluid resuscitation

during elective major surgery. An increasing number of reports warns for excessive peri-operative

intra-vascular volume loading, leading to increased post-operative morbidity and mortality.31

Neither crystalloid nor colloid solutions can be expected to be ideal for every patient and in every

situation. Most authors recommend a balanced approach to fluid management with colloid
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administration to provide haemodynamic stability and maintain urine output of 0.5 ml/kg/h and

crystalloids administered as maintenance fluids.31 The conclusion of a Cochrane review

concerning peri-operative fluid volume optimisation following proximal femoral fracture was:

invasive methods of fluid optimisation during surgery may shorten hospital stay, although their

effects on other important, patient-centred, longer-term outcomes are uncertain. Adverse effects

on fatality cannot be excluded.32 Avoiding the replacement of third space losses and pre-loading

can significantly reduce the crystalloid load.31 Albumin and dextranes have barely any indication

anymore as a plasma substitute. It seems that the ideal colloid has to be found in the new

generation medium molecular hydroxyethylstarch fluids.30 

ANAEMIA

Prosthetic surgery is associated with considerable blood loss and blood transfusions are frequently

necessary. Even with haemovigilance an overall transfusion rate of 25 to 30 percent is still

present.33 Generally transfusion rates in literature vary from “blood less” surgery to up to 70%.

Blood transfusion is associated with a number of well-recognized risks and complications,

including allergic reactions, transmission of infectious agents, and immunomodulatory

effects.34,35

The first step in modern transfusion medicine is to implement a restrictive transfusion policy.

The introduction of this policy should be accompanied by thorough education of both medical

and nursing staff. The education should be repeated several times to prevent a relapse to the less

rigid regiment and to support the current policy.33 

Besides the restrictive policy several interventions to diminish the use of allogeneic blood are

commonly in use. Frequently used alternatives are pre-operative erythropoietin injections, 36-38

pre-operative autologous blood donation,37,39-41 peri-operative42,43 and post-operative cell saving.
44,45

There are however, limited data about the relationship between anaemia and functional

recovery. In clinical practise fatigue, weakness, and diminished physical performance are widely

accepted signs of anaemia.46 Although blood transfusion increases haemoglobin levels the

benefit on physical performance after surgery is unclear. During treadmill testing in normal

healthy, fit subjects who underwent phlebotomy a reduction in maximum oxygen consumption

(VO2,max) is proportional to haemoglobin level after phlebotomy.47-49 However, currently there

is little clinical evidence that post-operative haemoglobin levels above 8 g/dl improve functional

recovery. One retrospective trial published by Lawrence et al.46 demonstrated that post-operative

increased haemoglobin levels are associated with better short-term functional recovery after hip

fracture repair. Most of the published data relating anaemia to function have come from clinical

trials evaluating recombinant human erythropoietin in end stage renal failure, orthopaedic

surgery, and patients undergoing cancer chemotherapy. Unfortunately most studies were small

with low statistical power and data from prospective trials are lacking.50 In a recent prospective

trial evaluating 200 patients four days after total hip replacement, no correlation between blood

loss and a decline in power output was detectable.51
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MINIMAL INVASIVE HIP SURGERY

In other types of surgery (laparoscopic colorectal resection, appendicitis, splenectomy and

inguinal hernia repair), meta-analyses have been published demonstrating that despite longer

operative times, scopic surgery had significant fewer complications and shorter average length

of stay.52-57 For orthopaedic surgery only few and contradictory reports have been published

about the results of less invasive surgery. Whether minimal invasive surgery is really less

traumatic surgery remains to be established. Goldstein et al.58 argued that a smaller incision does

not necessarily mean less pain or faster recovery. Kennon et al.59 only found cosmetic advantages.

Finally, does functional recovery improve? Lawlor et al.60 did not find any difference between a

standard incision of 16 cm compared to single incision minimal invasive hip replacement (≤10.0

cm). This was a single surgeon, prospective randomised blinded trial with functional recovery

as primary outcome. The other contrasting studies like Wenz et al.61 used a historical cohort and

multiple surgeons. Di Gioia et al.62 who detected significant differences used a retrospective

design with small patient numbers (n=33).

Finally, conventional hip replacement already provides excellent pain relief, functional

improvement, and durability with a low complication rate. One might question whether implant

malposition, neurovascular injury, poor implant fixation or compromised long term results might

be the result of the reduced visualisation.63 Fehring et al.64 reported a series of three serious

complications to illustrate the fears of bluntly adapting a new technique. As it is not known

whether lower-volume and less-experienced surgeons can achieve similar results, the mini-

incision technique merits further study before wide implementation of this family of surgical

approaches can be recommended.60,65

PHYSICAL RECOVERY

Orthopaedic surgery innovations like minimal invasive surgery may contribute positively to

optimising quality of care and further reduction in length of stay. Unfortunately little is known

about the load and loadability during the first days after surgery. To justify a further reduction in

length of stay, knowledge about recovery and physical loadability is needed. However, objective

measures are lacking to estimate the true value of expensive innovations like minimal invasive

surgery. One of the functional outcome measures is physical fitness. This requires cardio-

pulmonary exercise testing (CPX). Maximal power output is the simplest way to reflect

performance ability. However, pain and motivation influence performance. Therefore, one needs

to re-define maximal performance in these patients. To monitor physical recovery, regular cardio-

pulmonary exercise testing can be useful. Maximum symptom-limited cardio-pulmonary exercise

testing after total hip replacement has been reported.66,67 During early post-operative exercise

testing it was shown that patients had a drop in physical condition of about 23% on day four.51

POST-OPERATIVE PHYSICAL THERAPY (PT)
Reports about the usefulness of post-operative physical therapy, the intensity and duration are

conflicting. Some reports with relatively long length of stays (LOS) are mostly negative about the

usefulness of PT. Liang et al.68 found no differences in LOS, functional status or surgical

complications, and Lang69 found no differences in LOS or discharge outcome if 6-days a week
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PT was compared to 7-days a week PT. Rapoport et al.70 and Hughes et al.71 however, found

that weekend coverage reduced LOS. More recent reports found positive effects of PT. Gilbey

et al.72 found a positive effect of an 8-week customized exercise program applied to patients

scheduled for THR, followed by a post-surgery exercise program, compared to controls who

received only routine in-hospital physical therapy. Freburger73 found that PT intervention was

directly related to the total costs of care. These costs were less than expected and clearly

weighed up to an increased probability of faster discharge home. Although post-operative PT

seems useful, more research is needed to determine the optimal frequency and dosing of this

therapy.

NUTRITIONAL SUPPORT

Surprisingly little evidence is available to support a significant impact of nutritional support on

post-operative clinical outcomes.74 In theory the goals of peri-operative specialized nutrition

support (SNS) are first to restore the nutritional status of a depleted patient pre-operatively,

reduce operational risks, then to support the depleted patient through the catabolic phase

induced by surgery, and finally to enhance the healing process and the return of gastro-intestinal

function so normal oral food intake can be restored.75 SNS pre-operatively can be parenteral or

enteral. Howard et al.75 concluded that pre-operative parenteral is only indicated in severely

malnourished patients. For mildly or moderately malnourished patients parenteral nutrition

clearly created more risk than benefit.75 Routine post-operative parenteral nutrition is

inappropriate, unless long-time oral food intake is disturbed. Howard et al.75 concluded that pre-

operative enteral nutrition is of benefit in malnourished patients and the benefit may be enhanced

by using of immune-enhancing diets. However, the pre-operative home build-up expensive

immune-enhancing formula is not yet feasible, and post-operative SNS is generally not indicated

after surgery.76

CONCLUSION

It is clear that a multi-modal approach is essential in rapid recovery. The use of a critical pathway

combining peri-operative pain management with a shift from general to local anaesthesia and

opioid sparing, besides careful fluid management and restrictive transfusion policy, are the best

options for most patients. The current tendency in fluid management is restrictive per-operative.

A correct dosage of fluid therapy improves patient outcome after surgery, whereas correct fluid

therapy is even more important when a restrictive blood transfusion policy is executed. The need

for well-defined studies of intra-operative and post-operative fluid therapy are mandatory. Now

most patients are treated in accelerated stay programs and even light morbidity like nausea and

vomiting can prolong the length of stay. Pre-operative training does not seem to be beneficial

except for anxiety reduction, whereas post-operative physical therapy is likely to be effective.

Whether minimal invasive surgery contributes to faster recovery, remains to be established. Peri-

operative nutritional support has no place in elective hip and knee surgery.
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CHAPTER 3

Critical pathway for hip and knee
replacement;
Faster home due to multidisciplinary
cooperation
Pilot P, Engelen M, Dreessen F, van Os JJ, Kuipers H

Critical pathway for hip and knee arthroplasty; 

Faster home due to multidisciplinary cooperation. 

J Integr Care Pathways 2006;9:1-4



ABSTRACT

Clinical pathways (CP) for hip and knee replacements appear to be successful in reducing costs

and length of stay in the acute care hospital, with no compromise in patient outcomes. These

programs are proven to score excellent on quality indicators as well as high patient and health

care professional satisfaction. We describe the principles, advantages and outcomes of the CP

used in our hospital. 
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INTRODUCTION

In the next decade a significant increase in total hip and knee replacements is expected. Until

the year 2020 an increase of 50 percent can be expected.1 This prognosis can be made based

upon the ageing of the population and the implantation of prosthesis’s in younger patients.1

Whereas the number of hospital beds will decrease to fulfil the clinical capacity norm set by the

government.2 If no adjustments will be made waiting lists will increase. On the other hand

intense pressure to reduce health care costs have led many health care organizations to seek

strategies that reduce resource utilization while maintaining the quality of care.3 One of these

initiatives was the development of critical pathways, also known as clinical pathways or care

pathways. Critical pathways are management plans that display goals for patients and provide

the corresponding ideal sequence and timing of staff actions to achieve those goals with optimal

efficiency.3 They are designed to minimise delays and resource utilization and to maximize

quality of care.4 The approach and goals of critical pathways are consistent with those of total

quality management (TQM) and can be an important part of an organization's TQM process.4

Also the introduction of diagnose related groups (DRC’s) in many countries have intensified the

process of cost reduction.

In a recent literature review Kim et al.5 concluded that clinical pathways for hip and knee

replacements appear to be successful in reducing costs and length of stay in the acute care

hospital, with no compromise in patient outcomes. However, interpretation of these studies is

complicated by substantial methodological limitations, particularly the use of historical controls

and failure to account for length of stay in rehabilitation facilities.5 At this moment about two-

thirds of the Dutch hospitals use some kind of clinical pathway for the treatment of total hip or

knee replacement. Half of these hospitals scored very well when seventeen quality indicators

were tested.6

In 1998 we started to search for a way to reduce length of stay (LOS) for our hip and knee

replacements without loosing quality of care, overloading the (para-)medical staff or shifting care

to the general practitioners. Finally we started in February 2000 with our first patients treated

in a critical pathway for total hip and knee replacement. The program was introduced by an

industrial partner and launched under the name ‘Joint Care Orbis’. Following other hospitals

proceeding Sittard, the project was carried out with two major goals: Improving quality of patient

care for patients awaiting hip or knee replacement surgery. And secondly, realising a more

efficient level of co-operation in and outside the boundaries of the hospital setting.

First we will describe the concept of the critical pathway we used. Secondly, a short

presentation of the medical outcomes over the first four years is given. Finally, we will discus

the gains and future aspects.
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New aspects of this healthcare concept were:

• More extensive information to the patient. The pre-, peri- and post-operative level of

communication and information was optimised.

• Pre clinical planning of the total care project, also outside the hospital.

• The patient is not seen as ‘sick’ but as disabled. During the total program a coach guides

the client. This coach is someone close to the patient.

• Group therapy and hospitalisation in living room simulation

• Intensive after care. A 24-hour call centre after discharge is available for patients during the

first weeks. In case of problems direct contact with physical therapist or medical doctor can

be made.

From the beginning of the project all hospital partners like ‘home care nurses’ and general

practitioners were involved in the project. Through this a solid base for cooperation was

established. Education and collective treatment were the corner stones of this new treatment

approach. After the decision about hip or knee replacement was made, the patient was optimally

informed. This process started when patients left the consulting-room and received an

information chart. After this the pre-operation visit was scheduled. During this consult patients

saw the orthopaedic surgeon, the anaesthesiologist, a physical therapist and a nurse. In addition,

once every month a collective information meeting was held. During this meeting patients saw

an instruction video, presentations of the previous mentioned specialities and a patient with his

coach. In this meeting patients were able to ask questions and saw a patient who just had hip

or knee replacement surgery.

At the night of admission all patients were admitted jointly. This started with an information

video about the clinic, routine check up and blood sampling. After surgery patients received

written instructions with the daily program each day. This information was also available in their

info chart. Active rehabilitation started the day after surgery and the day before discharge the

patients were briefed by the ward doctor, physical therapist and the nurse about the time after

hospitalisation. This session was ended with a video about the situation at home. 

Maximum effort of the patient in arranging front care was the starting point in transmural

healthcare planning (defined as the interface between primary and secondary health care).

Wherever needed assistance was given. After discharge, a shift of hospital care towards home

nursing care was prevented. During the pre clinical visit estimation was made about the care

needed after discharge. The official government organ estimated home care neediness before

admission instead of during admission. Clear criteria were present to make the judgement about

the provided care. By doing so, a better capacity planning of the home care institution was

possible. After the total care program was taken care of, the operation date was confirmed.

The patients started their rehabilitation the day after surgery. When they all walked to a

living room. This room was patient friendly, without beds and patients stayed here all day in

specially designed chairs. The chairs were designed in a way that patients could change the

position to a supine one by their selves. In this room all activities took place like physical therapy,

lunch and also the resting hours. 

Early involvement of the relatives had two advantages. Firstly, the hospitalisation was less

of a threat to the patient due to the presence of a coach. This coach could relieve the nursery
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from some tasks like handing coffee of walking the patient to the toilet. These things provided

a confident return home for the patient and his relatives. Secondly, the nurse could shift her task

during the hospitalisation from care to guiding tasks. The time won in this process could be used

to answer the phone calls at the helpdesk or perform the telephonic interviews after discharge.

In daily practise most patients were able to provide their own coach, if this was not possible

other coaches of the group took over this role. In the daily process coaches made arrangements

with each other about their presence. At discharge no other measures than in the old situation

were taken. 

One of the goals of the project was to prevent a shift of care towards the first line due to

the shortening of LOS. Therefore the following measurements were taken: Two days after

discharge the home nurse service provides wound care. They had received thorough instructions

by the hospital. The coach took part in the communication with the care providers. A telephonic

helpdesk is available 24-hours a day. Two weeks after surgery the stitches were removed at

home.

RESULTS

The first consecutive series of patients were evaluated.7 These patients were operated on from

February 2000 to February 2004. Because the Joint Care® program had limited capacity only

45% of all hips was treated in this critical pathway. Of these total hip replacements (THR) 92%

was discharged at the fifth post-operative morning. Half of all patients who were not discharged

had wound related problems; most of these patients were discharged two days later. Readmission

rate was 6.4 percent of all patients. Half of these patients were readmitted because they

dislocated their hip prosthesis. Some of these dislocations were years after the operation.7

Surgical debridement was needed in 1.2% of all cases. None of these patients had an extraction

of their prosthesis. Serious complications like infection, luxation and pulmonary embolism were

comparable to literature.8-10

Because initially only ASA I and II patients were treated in Joint Care® we choose not to

compare them with the patients treated outside the program. The selection bias can be a large

confounder, especially for length of stay. But on the other hand we believe that compromised

patients would benefit more from an accelerated stay program than the relatively fit patients.

Because patients with very low physical conditions are more prone to serious complications.11

And after hip replacement surgery patients showed a major setback in physical condition, on

average 23 percent.12 In regular treatment these compromised patients might suffer most from

the tranquil period present during the first days after surgery. Whereas in accelerated stay

programs this problem might be less. 

FUTURE

Critical pathways are management plans to achieve goals with optimal efficiency 3 and to

maximize quality of care.4 Maybe a more extensive approach of the CP was made by Kehlet and

co-workers who synthesized, integrated and applied research information in a comprehensive

programme, now commonly referred to as ‘fast-track surgery’.13 The success of a fast-track

surgery program requires a multidisciplinary approach involving anaesthesiologists, surgeons,
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nurses, and physical therapists.13 The thrust of this fast track approach was to reduce the

physiological and psychological stresses associated with operations, thereby reducing potential

complications. In optimising peri-operative care many intra-operative and post-operative

outcomes have to be influenced pre-operatively.14 Fast-track surgery evolved as a coordinated

effort, combining modern concepts of patient education with newer anaesthetic and analgesic

methods and minimally invasive surgical techniques; the intention was to reduce the stress

response, and minimize pain and discomfort. The key pathogenic factor in post-operative

morbidity, excluding failures of surgical and anaesthetic technique, is the surgical stress response

with subsequent increased demands on organ function.14 Therefore pre-operative optimisation,

improved peri-operative monitoring, early resuscitation, more responsive fluid therapy (i.e.,

avoidance of hypovolemia and hypervolemia), maintenance of normothermia, and prevention of

post-operative nausea and vomiting15,16 are the challenges.

CONCLUSION

In summery, if we evaluated the first four years of total hip and knee replacement in a critical

pathway a continuum of the care chain was made. A reduction in the LOS without compromising

the quality of care or reduction in the self-supportiveness of the patients was established. Patients

treated outside the critical pathway are currently treated in almost the same way, except for the

group treatment and the use of a coach. All other aspects are the same. For further reduction in

LOS, without compromising the quality of care, reducing the surgical stress response might be

the most logical step. 
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CHAPTER 4

Feasibility of early maximal cardiopulmonary
exercise testing after total hip replacement
Pilot P, Verburg AD, Moonen AFCM, Koolen JJ, van Os JJ, Geesink RGT, Kuipers H

Feasibility of early maximal cardiopulmonary exercise testing after total hip 
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ABSTRACT

Background

Total hip replacement has been the most successful orthopaedic operation of the last decades.

Nowadays, most patients are treated in accelerated or short stay programs. To determine the

success of modifications in surgical procedures and early rehabilitation programs a better

knowledge of the physiologic alterations after surgery is necessary. 

Methods

Cardiovascular fitness was assessed in 50 primary total hip patients. Patients performed an

incremental increase exercise test on a cycle ergometer with continuous ECG and a metabolic

cart. All patients were pre-operatively divided into three groups based on their physical condition. 

Results

In all three groups a clear decline in exercise capacity shortly after surgery was seen, all groups

showed a fast recovery in the first three weeks. After this period a steady recovery towards

‘complete’ recovery is seen. No exercise test had to be terminated premature due to adverse

events. 

Conclusions

Early post-operative exercise testing is feasible in patients shortly after total hip replacement.

Patients showed a reduction in exercise capacity of 22 percent and this capacity had normalised

almost completely after three months. No significant cardiac abnormalities were noticed during

exercise testing of these healthy patients.
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INTRODUCTION

Total hip replacement has been the most successful major orthopaedic intervention of the last decades.

Nowadays, most patients are treated in accelerated or short stay programs, in which hospital stay is

reduced to five or six days.1 Besides the significant reduction in length of stay the transfusion policy

is changed to a restrictive one due to the known risks of allogeneic blood transfusions.2 After total hip

replacement patients suffer from so called ‘surgical stress’. The body responds to the surgical stress

with profound changes in neural, endocrine and metabolic systems in addition to alterations in organ

function.3 Symptoms of surgical stress are nausea and vasovagal reactions.

Recent innovations like minimal invasive surgery might contribute positively to a further

reduction in length of stay. However, little is known about the load and loadability during the first

days after surgery. To justify a further reduction in length of stay, knowledge about recovery and

physical loadability is needed. Unfortunately, objective measures are lacking to estimate the true

value of expensive innovations like minimal invasive surgery. One of the functional outcome

measures is physical fitness. This requires cardiopulmonary exercise testing (CPX). Although the

feasibility of CPX testing in arthritis patients has already been established,4-8 no reports about CPX

testing four days after surgery have been published.

Objectives of this study were to develop a test protocol and assess the feasibility of this early

maximum symptom limited cardiopulmonary exercise testing. Furthermore we wanted to obtain

reference values of cardiovascular fitness before and after surgery.

MATERIALS AND METHODS

After consenting, 50 patients were included in an accelerated stay program project (Joint Care®,

Biomet, The Netherlands) after total hip replacement. Excluded were patients with recent

cardiac or pulmonary complaints. Well-regulated hypertension was no contra indication.

Cardiovascular fitness was assessed in 50 healthy patients scheduled to undergo elective primary

total hip surgery. Patients average age was 63, (range 39-82). The study was approved by the

institutional review board of our hospital. All patients received written study information and

signed an informed consent. After consenting, patients who volunteered to participate in the

study, performed a symptom limited incremental exercise test on a cycle ergometer for assessment

of cardiovascular fitness. This test was conducted within two weeks prior to surgery. 

In the present study the cycle ergometer was preferred because work-out efficiency is more

similar between trained and untrained, young and old, male and female subjects compared to a

treadmill. Besides, patients with end stage osteoarthritis prefer cycling to walking and cycling is a

familiar mode of exercise in Dutch patients.

Crank length was reduced from 17.5 cm to 8 cm to diminish range of flexion needed in the

hip to be able to compare the subjects with total knee patients in a later stage. The frequency had

to be more than 40 revolutions (rpm) per minute whereas no maximum rate was set. During testing,

a multi-channel ECG was recorded. Patients performed a four stage, incremental increase exercise

test on a Recohr P cycle ergometer (Lode, Groningen, the Netherlands). Crank length was reduced. 

Exercise protocol

After calibration of the metabolic cart, the patient was seated on the ergometer. Each patient was

instructed about the test and the stop criteria. The ECG electrodes and the metabolic cart were
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connected. The exercise protocol had four stages, warming-up, sub-maximal, incremental symptom

limited maximal phase, cooling-down. After two minutes of warming up at 0 watt, the sub maximal

phase consisted of 2 minutes at 20 watts, two minutes at 40 watts and two minutes at 60 watts.

After the sub-maximal phase the workload was increased every minute, by 10 watts. After the

incremental phase the cooling down was the same as the warming-up phase.

The test protocol was designed in such a way that most tests would take approximately 10

minutes after warming-up, which is considered an optimal test length.9 Stop criteria were

defined: if the patient wants to stop, ST-depression of >3 mm, Significant T-top changes, increase

in ectopic beats during incremental load, chest pain, decreased consciousness, or any negative

observation that seems clinically relevant to the investigator. 

Inspiratory and expiratory gases were analysed using a metabolic cart (Oxycon Delta, Jaeger

Tonnies). ‘Breath by Breath’ analysis was used to measure the oxygen consumption (VO2; ml/min),

carbon dioxide production (VCO2; ml/min) and minute ventilation (Ve; l/min). To assess

cardiovascular fitness the maximum VO2, maximum Wattage and Wattage at RER=1.0 were used

as primary outcome parameters. The abbreviations of physiological variables used in study are listed

in Table 1. Patients were tested pre-operatively, and on day 4, 23, 39, and day 90 post-surgery.

Maximal exercise is defined as reaching 85 percent of the age predicted maximum target

heart rate (APMTHR)10 or respiratory exchange ratio (RER) above 1.0. After the initial exercise

test patients were classified according to the American Heart Association.9 This classification is

based on oxygen uptake, age and gender. Dividing patients into the poor, average or good

condition group.

Surgery

The majority of patients was operated on under spinal anaesthesia (90%). The approach was in 72%

straight lateral and 28% postero-lateral. In 46% uncemented, 30% cemented, 20% hybrid and 4%

reversed hybrid. Head size was 28 mm in all cases.

Data handling and statistical analysis

The data were stored in a database and ANOVA analyses with post-hoc multiple comparisons,

using the Bonferroni correction, were done. Alpha was set on 0.05 on the mean variables. The

analysis was done with SPSS 10.0.5 (SPSS Inc. Chicago Illinois). 
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Table 1. Abbreviations of the physiological variables

Wmax = maximum power output produced by the patient
VO2,max = maximum oxygen consumption (ml/min)
VCO2 = carbon dioxide production (ml/min)
Ve = minute ventilation (L/min)
RER = Respiratoire exchange ratio
%APMTHR = Percentage of Age Predicted Maximum Target Heart Range 
METs = Metabolic equivalent of resting value 



RESULTS

50 patients were included in the study. During the study period two patients dropped out, one

patient after the clinical period because of dislocation of the prosthesis, the other after a trauma

at home, which had no relationship with the study. The data gather of these patients were

analysed according to ‘the intention-to-treat’ principle.

Patient characteristics are shown in Table 2, and the exercise test values are presented in Table 3.

Patients were stratified by pre-operative condition into groups according to the AHA classification.9

Age and gender were accounted for in this classification. These data are shown in Figures 1, 2.

All patients showed a clear reduction of power output (Watt) and oxygen consumption

(VO2,max) post-surgery. In all three groups a clear decline shortly after surgery was seen, all

groups showed a fast recovery in the first three weeks (Figures 1, 2). After this period a steady

recuperation towards ‘complete’ recovery was seen. Only the recovery of the anaerobic threshold

was not observed within this period (Table 3). It was notable that the patient group with a pre-

operatively good condition showed a power output on day 4 that was higher than the average

value of the other two groups pre-operatively. 

A number of patients did not achieve maximal effort, as defined, on the pre-test. These

results were shown in Figure 3. These patients also had a major decline in power output early

after surgery. Significant detail was the set back seen three months after an initial improvement

during the weeks after surgery.

Cardiac events did not occur. No exercise test had to be terminated prematurely due to

abnormalities on the ECG, sign of ischaemic heart disease or pain in the operated leg. None of

the patients had a negative test, nor did any patient receive additional pain medication in order

to be able to cycle.

All patients were able to perform the testing on day two after surgery. Not all patients

reached the preset level (56% achieved complete testing). 

Statistics

For VO2,max the ANOVA was significant for all moments except day 90. Post-hoc analysis showed

that the poor condition group was significantly different from the good condition group at all
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Table 2. Patient characteristics of the patients divided into groups by pre-operative condition by criteria of the AHA

poor/fair (N=19) Moderate (N=24) Good (N=7)
Average Range STDEV Average Range STDEV Average Range STDEV

Age (yr) yr 66 39-82 12.5 63 51-77 6.5 61 51-67 4.9
Weight kg 80 67-100 8.2 74 57-94 8.5 76 63-85 9.6
Length m 1.72 1.55-1.85 0.081 1.69 1.55-1.80 0.067 1.72 1.6-1.78 0.059
Body mass kg/m2 27.2 22.6-32.3 2.4 25.9 22.8-31.4 2.3 25.9 20.8-29.4 3
index
Harris Hip 54 32-73 12.3 60 44-79 9.3 62 31-94 21.8
Score
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Table 3. Exercise variable.

pre operative (N=50) day 4 (N=49)
Ave. Range SD Ave. Range SD % pre

Maximum workload W 106 (41-195) 41.3 79 (22-138) 30.9 78
Peak heart rate BPM 134 (96-167) 18 132 (97-163) 18 100
% predicted max. target HR % 86 (64-105) 10.3 85 (62-100) 10.2 99
Peak VO2 ml/min 1747 (820-3188) 603 1381 (599-2436) 375 79
Peak VO2 corr. Body weight ml/kg/min 22.5 (11.1-36.3) 6.3 17.8 (9.5-26.4) 4.0 79
percentage of pred VO2
total ventilation L/min 56.1 (21.1-110) 21.1 52.5 (17.9-91.3) 16.1 94
oxygen pulse ml/beat 12.7 (6.5-22.3) 3.5 10.3 (6.1-17.2) 2.5 81
RER at peak exercise 1.04 (0.87-1.27) 0.09 1.08 (0.81-1.26) 0.1 104
Anaerobic threasurehold ml 1604 (919-3080) 523 1214 (623-2162) 322 76
AT corr. Body weight ml/min/kg 20.3 (12.3-26.2) 5.54 15.2 (9.9-21.5) 3 75
W at AT W 91 (25-195) 37.5 64.7 (25-120) 23.3 71
HF at AT BPM 126 (102-167) 16.1 124 (75-156) 15.7 98
percentage RER>1,0 % 70 82 117
percentage >85% APTHR % 48 53 110
% RER>1,0 of >85%APTHR % 78 86 110
%RER>1,0 + >85%APTHR % 40 51 128

Figure 1. VO
2,max

values of the three patient groups as function over time. All points are ± S.E.M. 
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day 23 (N= 40) day 39 (N=45) 3 months(N=41)
Ave. Range SD % pre Ave. Range SD % pre Ave. Range SD % pre
94 (44-153) 32.6 87 100 (45-170) 33 94 107 (47-181) 36.2 102

138 (102-167) 16.5 103 139 (106-173) 17.0 103 137 (101-161) 16.3 102
88 (67-109) 10 102 89 (71-105) 9.9 103 87 (61-105) 9.9 101

1559 (848-3024) 484 89 1612 (842-3084) 507 92 1660 (925-2903) 515 95
20.1 (12.1-32.2) 5.2 89 20.6 (12.0-32.8) 5 92 21.2 (12.1-35.1) 5.3 94

57.9 (28.9-110) 20.2 103 58.6 (27.8-112) 19.6 104 61.9 (29.9-108) 20.5 110
11.1 (6.6-20.0) 3.1 87 11.4 (6.8-19.2) 2.9 90 12.0 (7.5-19.0) 3.1 95
1.12 (0.97-1.26) 0.10 108 1.14 (0.98-1.38) 0.09 110 1.16 (0.99-1.37) 0.10 112
1239 (734-2625) 482 77 1260 (772-2506) 367 78.6 1307 (767-2421) 394 82
15.8 (10.1-27.9) 4.3 78 16.3 (9.7-28.0) 3.6 80.3 15.9 (10.2-28.2) 4.5 78
64 (20-115) 25.5 70 73 (40-132) 26.1 80.2 71 (25-150) 30.2 78

122 (87-158) 15.4 97 121 (81-158) 15.7 96 117 (73-142) 16.1 93
88 126 89 127 98 140
68 142 67 140 63 131
95 122 93 119 98 126
59 148 64 160 63 158

Figure 2. Maximum power output (Watt) of the three patient groups as function of time. All points are ± S.E.M. 
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moments except from day 90 (all p<0.01). The average condition group was only pre-operatively

significantly different (p<0.001) from the other two groups. This difference was not significant

after surgery except for day 39 (p=0.007).

For Wmax the ANOVA was significant for all moments. Post-hoc analysis showed that the poor

condition group was significantly different from the good condition group at all moments (all

p<0.022). The poor and average group did not. The average and good groups were significantly

different at all moments (p<0.01).

DISCUSSION

The feasibility of pre-operative and three months post-operative exercise testing in patients with

osteoarthritis has been shown in several studies.4-8 In this study it was shown that it is also

feasible and safe to perform CPX testing in healthy patients on the fourth post-operative day. Pain

in the operated leg was no limiting factor. On average, patients showed a decrease in power

output of about 22%, independent of their ability to perform maximal effort.

On day four patients showed a reduction of 22 percent in power output, 21% in maximum

oxygen transport capacity and a 24 percent decrease in anaerobic threshold (AT). Because peak

heart rate in these patients was the same and total ventilation only decreased six percent it can

be said that patients had a similar maximum test but reached a lower output. Blood loss and

surgical stress probably explain this reduction. The pre-operative values we measured were

slightly higher than found by Philbin et al.5 (106 vs. 83 Watt and 22.5 vs. 15.1 ml/min/kg).

This difference is probably because we used a younger patient population (64 vs. 68 Yrs; BMI:

26.4 vs. 30.3). Also the reduction in crank length might have contributed positively.

The reason that the pre-operatively fit patients have a larger decline in exercise capacity and

oxygen consumption may be explained by the fact that physically active patients suffer more
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Figure 3. The total patient group divided into two groups; Maximal achiever reached a maximum test result on

the pre test and day 4 test. Maximum test was defined as reaching 85% APMTHR or RER above 1.0.

All points are ± S.E.M.
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from this quiescent period. This, in contrast to patients with a fair or poor condition, who are

activated by the rehabilitation process. 

Most patients function normally three to six months after surgery. Although routines in daily

life can be performed without limitations, it is to be expected that a further recovery of exercise

capacity can be seen after three months.6,8 A possible confounder can be other joint involvement.

Most patients in our study population presented an exercise capacity comparable to a normal non-

osteoarthritis population. For this reason, it is difficult to predict the final ‘endpoint’ of activity

level.

Post-operative (day 4) fitness parameters in physically fit patients were higher than pre-

operative values of the rest of the group (Figure 1). Besides family care, the two important factors

influencing time of discharge from hospital are wound healing and physical recovery. In our

normal population 92 percent is discharged, according to protocol, on the fifth post-operative

morning.1 When LOS is further reduced, physical load during rehabilitation will increase. The

use of pre-operative exercise testing might be helpful to judge whether patients are suited for

faster discharge than the regular set duration of five days. Because the non-maximal achiever

showed similar decline in exercise capacity (Figure 3), motivation is also an important factor.

This motivation can be tested with CPX testing.

One of the most demanding activities of daily life (ADL) is climbing stairs. This exercise

starts on day three of rehabilitation and takes four times the resting metabolic rate (4 METs).10

For patients with a moderate or good physical condition this is below anaerobic threshold. For

most patients in the fair or poor condition group this is below peak oxygen consumption but

above AT and must be classified as strenuous exercise. It is clear that in our healthy group this

exercise can be done early after surgery without cardiac risks because no relevant cardiac

abnormalities were manifest at exercise testing. However, if this is also true for total joint

replacement patients with serious co-morbidity remains to be seen. Older et al.11 reported a

three times higher mortality rate in major abdominal surgery for patients with an anaerobic

threshold below 11 ml/min/kg (5.9% versus 18%), and a ten times higher mortality in patients

with a known ischaemic cardiac history (4% versus 42%). In our data almost all patients had an

AT above 11 ml/kg/min and showed no pre-operative ischaemia. 

In conclusion, our results show that it is feasible and safe to perform maximum symptom limited

CPX testing in patients four days after total hip replacement. It is safe to test a larger population.

Exercise capacity of patients is reduced by 22 percent early after surgery and normalises in the

following three months. During this period the anaerobic threshold remains lower, especially in

the fit patients. No significant cardiac abnormalities have been noticed during exercise testing

of this healthy patient group, nor did any patient complain about pain during or after cycling.

Larger patient groups are needed to determine the influence of post-operative blood loss and

physiological condition. For this purpose a further stratification of age, gender and pre-operative

condition is needed.
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on exercise capacity after total hip
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ABSTRACT

To determine the success of modifications in surgical procedures and early rehabilitation programs

a better knowledge of the physiologic alterations after surgery is necessary. Cardiovascular fitness,

with an incremental cycle ergometer exercise test, was assessed in 200 primary total hip

patients. Maximum power output (Wmax) oxygen uptake (VO2,max) were recorded. In general

23% Wmax(20% VO2,max) decline after surgery was seen. The physically fittest patients had a

decline of 28% Wmax (28% VO2,max), whereas patients with a poor condition only had a decline

of 11% Wmax (3% VO2,max). Patients with a good or average condition had a significantly lower

exercise capacity during the first weeks compared with pre-operative, while the poor group had

no significant decline. At twelve months, the poor condition group was the only group with a

significant increase in exercise capacity compared to preoperative level. No significant cardiac

abnormalities were noted during exercise testing of these healthy patients.
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INTRODUCTION

Comorbidity or high age are no longer reasons for exclusion from major orthopaedic surgery.

Together with modern transfusion policies and short stay programs, in which hospital stay is

reduced to less than six days,1 cardiovascular work load is increased.

Major surgery causes a variety of physiological, subjective and behavioural changes that are

collectively known as surgical stress, being the stress response to surgery.2,3 Surgical stress

combined with aging, comorbidity and moderate post-operative anaemia increases the energy

demands. If the patient is unable to compensate for the anaemia during increased circulatory

demands, this may lead to serious cardiac adverse events. Although reinfusion of autologous blood

in sports to enhance aerobic performance is well recognised,4 little is known about the decline in

haemoglobin level and possible changes in exercise capacity the first days after surgery. If no blood

transfusion is given in patients with post-operative haemoglobin (Hb) levels above 8.0 g/dl or

higher this does not influence the risk of 30- or 90-day mortality in an elderly population.5

However, morbidity and mortality in Jehovah’s Witness, who refuse blood transfusions for

religious reasons, does increase when untreated Hb levels below 7.0 g/dl do occur after surgery.6

However, these extreme Hb levels are exceptional in clinical practice and the question arises to

what extent exercise capacity and morbidity are influenced by moderate anaemia.

During treadmill testing in normal healthy subjects that underwent phlebotomy a reduction in

maximum oxygen consumption (VO2,max) is proportional to haemoglobin level after phlebotomy.7-9

There are however limited data concerning the relationship between anaemia and functional

recovery, and in clinical practice fatigue, weakness, and diminished physical performance are

widely accepted signs of anaemia.10 Although blood transfusion increases haemoglobin levels

the benefit on physical performance after surgery is unclear. Currently there is little clinical

evidence that post-operative haemoglobin levels above 8.0 g/dl improve functional recovery.

One retrospective trial published by Lawrence et al.10 demonstrated that post-operative increased

haemoglobin levels are associated with better short-term functional recovery after hip fracture

repair. Unfortunately data from prospective trials are lacking.

The current prospective trial was designed to investigate the relationship between power

output and the severity of anaemia after total hip surgery. The pre-operative exercise capacity is

compared with day four and 23. Because all patients were ambulant for several days, one might

assume normovolemia on the day (4) of post-operative exercise testing. Our objective was to

establish the relationship between post-operative decrease in haemoglobin concentration and the

decline in power output on a bicycle ergometer four days after surgery.

MATERIALS AND METHODS

Cardiovascular fitness was assessed in 200 healthy patients (ASA I & II) scheduled for elective

primary total hip replacement. All patients were treated in an accelerated stay program (Joint Care®,

Biomet, the Netherlands). In this program patients start their rehabilitation (e.g. walking) on the

first day after surgery. Patients with severe cardiovascular abnormalities or pulmonary abnormalities

were excluded. If post-operative haemoglobin level dropped below 8.0 or 8.8 g/dl-1 patients were

transfused. This decision was made by the anaesthesiologist based on the ASA classification and

the course of the operation. 

The institutional review and ethics board of our hospital approved the study. All patients

received oral and written information and signed an informed consent. After consenting, patients
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who volunteered to participate in the study performed a symptom limited incremental exercise

test (CPX) on a cycle ergometer to assess cardiovascular fitness. This test was conducted within

two weeks prior to surgery. During testing, a multi-channel ECG was recorded. Patients

performed four stages incremental exercise testing on a Recohr P bicycle ergometer (Lode,

Groningen, The Netherlands). Crank length was reduced from 17.5 cm to 8 cm to limit the

range of flexion needed in the hip. The frequency had to be more than 40 revolutions (rpm) per

minute whereas no maximum rate was set.

Exercise protocol

After calibration of the metabolic cart, the patient was seated on the ergometer and the

appropriate saddle height was set. Each patient was instructed about the test and the stop

criteria. Stop criteria were defined as: ST-depression exceeding two millimetres, ST-elevation

greater than one millimetres, significant T-top changes, increase in ectopic beats during

incremental load, relevant clinical chest pain, decreased consciousness and if the patient wanted

to stop. The ECG electrodes and the metabolic cart were connected. The exercise protocol

included four stages, warming-up, sub-maximal, incremental symptom limited maximal phase,

cooling-down. After two minutes of warming-up at 0 watts, the sub-maximal phase consisted of

2 minutes at 20 watts, two minutes at 40 watts and two minutes at 60 watts. After the sub-

maximal phase the workload was increased every minute by 10 watts. After the incremental

phase has been completed the cooling-down was the same as the warming-up phase.

The test protocol was designed in such a way that most tests would take approximately 10

minutes after warming-up, which is considered an optimal test length for maximum power output.11

Exercise data

Inspiratory and expiratory gases were analysed using a metabolic cart (Oxycon Delta, Jaeger

Tonnies). ‘Breath by Breath’ analysis was used to measure the oxygen consumption (VO2;

ml/min), carbon dioxide production (VCO2; ml/min) and minute ventilation (Ve; l/min). To

assess cardiovascular fitness the maximum VO2 and maximum Wattage were used. The

abbreviations of physiological variables used in study are listed in Table 1. Patients performed

maximum CPX testing pre-operatively and on day 4 and 23 after surgery. On day 2 and 3

patients were tested sub-maximal.

Maximal exercise was defined as reaching 85 percent of the age predicted maximum target

heart rate (APMTHR)12 or respiratory exchange ratio (RER) above 1.0. After the initial exercise
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Table 1. Abbreviations of the physiological variables used

Wmax = maximum power output produced by the patient
VO2,max = maximum oxygen consumption per kilogram body-weight (ml/min/kg)
VCO2 = carbon dioxide production (ml/min)
RER = Respiratory exchange ratio (VCO2,max / VO2,max)
%APMTHR = Percentage of Age Predicted Maximum Target Heart Rate 
METs = Metabolic equivalent of resting value 



test patients were classified for their level of exercise capacity according to the American Heart

Association.13 Gender and age were accounted for by this scoring system.

Statistical analysis

The data were stored in a database and correlations were calculated with SPSS 11.0 (SPSS Inc.

Chicago Illinois). The correlations were calculated with the Pearson Correlation Coefficients. All

variables were tested for homogeneity of variance and normal distribution before statistical

analysis was applied. A Repeated Measurement Analyses was done with post-hoc analysis with

Hochberg’s procedure. When appropriate, the tests involving the within-subject factor(s) were

adjusted for heterogeneity of variances and covariances using the Greenhouse-Geisser corrected

significance values (Mauchly’s test). Alpha was set on 0.05. Data are expressed as mean ± S.D.

unless otherwise stated.

RESULTS
Patient characteristics

Patients had an average age of 64.5 ± 8.6 (39-82). There were 121 female vs 79 male. The body

mass index (BMI) was 26.4 ± 3.0 (18.4-35.5). Five patients were diabetic, 39 had well-

controlled hypertension and four had a history of trombo-embolic events.

Surgical procedure

92% of the patients were operated under spinal analgesia usually combined with sedation. The

others underwent general anaesthesia. The approach was in 70% straight lateral and 30%

postero-lateral. Mean duration of surgery was 65.5 minutes (SD:13.6; range 40-120 min). The

anatomic ABG II prosthesis (Stryker®, Waardenburg, the Netherlands) was used in all patients

i.e. 52% uncemented, 22% cemented, 19% hybride and 7% reversed hybride. The prosthesis

head size was 28 mm in all cases.

Haemoglobin levels and blood transfusions

The mean pre-operative Hb was 14.4 ± 1.03 (range: 10.9-17.6) g/dl-1. On the first day after

surgery, Hb decreased significantly (p<0.01) to10.2 ± 1.36 (7.2-13.9) g/dl-1. On the third day

after surgery Hb was 9.8 ± 1.26 (7.4-14.4) g/dl-1. At day 5 after surgery the Hb level was 9.8

± 1.12 (7.7-14.4) g/dl-1 (because there were too many values missing at this time point, this

day was not taken into account for statistical analysis) On the 23rd day after surgery the

haemoglobin level increased to 12.4 ± 0.94 (10.0-15.5) g/dl-1 (Figure 1). The Hb significantly

differed at all moments in time (all p<0.01, except for a difference between day 1 and 3, this

was p=0.037).

45 patients (22.5%) received at least one allogeneic blood transfusion. 

Exercise performance

Two patients had no pre-operative VO2 values as a result of technical problems with the

metabolic cart. They performed their CPX test without the metabolic cart but power output and

ECG was recorded. These patients were included for analysis. 

Maximum power output (Wmax) and Maximum oxygen uptake (VO2,max) are shown in Table 2.
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and Figure 2. Data were corrected for patients who were unable to perform maximum exercise

or being short of motivation. Patients who were pre-operatively the fittest, based on the AHA

classification, are shown separately. Figures 3 and 4 show the scatter plots of haemoglobin level

as percentage of pre-operative value versus VO2,max as percentage of pre-operative value (r=0.10,

p=0.25; r=0.02, p=0.90). If the maximum power output was plotted versus changes in Hb level

the same plots were seen. The scatter plot of the absolute haemoglobin level (g/dl) versus
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Figure 1. Course of haemoglobin level pre surgery and 1, 3, 5 and 23 days post surgery. Each point ± SD.
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Table 2. Exercise variables for all patients, patients who met criteria for maximum performance, and the sub

group of patients who were rated by the American Heart Association classification in physical good

fitness pre-operatively.

All patients Patients who met criteria for Patients classified as
maximum performance having a good physical

condition and meeting 
criteria maximum 

(n=patients) (n=200) (n=150) performance (n=36)
Average SD Range Average SD range Average SD Range

Wmax pre (W) 106 40.2 21-237 115 38.7 45-237 139 39.4 60-206
Wmax day 4 81.2 31.6 16-164 88.2 28.6 40-164 102 29.2 41-164
Wmax day 23 89.7 32.6 25-267 98.6 31.4 44-185 114 34.0 49-170
VO2max pre 
(ml/min/kg) 22.4 5.9 7.5-38.2 23.5 5.8 11.1-38.2 29.5 5.3 20.5-38.2
VO2,max day 4 17.9 4.5 8.9-28.9 18.6 4.1 9.4-28.9 21.2 4.1 14.0-28.9
VO2,max day 23 20.2 5.3 8.4-39.4 20.9 5.2 10.4-39.4 23.2 5.8 10.5-33.2



VO2,max (ml/min/kg) for patients who reached maximum effort at all moments is shown in

Figure 6 (r=0.13, p=0.12). In Figure 5 the scatter plot of percentage VO2,max versus percentage

Hb on day 23 is plotted (r=-0.06, p=0.55). 
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Figure 2. Power output from all patients, patients performing maximum exercise and the pre-operative physical

fittest group of patients. All points ± SEM

performance 

70
80
90

100
110
120
130
140
150

pre day 4 day 23

time (days)

O
ut

pu
t 

(W
at

t)

All patients
maximal performing pts
fittest pts

Figure 3. Scatter plot of haemoglobin level as percentage of pre value plotted versus VO
2,max

as percentage of

pre-operative value for all patients on day 3 or 4. Only the patients who reached maximum effort

(r=0.10, p=0.25).
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Figure 5. Scatter plot of absolute haemoglobin level (g/dl) versus VO
2,max

(ml/min/kg) for patients who

reached maximum effort at al moments (r=0.13, p=0.12).
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Figure 4. Scatter plot of haemoglobin level as percentage of pre value plotted versus VO
2,max 

as percentage of pre-

operative value for all patients on day 3 or 4; for patients who are in good condition (r=0.02, p=0.90).
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Complications

There were 27 (13.5%) clinical complications or complications leading to readmission. More than half

of them were wound associated (8.0%). From these wound problems 1.5% was a deep infection treated

with wound debridement without extraction of the prosthesis. Two percent of the patients had

cardiovascular complications. Dislocations were seen in 2 patients (1%). There were no complications

during or directly after exercise testing, or any complications that could be related to exercise testing.

DISCUSSION

In this study we have shown that there was no relationship between the seriousness of post-

operative anaemia and decrease in exercise performance in patients with clinically accepted

anaemia. This applies for oxygen consumption and for power output. Even in the groep of

physical fittest patients were analysed no significant correlation was seen. These results are not

in line with the general opinion that post-operative higher haemoglobin levels enhance recovery.10

A post-operative decline in power output and oxygen uptake of over 23% was observed.

This decline was most pronounced in the physically fittest group (27%). Although 25% of all

patients did not meet the criteria of maximum performance, these results were not different from

the total group (Figure 2). 

The scatter plots of the decline in maximum oxygen uptake versus decline in haemoglobin level

(Figures 3 and 4 ) show no significant correlation. This was also true if maximum power output

was taken instead of VO2,max. The same is true for the correlation between the absolute

haemoglobin level (g/dl) and decline in VO2,max (%) for patients who reached maximum effort
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Figure 6. Scatter plot of percentage VO
2 max

versus percentage Hb on day 23. All percentages are versus pre-

operative values (r=-0.06, p=0.55). 
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at all moments (Figure 5). Although the study has some limitations, we believe these limitations

cannot account for the total absence of correlations in all analyses.

The results we found were surprising as during testing of normal subjects, the reduction in

maximum oxygen consumption (VO2,max) was proportional to haemoglobin level after

phlebotomy.7-9 A possible confounder is surgical stress response with subsequent increased

demands on organ function, resulting in a decrease in exercise capacity. These changes in organ

function are thought to be mediated by trauma-induced endocrine metabolic changes and

activation of several biological cascade systems (cytokines, complement, arachidonic acid

metabolites, nitric oxide and free oxygen radicals).3 This is supported by the finding that the

absolute haemoglobin level after surgery showed no statistical correlation with the decline in

maximum oxygen consumption (Figure 5) and power output.

Whether a correlation can be detected if Hb levels below 8.0 g/dl are accepted remains

unknown. In this study patients were transfused when Hb levels dropped below 8.0 g/dl-1

Maximum power output reflects performance ability. However, performance is also

influenced by pain and motivation. To adjust for these limitations, data were corrected for

patients who could not perform maximum exercise or were short of motivation. In this study,

maximum exercise was defined as RER above 1.011 or reaching 85 percent of APMTHR.12 The

metabolic process explains the RER. During rest, the body’s energy demand is fully supplied by

fat oxidation (RER≈0.70). When energy demands rise carbohydrate oxidation becomes the

major source for energy and the RER increases toward 1.0. Anaerobic processes compensate for

even higher energy demands. During this type of ATP production, pyruvate is released and

converted into lactate. The hydrogen ions react with the bicarbonate buffers. The resulting

carbodioxine elevates the RER above 1.0.

In the present study the cycle ergometer was preferred to measure exercise performance

since work efficiency is similar in trained and untrained, young and old, male and female subjects,

when compared with a treadmill. Kuipers et al. found a variation in maximal workload on a cycle

ergometer of around 5% in trained subjects.14 Besides, patients with end stage osteoarthritis prefer

cycling to walking, and cycling is also a familiar mode of exercise in Dutch people in general.

From measurements of energy metabolism in surgical patients during the early (24 to 48 h)

post-operative period it can be concluded that the early post-operative period of uncomplicated

surgery is associated with approximately 7% increase in energy metabolism compared with the

overnight fasted, resting healthy individual.15 This increase appears to be an effect of surgery itself,

not predicted by Harris-Benedict equations.15 Fredrix et al.16 reported that at the seventh or eighth

post-operative day after uncomplicated gastric or colorectal surgery 16 patients continue to have a

mild (3%) but significant increase in resting energy level. Minor or major complications increased

the resting energy expenditure with 10%. The elevated energy expenditure is probably a confounding

factor explaining the poor correlation between anaemia and performance seen in this study. 

In conclusion, severe anaemia is undesirable after major orthopaedic surgery. Morbidity and

mortality increase when haemoglobin levels below 7.0 g/dl are accepted after surgery.6 In

contrast to this, the present study shows no correlation of post-operative haemoglobin levels and

physical performance. Multifactorial surgical stress responses are the most likely explanation.

Based on these observations, we believe that restrictive transfusion policy in healthy patients is

not a problem for early rehabilitation after major orthopaedic surgery. Measures to raise post-

operative haemoglobin levels others than to prevent blood transfusions might not be indicated.
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ABSTRACT

Background

Venesection of red blood cells in healthy well-trained subjects decreased the maximum oxygen

uptake parallel with the reduction in Hb level. Based on the large Hb-drop that is seen after total

joint surgery, one could expect a drop in performance as well. We investigated whether transfusion

of autologous blood enhanced performance on a bicycle ergometer in patients after total hip

replacement.

Study design and methods

Nine patients scheduled for elective total hip replacement in an accelerated stay program

participated in a PABD program. Weeks before the scheduled surgery patients donated four units

of blood and received standard erythropoietin treatment. Physical fitness was assessed during

exercise testing on a bicycle ergometer. Each patient was matched with three previously tested

patients. 

Results

Patients in both groups were 69.0 years old (range 66-74 vs 61-77). None of the patients had

relevant cardiovascular abnormalities. On average patients received 3.3 units of blood because

3 units were not transfused. The PABD group showed an Hb-drop of 0.5 g/dl (4%) on the fourth

post-operative day vs 4.4 g/dl (31%) in the control group. The decline in power output on day

four was significantly less in the PABD group compared with the control group (students T-test:

p=0.026) 

Conclusion

From this pilot study we may conclude that correction of the post-operative Hb-drop was

associated with a lower drop in maximum power output, compared to the control group.

However, on days 23 and 39 the difference in performance between the PABD group and control

group had disappeared. 
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INTRODUCTION

In recent years, with the development of peri-operative blood conservation programs, a restrictive

blood transfusion policy has become standard in health care. Data concerning the tolerability of

severe anaemia were collected from patients who refused transfusions for religious reasons.1

Outcomes of those patients have shown that morbidity and mortality increased when Hb levels

dropped below 8.0 g/dl-1. 1

Since hospitalisation was reduced extensively over the last decade intense rehabilitation is

generally started the day after surgery, irrespective of the Hb level. Whether below normal Hb

levels will affect the patients’ ability to participate in a rehabilitation program is unknown. In

contrast to sports anaemia,2,3 little is known about a decrease in performance in patients with

anaemia induced by major surgery.

It has been established that venesection in healthy, well-trained subjects decreased the

maximum oxygen uptake (VO2,max) parallel with the decrease of Hb level. Knowing that

prosthetic surgery, such as total hip or knee replacement, may also cause a significant decrease

in Hb level one might anticipate a significant drop in exercise performance as well. Although a

relationship between post-operative anaemia and exercise capacity was only reported in some

studies with limited statistical power,5-7 this relationship could not be confirmed in a recent,

prospective observational study.8 

By using post-operative retransfusion of pre-operatively donated autologous blood one might

compensate for the surgery-induced anaemia. This may provide the answer to the question

whether normalization of Hb levels can normalize exercise capacity post-surgery. 

At present, in the Netherlands, pre-operative autologous blood donation (PABD) is not a

standard procedure in orthopaedics because of the doubtful cost effectiveness. To avoid wasting

of costly blood, the threshold for PABD in primary total hip replacement may increase the

likelihood of autologous transfusion.9 Other than to prevent homologous transfusion, the

application to correct the surgery-induced anaemia is new. PABD may provide information on

the influence of anaemia and normalisation of anaemia after major orthopaedic surgery on

recovery and functional exercise capacity.

The feasibility of pre-operative exercise testing has been demonstrated by several authors

and we previously showed that early post-operative maximum exercise testing on a bicycle

ergometer with shortened crank was feasible.8

In this pilot study we investigated whether correction of the haemoglobin drop after total

hip replacement would enhance performance on a cycle ergometer in patients. Because of the

high costs associated with PABD a non-randomised design was used. The PABD were matched

with a control group from a previously tested cohort consisting of 200 total hip replacement

patients without PABD.8
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MATERIALS AND METHODS

Study population

Healthy patients scheduled for primary total hip replacement and willing to volunteer were asked to

participate. The study patients were randomly selected to participate. The study was approved by the

local ethics committee. After signing informed consent 9 patients were included in the study as PABD

group. For every PABD patient three patients were matched from a cohort of previously operated

patients. Matching variables were: gender, age, body mass index (BMI), maximum power output and

VO2,max corrected for body weight. Control patients did not receive an allogeneic blood transfusion

post-operative, because Hb levels did not drop below the threshold for transfusion. In addition, the

duration of surgery did not exceed 90 minutes. All patients receiving surgery followed an accelerated

release program (Joint Care®, Biomet, the Netherlands).

Donation and retransfusion autologous blood

The procedure was enhanced by using erythropoietin alpha (Eprex®), four injections of 40,000

IU (three pre-operatively and one directly post-operatively), supported by iron supplementation

with 200 mg ferrofumerate three times a day until the day of surgery.

By way of double erythrocytaferesis patients donated two standardized units of erythrocytes

during each blood bank visit. In this procedure, the erythrocytes were separated from the blood

plasma, leucocytes and platelets. The remaining blood components were given back to the

patient in a saline solution. During the two blood bank visits a maximum of 4 units were

donated. Depending on availability at the blood bank, venesection sessions were four and two

weeks prior to surgery. At the day of donation, some patients complained about fatigue.

Furthermore, no complications were seen. 

Surgical procedure

In the PABD group the average duration of surgery was 80.4 min (range: 74-90) and the

estimated blood loss during surgery was on average 561 ml (300-1000). One patient had general

anaesthesia and 8 had a single shot spinal anaesthesia. For the control group the average duration

of surgery was 61.1 min (50-90) and the estimated blood loss during surgery was on average

400 ml (200-850). Two patients had general anaesthesia and 25 had a single shot spinal

anaesthesia. No intra- or post-operative cell-savers were used in either group.

Post-operative autologous transfusion

If post-operative Hb level dropped below 8.0 or 8.8 g/dl-1 patients were transfused with

autologous blood. Before returning to the ward the anaesthesiologist on clinical judgement

decided whether the post-operative trigger was 8.0 or 8.8. This decision was made depending

on co-morbidity classified in the ASA classification and intra-operative blood loss. Regardless of

the Hb level on day two and three, patients of the study population received their own previously

donated blood.

Haemoglobin

Hb level was recorded peri-operative i.e. -65 days before surgery (screening), day –1 (baseline),

day 0 (surgery) and post-operative days 1, 3, 4, 5, and 23. 
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Exercise testing

On day –1, 4, 23 and 39 after surgery the patients performed a maximal exercise test. On day

2 and day 3 after surgery the patients performed a sub-maximal exercise test to familiarise with

the ergometer. 

After calibration, the patient was seated on the ergometer. Each patient was instructed about

the test and about the stop criteria. Stop criteria were defined as: ST-depression greater than two

millimetres, ST-elevation exceeding one millimetres, significant T-top changes, increase in

ectopic beats during incremental load, relevant clinical chest pain, decreased consciousness and

independent decision of the patient to stop. 

Before starting the exercise the patient was connected to ECG electrodes and to the

metabolic cart. The patient's interface to the metabolic cart consisted of a respiratory mask,

which was carefully positioned to ensure a leak-free connection. The exercise protocol consisted

of four stages: warming-up, sub-maximal incremental symptom limited maximal phase and

cooling down. After two minutes of warming-up at 0 Watt, the sub-maximal phase took 6

minutes. These 6 minutes consisted of 2 minutes at 20 Watt, two minutes at 40 Watt and two

minutes at 60 Watt. After the sub-maximal phase the workload was increased every minute with

10 Watts, until the patient was exhausted. After the incremental phase, the cooling-down was

the same as the warming-up phase.

Crank length was reduced from 17.5 cm to 8.0 cm to diminish range of hip flexion. Seat

height was set, allowing a knee bend of 5-10º when the pedal was at its lowest position. The

pedal rate had to be above 40 revolutions per minute (rpm), whereas no maximum rate was set.

Inspiratory and expiratory gases were analysed using a metabolic cart (Oxycon Delta, Jaeger

Tonnies). Gas analysis was used to measure oxygen consumption (VO2;ml/min), carbon dioxide

production (VCO2;ml/min) and minute ventilation (Ve;l/min). The metabolic cart had been

calibrated before each test session. Abbreviations are listed in Table 1.

Maximum exercise was defined as reaching 85 percent of age predicted maximum target

heart rate (APMTHR)10 or respirator exchange ratio (RER) above 1.0. In this way, data was

corrected for patients who were unable to perform maximum exercise or being short of

motivation. 
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Table 1. Abbreviations of the physiological variables

Wmax = maximum power output produced by the patient
VO2,max = maximum oxygen consumption (ml/min)
VCO2 = carbon dioxide production (ml/min)
VE = minute ventilation (L/min)
RER = Respiratory exchange ratio
%APMTHR = Percentage of Age Predicted Maximum Target Heart Range 
METs = Metabolic equivalent of resting value 



Statistical analysis

The data were stored in a database and correlations were calculated with SPSS 11.0 (SPSS Inc.

Chicago Illinois). All patients were analysed using the ‘intention-to-treat’ principle. Analysing the

course of Hb levels an Independent-Samples T-test analysis was done with SPSS. Primary

outcome was cardiovascular fitness measured by maximum VO2 and maximum Wattage. All

efficacy endpoints were evaluated using the 95% confidence interval approach. Adjustments

with Hochberg correction for multiple comparisons were made concerning mean Hb levels and

exercise variables. Tests were 2-tailed with alpha set on 0.05.

The control group was assumed to have a post-operative Hb-drop of 30 percent. The PABD

group was assumed to have a drop in Hb level at admission of about 1.6 g/dl-1. It was expected

that the four pre-operative units of blood would be sufficient to restore post-operative Hb levels

to admission level. With alpha set on 0.05 and a power of 0.80 it was calculated that 9 patients

in the PABD group were needed. 

RESULTS

The nine patients in the PABD group had an average age of 69 (66-74). The 27 patients in the

control group also had an average of 69 (61-77). Body Mass Index (BMI) was 26.2 (22-31)

versus 26.2 (19-33). All patients were ASA I or II. In the control group 2 patients had well

regulated hypertension.

The mean Hb levels are shown in Table 2. The Hb course over time is shown in Figure 1.

Autologous transfusions

3 patients received one unit of autologous packet cells (PC) on the day of surgery. All patients

received 2 units of autologous PC on day 2. On day 3 post-operatively the remaining PCs were

given. 3 patients did not receive 4 units of PC, because in 2 patients the transfusion back was

damaged and in 1 patient the reinfusion did not run well. These 3 patients received 3 units of

PC. No allogeneic transfusions were needed. 
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Table 2. Mean Hb levels (g/dl) in the experimental and control group

Experimental group Control group
Mean Range SD Mean Range SD p*

Day –65 14.4 13.4-15.6 0.88 14.4 12.7-16.1 0.95 0.88  NS
Day –1 13.1 11.4-14.2 0.95 14.4 12.7-16.1 0.95 0.001
Day 1 10.3 9.0-11.8 0.75 10.5 7.9-12.4 1.14 0.613 NS
Day 3 11.6 10.8-12.7 0.63 10.0 7.7-13.2 1.40 0.000
Day 4 12.6 11.4-14.0 0.76
Day 5 13.4 12.4-15.3 1.01 10.3 8.4-12.9 1.42 0.000
Day 23 14.5 11.9-17.2 1.84 12.4 10.0-13.8 1.04 0.001

NS = not significant * Hochberg correction was used for multiple testing.
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Figure 1. Mean Hb levels (± SEM) in the experimental and control group before and after surgery (=day 0)
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Cardiovascular fitness

The results of the exercise variables in the experimental and control group are shown in Table 3.

Primary outcome measures were maximum workload and maximum VO2 adjusted for weight.

Figures 2 and 3 illustrate the results concerning both groups. 

Although primary results of the pre-test in the control group were slightly higher they were

not statistically significant. The drops in exercise capacity and oxygen consumption were

significantly less in the experimental group on day 4 (p=0.026 and p=0.026). These differences

were no longer significant on day 23.

DISCUSSION

Little is known about the influence of surgery-induced decreased Hb levels on (early) exercise

capacity during rehabilitation after total hip replacement. In this study we attempted to correct

the Hb-drop after total hip replacement by autologous blood transfusion, irrespective of medical

indication. The restoration of the post-operative Hb level was associated with a significantly

smaller decline in power output and oxygen uptake (6% vs. 22%) at day four. However, this

difference was not found anymore on days 23 and 39.

Based on studies using erythropoietin and blood aid in healthy volunteers10,11 it has been

established that elevated Hb levels and an increased blood volume increase oxygen transport

capacity and may improve cardiovascular performance in non-surgical patients. However, little

is known about the influence of surgery-induced changes in Hb levels on exercise capacity in

patients. A major difference between healthy subjects and surgical patients is the so-called

surgical stress response.13,14 Surgical stress results from increased demands on organ function

with subsequent changes in metabolic, neural and endocrine systems.13,14 From measurements

of energy metabolism in surgical patients during the early (24 to 48 h) post-operative period it

has been established that the early post-operative period of uncomplicated surgery is associated
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with approximately 7% increase in energy metabolism compared with the overnight fasted,

resting healthy individual.15 In addition, minor or major peri-operative complications induced an

increase in resting energy expenditure of 10%.16 Clinical signs of surgical stress are nausea,

dizziness and weakness. This surgical stress response and elevated energy expenditure may be major

confounders in interpreting post-operative cardiopulmonary exercise testing.

The PABD group showed a significantly smaller decline in exercise capacity and oxygen uptake

capacity on day four compared to their matched controls. Therefore there may be a direct

relation between decline in exercise capacity and drop in Hb level after surgery. However on

day 23 this difference in performance capacity was not present anymore, and on days 23 and

39 the PABD patients performed less than at day four, and similar to the control group (Figure

2 and 3). When looking at total ventilation (Ve), total Ve in the PABD group was significantly

lower than pre-operatively. Therefore it may not be ruled out that this inferior performance of

the PABD group on days 23 and 39 could be explained by lower motivation.

In addition, the positive effect of the PABD on exercise performance on day four may be

caused by an increased motivation (placebo effect) from the intervention. Maximal symptom

limited exercise testing requires maximal effort from the patient and maximal performance is

determined by the subject’s ability and motivation to sustain discomfort as fatigue (exhaustion),

muscle discomfort, and breathlessness.17 In general short exercise tests in untrained patients are

more prone to placebo effects than longer tests used for aerobic testing.17 This is supported by

a previous prospective clinical trial8 in which no correlation between surgery-induced blood loss

and exercise capacity was found. Also the design of the present study consisting of a non-

randomised, non-blinded, trial may be associated with bias. From several doping affairs with

erythropoietin in the media, many patients may assume that high haemoglobin levels may

enhance performance, which may cause motivational bias. Therefore a randomised, double

blinded, dummy controlled trial would have been preferable. However, because of the high costs

associated with PABD we chose for the design as used here. For conclusive data a larger

randomised trial is needed to assess whether increasing haemoglobin levels after surgery may

enhance performance capacity.

A possible explanation of the PABD group performing better on day four than the control

group might be an increased blood volume induced by the blood transfusion. It is generally

accepted that blood volume (BV) is an important factor for cardiac function and aerobic

performance. Changes in blood volume affect can influence oxygen transport by altering stroke

volume (SV) and cardiac output (Q). Coyle et al.18 observed in untrained men that 200-300 ml

of plasma volume expansion increases SV, measured during sub-maximal exercise, yet this

plasma volume expansion caused only a small amount of haemodilution. As a result, VO2,max

was increased slightly and performance was improved. Krip et al.19 confirmed this finding and

found that blood volume expansion in untrained men gave an acute increase in maximal

diastolic filling rate, maximum stroke volume, maximum cardiac output and VO2,max.

The PABD group received blood transfusions on day two and three, whereas the control

group did not receive additional fluid on day two or three. This may have caused a better

hydration and a favourable effect on exercise performance in the PABD group. This is supported

by the observation that the differences were not found anymore after three weeks, although

there was still a difference in haemoglobin concentration.

Knowing that prosthetic surgery may cause a significant decrease in Hb level one might
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expect a serious drop in exercise performance. Although a relationship between post-operative

anemia and exercise capacity has been reported,5 this relationship was questioned in a recent,

prospective observational study, and in line with the results of the present study.8 Although a

direct relationship between Hb level and exercise performance is not that clear, the results

suggest that maximum workload can predict whether a patient is able to participate successfully

in the rehabilitation program after total hip replacement or not. When comparing the oxygen

uptake at maximum workload in both groups with Metabolic Equivalents (1 MET = 3.5 ml

O2/kg/min), both groups achieved 4.8-5.9 METs on day four. Daily physical activity accounts

for 3-6 METs, which enabled both groups to participate in the rehabilitation program. Although

there was a statistically significant difference in oxygen uptake on day four, this has no clinical

relevance because patients are still able to participate in the rehabilitation program. However, in

less fit patients, statistical significance may also have clinical relevance.

We were able to restore the Hb levels on day four post-operatively, compared to the values

at admission. However, by using the PABD procedure Hb levels at admission were significantly

(p=0.001) lower than the controls. This is a well-known disadvantage of PABD and makes the

patient more prone to blood transfusions, autologous and homologous. 

In conclusion, PABD as an ergogenic aid after major orthopaedic surgery suggests that

complete restoration of the haemoglobin drop after surgery positively influences performance.

However, this preliminary report has shortcomings such as its design, the small number of

patients, and the untrained patient population. The present study and previous observational

findings8 necessitate a larger randomised trial to collect conclusive data. 
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ABSTRACT

Major surgery is accompanied by a significant decrease in haemoglobin concentration. It is

generally assumed that a high postoperative haemoglobin level enhances recovery. Objectives of

this study were to determine the influence of blood loss on exercise capacity. All patients

scheduled for elective primary total hip replacement in a critical pathway, from April 2002 to

February 2004. Cardiovascular fitness was assessed in 200 patients with an incremental exercise

test on a cycle ergometer with continuous ECG and metabolic cart. A clear decline in exercise

capacity shortly after surgery was seen (23% Wmax; 20% VO2,max). The fittest patients had the

largest relative decline. Patients who were not able to perform maximal exercise showed the

same decline in power output. No relationship between the decrease in haemoglobin

concentration and decline in power output or oxygen consumption was noted. Neither when

absolute nor with relative decline in haemoglobin was taken. One exercise test had to be

terminated prematurely due to a-symptomatic ST-depression. On average, patients showed a

reduction in exercise capacity of 23%shortly after total hip replacement. No relationship between

the decrease in haemoglobin concentration and exercise capacity was found in haemoglobin

levels above 8.0 g/dl. 
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INTRODUCTION

Osteoarthritis (OA) of the hip is a major cause of pain and disability in the elderly. Prevalence of

OA is increasing due to an aging population. Patients with OA are most likely to be obese and

have more impairments of aerobic capacity than normal subjects.1,2 Since in 1960 Charnley3

started with his total hip replacement for painful and severely impaired patients, the number of

hip and knee replacements has rapidly increased. Both due to excellent results and an aging

population a widening of indications for total hip replacment (THR).4 High age, poor physical

condition or comorbidity are no longer a reason to refuse a patient for surgery. However, it is

known that in patients who are severely deconditioned the morbidity after surgery is higher.5

How physical condition influences the rehabilitation and clinical outcome is unknown.

Although several authors have demonstrated the feasibility of symptom limited exercise testing

in OA patients, limited information is available about physical recovery early after surgery.1,2,6,7

The limited knowledge can be partly explained by the small number of patients in the published

studies making it impossible to stratify for pre-operative condition. In addition nowadays most

patients are treated in clinical pathways in which length of stay (LOS) is reduced to three to six

days whereas previously patients were hospitalised for weeks. Another major change is that

patients start their intensive rehabilitation on the day after surgery.

Objectives of this study were to obtain values of functional physiological recovery after total

hip replacement in patients with different levels of pre-operative physical condition. This was

tested with (early) maximum symptom limited cardiopulmonary exercise testing on a bicycle

ergometer. 

MATERIALS AND METHODS

Cardiovascular fitness was assessed in 200 healthy patients scheduled for elective primary total

hip replacement. All patients were treated in an accelerated stay program (Joint Care®, Biomet,

the Netherlands). In this program patients start their rehabilitation (e.g. walking) on the first day

after surgery. If postoperative haemoglobin level dropped below 8.0 or 8.8 g/dl-1 patients

received blood transfusion. This decision was made by the anaesthesiologist based on ASA

grading and the course of surgery. 

All patients received oral and written information and signed an informed consent. After

consenting, patients who volunteered to participate in the study performed a symptom limited

incremental exercise test (CPX) on a cycle ergometer to assess cardiovascular fitness. This test

was conducted within two weeks prior to surgery. During testing, a multi-channel ECG was

recorded. Patients performed four stages incremental exercise testing on a Recohr P bicycle

ergometer (Lode, Groningen, The Netherlands). Crank length was reduced from 17.5 cm to 8

cm to limit the range of flexion needed in the hip. The frequency had to be at least 40 revolutions

(rpm) per minute whereas no maximum rate was set.

The institutional review and ethics board of our hospital approved the study.

Exercise protocol

After calibration of the metabolic cart, the patient was seated on the ergometer and the

appropriate saddle height was set. Each patient was instructed about the test and the stop

criteria. Stop criteria were defined as: ST-depression exceeding two millimetres, ST-elevation
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greater than one millimetre, significant T-top changes, increase in ectopic beats during

incremental load, relevant clinical chest pain, decreased consciousness or if the patient wanted

to stop. The ECG electrodes and the metabolic cart were connected. The exercise protocol

consisted of four stages, warming-up, sub-maximal, incremental symptom limited maximal

phase, cooling-down. After two minutes warming-up at 0 watt, the sub-maximal phase consisted

of 2 minutes at 20 watt, two minutes at 40 watt and two minutes at 60 watt. After the sub-

maximal phase the workload was increased every minute by 10 watts. After the incremental

phase was completed the cooling-down was the same as the warming-up phase.

The test protocol was designed in such a way that most tests would take approximately 10

minutes after warming-up, which is considered an optimal test length for maximum power output.8

Exercise data

Inspiratory and expiratory gases were analysed using a metabolic cart (Oxycon Delta, Jaeger

Tonnies). ‘Breath by Breath’ analysis was used to measure the oxygen consumption (VO2;

ml/min), carbon dioxide production (VCO2; ml/min) and minute ventilation (Ve; l/min). To

assessing cardiovascular fitness the maximum VO2 and maximum Wattage were used. The

abbreviations of physiological variables used in study are listed in Table 1. Patients performed

maximum CPX testing preoperatively and on day 4, 23, 39, 90 and 365 after surgery. On day

2 and 3 patients were tested sub-maximal.

Maximal exercise is defined as reaching 85 percent of the age predicted maximum target

heart rate (APMTHR)9 or respiratory exchange ratio (RER) above 1.0. After the initial exercise

test patients were classified for their level of exercise capacity according to the American Heart

Association.10 Gender and age were accounted for by this scoring system.

Statistical analysis

The data were stored in a database and correlations were analysed with SPSS 11.0 (SPSS Inc.

Chicago Illinois). All variables were tested for homogeneity of variance and normal distribution

before statistical analysis was applied. A Repeated Measurement Analysis was done with post

hoc analysis with Hochberg’s procedure. When appropriate, the tests involving the within-

subject factor(s) were adjusted for heterogeneity of variances and covariances using the

Greenhouse-Geisser corrected significance values (Mauchly’s test). Alpha was set on 0.05. Data

are expressed as mean ± S.D. unless otherwise stated.
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Table 1. Abbreviations of the physiological variables used

Wmax = maximum power output produced by the patient
VO2,max = maximum oxygen consumption (ml/min)
VCO2 = carbon dioxide production (ml/min)
RER = Respiratory exchange ratio (VCO2 max / VO2,max)
%APMTHR = Percentage of Age Predicted Maximum Target Heart Range 
METs = Metabolic equivalent of resting value 



If one of the six assessments was missing, except from day 0 or day 4, this missing value was

substituted with the average value of the assessments before and directly after. If the last value

was missing the last measurement was carried forward.

RESULTS

200 patients were included in the study. The data gathered in these patients were analysed

according to ‘the intention-to-treat’ principle. If patients missed just one follow up moment this

value was replaced by the average of the previous and following value. If patients did not have

the pre-operative or day four test than they were excluded, leaving 156 patients for repeated

measurement analysis.

Patient characteristics are shown in Table 2, and the exercise test values are presented in

Table 3. Patients were stratified by pre-operative condition into groups according to the AHA

classification.10 Age and gender was accounted for in this classification. These data are shown

in Figures 1 and 2. In Figure 3 the patients performing maximal exercise are compared to

patients not performing maximal exercise. Power output for males versus females is shown in

Figure 4. 

Surgery

Average time of surgery was 65.5 min (SD:13.6; range 40-120) and 92% had spinal anaesthesia.

In 52% an uncemented prosthesis was used, in 25% an hybrid or reversed hybrid and 23% a

cemented prosthesis was used. All patients received an anatomically shaped Anatomic Benoist

Girard (ABG) I stem and ABG II cup (Stryker®, Waardenburg, the Netherlands).

Exercise testing related complications

In one patient the first sub-maximal test, two days after surgery was terminated because patient

showed a-symptomatic ST depression. This patient had a haemoglobin level of 8.2 g/dl. After

transfusion of one unit of allogeneic blood this ST-depression was unchanged during rest and

sub-maximal testing. Echo evaluation of the heart, Thallium scan and catheterisation were all

negative. At two years follow-up this patient had no cardiac complaints.
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Table 2. Patient characteristics

Unit Average SD Range
Age Years 64.5 8.6 39-82
Gender Male / female 79 / 121
Length Cm 170 8.0 150-194
Weight Kg 75.3 11.0 47-110
BMI kg/m2 26.4 3.0 18.4-35.5
Medical history DM (n) 5

HT (n) 39
DVT/PE (n) 4
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Figure 1a-d. 1a) Maximum oxygen consumption corrected for body weight for the total group (n=156), 1b) The

physical poor condition group showing no statistical siginificant decline after surgery. From day 90

and on this group shows a significant improvement of condition (n=43). 1c) The physical average

group showing a significant decline after surgery from day 4 to day 39. This decline disappears at day

90 (n=80) 1d) The physical good condition group also shows the significant decline after surgery on

to day 39. This difference also disappears from day 90 and on (n=33).
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Figure 2a-d. 1a) Maximum power output for the total group (n=156), 1b) The physical poor

condition group (n=43) showing no statistical significant decline after surgery. On day 90 this group

shows a significant improvement of condition that disappears at day 365. 1c) The physical average

group(n=80) showing a significant decline after surgery from day 4 to day 23. This decline disappears

from day 90 and on. 1d) The physical good condition group(n=33) also shows the significant decline

only on day 4 after surgery. This difference disappears from day 23 and on.



Complications

There were 27 (13.5%) clinical complications or complications leading to readmission. More

than half of them were wound associated (8.0%). From these wound problems 1.5% was a deep

infection treated with wound debridement without extraction of the prosthesis. Two percent of

the patients had cardiovascular complications. Dislocations were seen in 2 patients (1%). These

were no complications during or directly after exercise testing, or any complications that could

be related to the exercise testing.
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Figure 3. Maximum power output is shown for the group achieving maximum effort preoperative and on day

4 and 23 after surgery (max) compared to the group who did not achieve maximum effort as defined

by reaching 85% of APMTHR or RER>1.0. Maximal achievers are shown plus SD, non-maximal

achievers are shown minus SD.
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Figure 4. Maximum power output for male versus female in all patients. Male are shown plus SD, female minus

SD.



DISCUSSION

Early after total hip replacement patients showed an average decline of 23% in exercise capacity.

The physically fittest patients had the largest decline (28%) in power output compared to the

unfit patients (11%). This contrast was even larger in oxygen uptake capacity (28% vs 3%). The

patients with average to good condition had regained their pre-operative values after three

months, whereas the physical poor group reached surprisingly and consistently higher values,

compared to pre-operative, at three months after surgery, although the level of statistical

significance was not reached. No influences of gender or ability to perform maximum exercise

were seen.

It seems that the patients with a good condition ‘suffer’ most from the impaired period after

surgery. The rehabilitation process probably slowed down these patients whereas patients with

poor pre-operative condition were stimulated by rehabilitation. The critical pathway, which was

used for all patients, started with intense mobilisation the day after surgery. During this

rehabilitation phase patients with a poor pre-operative condition probably equalled or even

exceeded their normal daily life energy expenditure. This in contrast to the patients with average

or good condition who probably are limited in their daily activities causing limited energy

expenditure compared to their normal daily life. 

Peak (or maximum) oxygen consumption is an indicator of a subject's maximal exercise

capability; changes in this measure tend to be affected primarily by changes in the frequency or

intensity of vigorous physical activity.2 However the maximum power output during testing reflects

the patients actual exercise capacity and might especially during rehabilitation be of greater

importance than maximum oxygen consumption. The combination of oxygen consumption and

workload reflects the efficiency of the musculoskeletal system. An inefficient system will require

greater muscular energy consumption (and thus oxygen consumption) to perform a given task

than an efficient (or normal) one will.2

Maximum workload determines what patients are able to achieve in rehabilitation after

total hip replacement, irrespective of their peak VO2 or AT. If we compare the maximum

workload of all groups with Metabolic Equivalents (MET’s) (1 MET = 3.5 ml/kg/min), the

physical poorest group achieved 5.0 MET’s on day four. Daily physical activity accounts for 3-6

MET’s,11 which enabled all groups to participate in rehabilitation. From this we conclude that

almost all patients tested were able to participate in rehabilitation. In our population only patients

without a history of cardiovascular abnormalities were tested. 

In major abdominal surgery Older et al.5 reported a three times higher mortality rate for

patients with a poor physical condition (5.9% versus 18%), and a ten times higher mortality in

patients with a poor condition associated with pre-operative ischaemia (4% versus 42%). They

concluded that pre-operative ischaemia and pre-operative cardiac failure are independent risk

factors for peri-operative mortality in the elderly. Hardly any of our patients had the low

condition grade as the population used by Older et al.5 Moreover no patient in our series was

pre-operatively diagnosed with cardiac ischaemia. Cardiopulmonary exercise testing might be a

good and inexpensive instrument for pre-operative risk evaluation and decision-making in

patients scheduled for total hip replacement. Patients with cardiac abnormalities during exercise

testing can be monitored with Holter analysis or prophylacticly treated with beta-blockers.

We did not see any influence of patients who did not perform maximal exercise, nor in

gender if looked at the changes in exercise capacity over time. On average patients who are
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unable to perform maximal exercise have the same decline in power output compared to the

maximal achievers. So on top of their inability to perform maximal exercise they have their

regular decline after surgery making their exercise capacity very low, thereby decreasing their

ability to rehabilitate. Besides screening for cardiac abnormalities, pre-operative exercise testing

might be a good screening tool for these patients. Non maximal achievers combined with a poor

condition might participate in a pre-operative training program.

Kehlet et al. and Anderson et al. showed that using fast track surgery (critical pathway),

post-operative organ dysfunction appears attenuated, as demonstrated in studies evaluating

pulmonary function, ileus, fatigue, the cardiovascular responses to exercise, preservation of body

composition and generation of muscle force.12-15

As a consequence, post-operative hospital stay has been reduced considerably. These

observations suggest that the risk of ‘medical’ complications, such as post-operative cardiopulmonary

dysfunction, was reduced.13,15,16 These observations are supported by our findings because we

saw no cardiac abnormalities during exercise testing and by the fact that the physical poor group

had no significant decline after surgery. We believe that the absence of this setback in physically

poor patients was caused by the critical pathway patients were treated in.

CPX testing early after total hip replacement has not previously been reported. We believe

that early CPX testing on a stationary bike, with reduced crank does not compromise prosthesis

survival in any way. During stand up from a chair larger forces are applied to the hip joint than

during cycling. 

In conclusion, early post-operative exercise testing in patients shortly after total hip

replacement shows that the physical fit patients have the largest decline due to surgery. Patients

with a poor physical condition, treated in an accelerated stay program had no significant decline

in condition after surgery. This absence of set back might prevent these patients from morbidity

due to the surgical stress. No significant cardiac abnormalities were noted during exercise testing

of these healthy patients.
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ABSTRACT

Introduction

Minimal invasive surgery (MIS) in THR is said to be less traumatic. This study was designed to

answer the question whether anterior MIS generates less inflammation and muscle damage than

a standard posterolateral (PL) approach.

Materials and methods

Inflammation parameters (IL-6), muscle damage parameters (H-FABP) and Hb values were

determined pre-operative and at five consecutive moments post-operative in 10 patients operated

through a MIS anterior approach compared with 10 patients operated through a PL approach.

Results

The mean IL-6 concentration increased from 3 pg/ml pre-operative for both groups to 78.5 (PL)

vs 74.8 (MIS) pg/ml 6 hours post-operative and reached a maximum of 100 vs 90.5 pg/ml after

24 hours. After this there was a decrease in both groups. The post-operative mean H-FABP

concentration increased to 10.7 in the PL group vs 15.8 in the MIS group ng/l. It formed a

plateau and decreased after 24 hours post-operative. The Hb levels were 14.5 g/dl pre-operative

and decreased to 10.7 (PL) and 10.0 g/dl (MIS) 72 hours post-operative.

Conclusion

We noticed no significant differences in inflammation and muscle damage between the two

approaches. No difference in blood loss was seen post-operatively. Although a learning curve may

be present this does not explain the absence of a difference between both techniques. We feel

that the term MIS is at least doubtful as it does not seem to be less traumatic. 
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INTRODUCTION

Total hip replacement has become one of the most frequently and successfully performed

reconstructive procedures in orthopaedic surgery since its introduction more than forty years

ago.1, 2 The purpose of total joint replacement of hip and knee is to safely and effectively relieve

pain, restore motion, and improve function.3 Surgery evokes a series of well-characterized

hormonal, metabolic, haematological and immunological changes that are often described as the

`stress response' to surgery.4, 5 This response is often considered essential for survival and is

similar to stress response as found in trauma, giving birth and exercise.6 There has been

considerable interest in techniques that ameliorate stress responses, they may enhance recovery

after surgery.5

Decreased blood loss, less tissue damage and less inflammation should all lead to faster

recovery. These arguments are used by industrial companies and several orthopaedic surgeons

to promote minimal or less invasive surgical techniques. 

For surgery like laparoscopic colorectal resection, appendicitis, splenectomy and inguinal

hernia repair7-10 meta-analyses have been published showing that despite longer operative times,

scopic surgery has advantages like faster recovery and shorter average length of hospital stay. As

for orthopaedic surgery, few reports have been published about the results of less invasive

surgery. Advantages are varying from cosmetic advantages11 to exceptional low complication

rates and quick recovery times.1

In conventional posterolateral (PL) approach for total hip replacement a large incision is made

across the greater trochanter, bluntly dissecting the gluteal muscles and external rotators. Using

the PL approach, the muscle layer that has to be opened is the thickest of all described approaches

to the hip. In minimal invasive hip technique no muscles are cut; however, considerable traction

has to be applied to obtain good exposure. Applying tension on the soft tissues might cause

comparable tissue damage, leading to a large inflammatory reaction. We questioned whether

surgical trauma in the minimal invasive anterior approach was less compared to surgical trauma

in the conventional posterolateral approach. Minimal invasive hip surgery is defined as surgery

with an incision smaller than ten centimetres. 

Heart type fatty acid binding protein (HFABP) was used as a parameter for muscle damage.

HFABP is a sensitive marker for muscle tissue damage. The aqueous cytoplasm of muscle cells

contains a marked quantity of 14.5-kDa H-FABP. This small molecule rapidly diffuses out of the

damaged muscle tissue. Because of its small molecular weight and large quantity present in the

cytoplasm it is considered as a good marker for tissue damage.12

Myoglobin was also measured for muscle damage to compare with the H-FABP and to confirm

or discuss possible outliers. Creatine kinase (CK), ASAT and LDH were measured to detect possible

tissue damage, other than damaged muscle cell. 

C-reactive protein (CRP) is the most used parameter in hospital for inflammation, but is

rather a-specific whereas IL-6 is a useful sensitive parameter to detect the severity of the

inflammatory response to surgery. It is recognized that IL-6 is a main factor in determining the

insult induced both by surgery and trauma.13

Interleukin-10 (IL-10) is a pleiotropic cytokine and its main function is to limit and terminate

inflammatory responses.14 To monitor a possible counter regulatory response, this IL-10 was

determined. 

This pilot study was performed in preparation of a planned randomized clinical trial (RCT)
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comparing tissue damage and inflammation in conventional versus less invasive hip surgery. To

diminish the chance of a type II error in the RCT, reference values about the primary outcome

variables (muscle damage and inflammation reaction) were collected.

MATERIALS AND METHODS

Twenty patients in the Maasland Hospital Sittard admitted for unilateral total hip replacement

were enrolled in this non-randomised, non-blinded study between November 2004 and January

2005. Oral and written study information was given and informed consent was obtained from

all patients. Pre-operatively, demographic data, body mass index, grade according to the system

of the American Society of Anaesthesiologists (ASA) were recorded. 

Blood was taken before and at 2, 4, 6, 24 and 72 hours after incision. Immediately after the

sample was taken the blood was centrifuged at 3000 rotations per minute for twelve minutes.

Plasma was separated from the lower part and stored in a spare tube. The procedure was repeated

and plasma was divided over multiple tubes. The samples were kept at minus 20 degrees Celsius.

After completion of the study the samples were stored at minus 80 degrees Celsius. The whole

procedure was performed with a transportable centrifuge at the patients’ bed to keep the time

between sampling and centrifuging as short as possible, because IL-6 is an instable cytokine.

Haemoglobin levels were determined at 6, 24 and 72 hours after incision at the local laboratory

(Abbott Celldyn 4000). Myoglobine, creatine kinase (CK), ASAT, LDH levels were als determined

at the local laboratory (Beckmann-Coalter Synchron LXi 725). IL-6 and IL-10 were analysed with

ELISA analysis (Immulite 1000; kindly provided by DPC). The H-FABP ELISA was kindly provided

by Hbt (Uden, The Netherlands) and performed at the University Maastricht.

Surgical procedures

All five experienced surgeons perform more than 50 hip replacements a year routinely. Two

surgeons use the postero-lateral approach as basic approach and three the straight lateral one.

Before performing the minimal invasive approach on patients all surgeons attended a cadaver

course. The first three hips were assisted by an experienced MIS surgeon. Each MIS patient was

operated by two staff members. The posterior approach, done by two surgeons individually,

served as control group.

Posterolateral approach
15

Control group surgery was performed through a posterolateral approach. Patients were placed

in lateral decubitus. The curved incision was made posterior and across the greater trochanter.

Gluteal muscles were dissected bluntly and external rotators were dissected. Next the posterior

capsule was incised H-shaped. The hip was luxated and a collum osteotomy was performed with

an oscillating saw and the femoral head removed. Acetabular osteophytes and labrum were

removed and the acetabulum was reamed. The cup was put in position.

Exposure of the entrance of the femoral shaft was obtained by adduction and endorotation.

The femoral shaft was reamed and the prosthesis was put in position. After final reduction, a

capsular repair was performed using reefing sutures. The exorotators were reinserted and the

fascia reapproximated. Finally subcutis and skin were closed.
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Anterior approach
16

Minimal invasive surgery was performed through a single incision anterior approach with

specially designed retractors for Stryker® (Precimed, Switzerland) to obtain good exposure.

Patients were placed supine on the operation table with both legs draped free. The incision was

made 3 to 4 cm distal to the spina iliaca anterior superior (SIAS) in the palpable gap between

the muscles tensor fascia lata and the sartorius. Incision length was approximately half of the

expected cup circumference. Subcutaneous fat was bluntly dissected with special care for

lateral cutaneus femoral nerve. After cutting the fascia at the medial side of muscle tensor fascia

lata and ligating the ascending branches of the lateral femoral circumflex vessels the joint

capsule was incised in an H-shape. The capsule was detached at the intertrochanteric line as

far as possible to medial and lateral and the anterior part of the labrum was removed. With the

femur in neutral position the femoral neck was cut with an oscillating saw and a disc of bone

was removed. The head was removed using a corkscrew extractor. After exciding the remnants

of the labrum and acetabular osteophytes the acetabulum was reamed and the cup put in

position.

Exposure of the entrance of the femoral shaft was obtained by putting a rest under the

proximal thigh and extending the femur and by pulling up the calcar ventral with a hook with

the leg in a figure four position. At the base of the greater trochanter a capsulotomy was

performed and a retractor was placed around the greater trochanter. The femoral shaft was

rasped and the prosthesis inserted. After the final reduction a capsular repair was performed

using reefing sutures. Finally the skin was closed 

Statistics

The data were stored in a database and correlations were calculated with SPSS 11.0 (SPSS Inc.

Chicago Illinois). All variables were tested for homogeneity of variance and normal distribution

before statistical analysis was applied. The Student’s T-test was used for patient characteristics

and surgical outcomes. The haemoglobin levels and markers were tested with a GLM Repeated

Measurement Analyses with post-hoc analysis with Hochberg’s procedure. When appropriate,

the tests involving the within-subject factor(s) were adjusted for heterogeneity of variances and

co-variances using the Greenhouse-Geisser corrected significance values (Mauchly’s test). Alpha

was set on 0.05. Data are expressed as mean ±S.D. unless otherwise stated.

RESULTS
Patient characteristics

There where no differences between both groups regarding age (67.5 vs 67.9; p=0.92) or height

(167 cm vs 169 cm; p=0.68). The body mass index (BMI) was significantly higher in the MIS

group (26.4 vs 29.1; p=0.048). In the posterolateral group were 2 male and 8 female patients.

In the MIS group were 4 male and 6 female patients. In the PL group 7 patients had spinal

anaesthesia, three patients had general anaesthesia. In the posterolateral group this was 9 vs. 1.

The ASA grading (1-4) for patients in the posterolateral group was 3/7/0/0 versus 4/5/1/0 in

the MIS group.
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Operative data

Duration of the procedure was longer in MIS (81.0 vs 99.5 min; p=0.056) and the estimated

blood loss during the operation was more (540 vs 699 ml; p=0.28). Incision length was

significantly shorter in the MIS group (17.4 vs 8.6 cm; p=0.000).

Muscle damage and inflammation The H-FABP data (Fig. 1) shows that the surgical procedure

leads to a rapid significant increase in circulating H-FABP (p=0.001). This represents the damage

done to the muscles leading to death of muscle cells. The damage to muscle cells was similar in

both surgical groups (p=0.44). The total amount of muscle tissue damaged after surgery, reflected

in the area under the curve, is also similar in both groups. The standard deviation in the MIS

group is much larger than in the PL group.
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Figure 1. H-FABP concentrations as a function of time for the PL-group (black triangles) and MIS-group (grey

squares). The standard deviation is depicted as error bars, positive for the MIS and negative for the

PL. Both groups had one patient that was considered as outlier (>2 SD). The outliers at 2 and 4 hours

are depicted.
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Table 1. The average ASAT, LDH, CK and myoglobin values (SEM) over time. 

Pre 2 hours 4 hours 6 hours 24 hours 72 hours
ASAT C 23.82 (1.61) 23.17 (1.38) 26.05 (1.20) 27.49 (1.63) 40.75 (2.82) 42.34 (2.52)
(U/I) MIS 22.14 (1.71) 18.67 (0.51) 21.71 (0.71) 23.22 (0.90) 30.10 (2.80) 30.10 (3.57)
LDH C 325.00 (16.89) 306.70 (16.50) 305.70 (12.80) 309.60 (12.44) 307.00 (19.36) 342.00 (12.93)
(U/I) MIS 376.50 (41.34) 282.80 (16.49) 307.80 (18.70) 295.80 (13.55) 264.50 (13.22) 338.60 (17.74)
CK C 73.10 (8.31) 179.50 (28.80) 301.30 (47.61) 383.20 (64.53) 796.30 (110.92) 608.60 (95.99)
(U/I) MIS 78.30 (10.22) 152.30 (14.63) 289.40 (40.73) 364.00 (51.15) 593.50 (140.90) 539.50 (142.27)
Myo C 26.18 (2.69) 315.12 (63.75) 320.20 (52.40) 303.48 (35.30) 365.41 (53.19) 73.33 (11.57)
(μg/l) MIS 33.72 (8.03) 300.35 (30.44) 366.61 (48.41) 406.05 (64.90) 363.47 (118.72) 119.26 (30.29)



The trauma of muscle cells in patients reflected by H-FABP leads to a significant increase in IL-

6 levels after surgery in both surgical groups (p<0.001). The peak in inflammation and the total

amount of inflammation was not significantly different in both surgical groups (p=0.80). 

Both groups had one patient with over two standard deviations higher than the average.

Both patients were considered outliers and left out of the analysis. This happened with the IL-6

as well as with the H-FABP. The H-FABP showed a similar pattern as the myoglobin (myoglobin

levels are shown in Table 1). 

HAEMOGLOBIN LEVELS

Haemoglobin (Hb) levels are shown in Figure 3. The data of the two groups were not significantly

different (p=0.89)(GLM repeated measurement analysis). One blood transfusion was necessary

in a cardiovascular compromised patient belonging to the MIS group. This patient had a post-

operative Hb value of 9.7 g/dl. The blood transfusion was given immediately post-operatively. 
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Figure 2. IL-6 concentrations as a function of time for the PL-group (black triangles) and

MIS-group (grey squares). The standard deviation is depicted as error bars, positive for the PL and

negative for the MIS. Both groups had one patient that was considered as outlier (>2 SD). The outliers

at 4, 6 and 24 hours are depicted. 
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DISCUSSION

Decreased blood loss, less soft tissue damage and inflammation leading to fast recovery are

arguments used in promoting minimal invasive surgery. In our study we investigated the amount

of muscle damage and inflammation generated by total hip replacement (THR) with a conventional

posterolateral approach compared to the minimal invasive approach. Although we made a much

larger incision in the PL approach with seemingly more direct muscle damage than in the MIS,

we measured a comparable amount of muscle damage and a comparable inflammatory response

in both groups. 

Surgeons aim to moderate tissue damage and inflammation reaction after surgery to improve

outcome. Decreased blood loss, less tissue damage and less inflammation are all supposed to lead to

faster recovery. Especially muscle damage is assumed to lead to a delayed functional recovery. If

tissue damage was only caused by cutting tissue the PL approach could be expected to generate

more muscle damage, thus slower recovery than the minimal invasive anterior approach. In the

minimal invasive approach no muscles are dissected, and a smaller incision is made. To obtain a

good view during surgery considerable tension must be applied to the soft tissue. We questioned

whether applying high tension to the muscles during surgery is associated with muscle cell necrosis. 

The H-FABP data (Fig. 1) showed that the surgical procedure led to a rapid increase in

circulating H-FABP in both groups. The peak values of circulating H-FABP and the total amount

of muscle tissue damaged after surgery, reflected in the area under the curve, were similar in

both groups. Therefore it is suggested that the amount of muscle cell damage due to extensive

tension applied to the muscle tissue in the anterior MIS approach is similar to the cell death

caused by cutting the muscle tissue in the conventional PL approach.

H-FABP was used as the marker for muscle damage because it is specific for muscle damage and
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Figure 3. The course of haemoglobin as a function of time for the PL-group (black 

triangles) and MIS-group (grey squares). The standard deviation is depicted as error bars, positive for

the PL and negative for the MIS.
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reacts fast due to its small molecular weight. Besides H-FABP, muscle cells also contain large

quantities of myoglobin. This low molecular weight protein (17.8-kDa) was taken as secondary

marker to verify outlying values of H-FABP, and furthermore, to evaluate whether myoglobin

could be used instead of H-FABP. Plasma myoglobin levels showed a comparable elevation to H-

FABP in both approaches. This confirms that some outlying values were not measuring errors

and that myoglobin is as useful as H-FABP in assessing the extent of muscle damage with

different surgical approaches to the hip. This in contrast to creatine kinase (CK), a relatively large

molecule (86-kDa), whose response to muscle damage is slow (Table 1).

Also ASAT and LDH have been used as markers for muscle damage. The values of ASAT

and LDH measured in our series were found not to be specific enough. The results showed that

LDH did not, and ASAT slightly exceeded the upper normal reference values. Therefore these

markers can be discarded in future research on tissue damage in different surgical approaches

to the hip.

IL-6 has a central role in determining the insult induced both by surgery and trauma.13 The

surgical trauma led to a significant increase in IL-6 levels after surgery in both surgical groups.

One would expect significantly more peak and total reaction to conventional PL approach

compared to the anterior MIS approach. However, amount of inflammation was not significantly

different in both surgical groups (p=0.80). The wanted effect of less inflammation in MIS was

not found in this pilot study. The anti-inflammatory response was checked with IL-10, an anti-

inflammatory cytokine, but no reaction of IL-10 in either group was seen. The inflammatory

response seen after surgical trauma in THR seems not large enough to generate a tissue protection

anti-inflammatory response. 

The estimated blood loss per-operative and the lower Hb post-operative showed that MIS is

not associated with less bleeding. Though less bleeding is expected due to a smaller incision,

this increased blood loss may have been caused by the longer operation time.

The reduction of tissue damage and inflammation after surgery is adventageous as it is

supposed to improve functional outcome. But is functional outcome after surgery really better

with MIS? Ogonda et al.17 showed that MIS hip replacement performed through a single-incision

posterior approach by a high-volume hip surgeon with extensive experience in less invasive

approaches to the hip offered no significant benefit in the early post-operative period compared

with a standard incision of 16 cm. Other contrasting studies like Wenz et al.18 used a historical

cohort and multiple surgeons. Di Gioia et al. who detected significant differences used a

retrospective design with small patient numbers (n=33).19 The finding of Ogonda supports our

findings that MIS in hip replacement has little benefit over the conventional approach.

Because the differences in muscle damage and inflammation were expected to be relatively

small we chose for this pilot study to compare the conventional PL approach with the minimal

invasive approach. For the PL approach the muscle layer that was opened is the thickest of all

described approaches to the hip. In the minimal invasive technique no muscles were cut but

considerable traction had to be applied to obtain good exposure. In this way, it was tried to make

a large contrast between the MIS and PL approaches.

We are aware of the fact that the MIS approach was a relatively new technique in our

hospital whereas that the PL approach was a routine technique. This may have created a learning

curve effect. Since the operating surgeons attended real life teaching courses, cadaver workshops

and were assisted by experienced guest surgeons, we did not expect this to be of such an
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influence. However, more research on inflammation and tissue damage is needed to confirm our

findings. 

In conclusion, our pilot study of 20 patients shows that muscle damage and inflammatory

reaction in the conventional posterolateral approach is comparable to the minimal invasive

anterior approach to the hip. However, the limitations of this pilot study should be taken in

account. At this moment there is no evidence for faster recovery nor better results with this new

approach except for the cosmetic shorter scar. In our opinion it is necessary that surgeons who

do use these techniques should keep collecting data in order to provide scientific evidence that

minimal invasive hip surgery is less tissue damaging.
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ABSTRACT

Introduction

Average length of hospital stay in total hip surgery is decreasing. In 2003 the length of stay was

on average 11 days. More recently, many hospitals started with rapid recovery programs like

Joint Care®. In Joint Care® patients are discharged on the fifth post-operative day. As a result

patients are subjected to an intensive rehabilitation program and return home with relatively

fresh surgical wounds.

Materials and methods

All patients treated in Joint Care®, with at least 6 months and maximum 4 years of follow up,

were evaluated. All clinical and out patient charts were evaluated as well as the nursery records.

Results

Between February 2000 and February 2004, within Joint Care®, 611 patients with total hip

replacement were evaluated. Average age was 66.3 (sd 9.3; range 24-86) and 68% was female.

92% of all patients were discharged on the planned fifth post-operative morning (sd 1.7; range

6-25). 3.8% had wound problems, of which 2.3% had prolonged wound production (mostly

drainage hole) and in 1.5% a superficial wound infection was suspected. A 6.4% readmission

rate was seen, 3.4% for hip dislocations, 1.5% for observation of the wound, 1.2% for deep

wound infection (all were debrided, no Girdlestone) and 0.3% for cardiac events. No patient

died during the admission.

Conclusion

Most patients (92%) were discharged on the fifth post-operative morning. The number of serious

complications was acceptable. Dislocations caused half of all re-admissions. There were no signs

that the intensive rehabilitation program caused more complications compared to the previous

regimen. These results were encouraging to continue the rapid recovery program. 
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INTRODUCTION

Several hospitals in the Netherlands use integrated hip and knee programs. Most of these

programs do well if scored on quality indicators.1 However, it is unknown how these process

indicators are correlated to clinical outcomes. During the last two decades many hospitals started

working with self-developed programs, but since 1997 some hospitals have been working with

the principles of Joint Care® (JC).1,2 The Maasland hospital Sittard has used this program since

the beginning of 2000. 

All patients treated in JC are scheduled for discharge on the fifth post-operative morning.

This is a significant reduction considering that until 2003 the average length of stay in the

Netherlands was 11 days.3 As a result patients are subjected to an intensive rehabilitation program

and return home with relatively fresh surgical wounds. Little data have been published whether

an intensified rehabilitation and early discharge is associated with more complications or

readmissions. Therefore the purpose in the present study was to show that, besides scoring high

on quality indicators, the clinical pathway used in our hospital had good clinical outcomes.

MATERIALS AND METHODS

All patients with a total hip replacement treated in the Joint Care® (JC) program from February

2000 till February 2004 were evaluated. All clinical and out patient charts were evaluated as

well as the nursery records. Patients needed a minimal follow-up of six months. The average

follow-up was 2.5 years. All patients were admitted on the pre-operative evening and discharge

was scheduled on the fifth post-operative morning. In total 611 total hips were implanted by

seven different orthopaedic surgeons with an average of 87 (range 2-159) patients per surgeon.

There were two standard incisions used (straight lateral and postero-lateral). The average age

was 66.3 (SD: 9.3; 24-86) and 68% was female (Table 1). 

RESULTS

The average hospitalisation time was 6.4 days (sd: 1.7; range (6-25). Of these 92.0% was

discharged as scheduled on the fifth post-operative morning, 3.5% on day 6 or 7, 1.7% on day

8 or 9 and 2.8% stayed longer. Discharged before the fifth postoperative day was not allowed.

No patients died during the clinical period, two patients died during follow up. All complications

are shown in Table 2.
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Table 1. Patients characteristics

SD (range)
Number of patients n 611
Female / male n 415 / 196
Age yrs 66.3 9.3 (24-86)
Hospitalisation days 6.4 1.7 (6-25)
% discharge 5th p.o. morning % 92



Wound complications

Wound problems occured in 3.8%, of which 2.3% had prolonged wound production (mostly

drainage hole) and in 1.5% a superficial wound infection was suspected. 1.2% of these patients

needed surgical removal of debris. All but one of these were readmitted.

Dislocations and fractures

The total percentage of dislocations was 3.4% (n=22) of which 2.4% was within 3 months post-

operative. The number of dislocations for each surgeon and his surgical approach are depicted

in Figure 1. 

During six surgical procedures a trochanter avulsion was seen, five of these were directly per-

operative fixated with a cerclage wire. One avulsion (trochanter minor) was assessed as stable,

but dislocated after several weeks. This was fixated in a second procedure.
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Table 2. Total amount of complications and complications leading to readmission. *prolonged wound production

(2.3%) + observation wound (1.5%)

Complication* Total Readmission
Wound problems 3.8% 1.5%
Deep infect 1.2% 1.1%
Girdlestone 0% 0%
Dislocations 3.4% 3.2%
Fracture 1.0% 0.2%
Neurological 0.7% 0.1%
Cardiopulmonal 3.0% 0.3%
Blood transfusions 30%

Figure 1. The percentage of dislocations is depicted for each individual surgeon. Black bars are surgeons with

postero-lateral approach; grey bars are surgeons with straight lateral approach. Surgeon 7 only did 2

operations and is not depicted.

0

2

4

6

8

10

12

14

%
 lu

xa
ti

on
s

surgeon 1 surgeon 2 surgeon 3 surgeon 4 surgeon 5 surgeon 6

surgeon 1

surgeon 2

surgeon 3

surgeon 4

surgeon 5

surgeon 6



Other complications

3% (n=18) had a cardiopulmonary complication of which 5 were considered serious; 2 had

myocardial infarction (MI) during the hospitalisation period. One patient had a MI two weeks

after discharge and the other one after 6 months. One patient developed a pulmonary embolism.

Neurological complication were observed in 0.7%; one had a neuropraxis of the femoral

nerve and one patient had a mild CVA after surgery. Two patients had a CVA at 6 and 36 months

after surgery. 

Readmissions

Readmission occurred in 6.4% (n=38) of the patients, 3.4% (n=20) due to dislocations (in which

readmission is routine in our hospital), 1.2% (n=7) times for wound debridement, 0.3% (n=2)

for cardiac events and 1.5% (n=9) for wound observation. None of the prosthesis needed to be

removed due to an infection or loosening (Table 2).

ANAEMIA

In 30% of the patients an allogeneic blood transfusion was needed. When patients received blood

transfusions they received on average 1.6 units. All blood transfusions were given for haemoglobin

levels below 8.0 or 8.8 g/dl.
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Figure 2. The course of the Haemoglobin level over time in g/dl. Each time moment is plotted ± SD.
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DISCUSSION

We evaluated whether the introduction of a clinical pathway for total hip replacement which

scored high on quality indicators,1 was also associated with good clinical outcomes. Most

patients (92%) were discharged on the scheduled fifth post-operative day and there was an

acceptable number of readmissions (6.4%). There were no complications seen that could be

attributed to the aggressive rehabilitation program. 

When patients were not discharged on the fifth post-operative morning (8%), this was

largely attributable to wound-healing problems. Usually there was persistent leakage from the

drain hole. In these cases most of the patients were discharged within two or three additional

days. Deep infections were defined as needing debridement, using gentamycine beads and

intravenous antibiotics. This occurred in 1.2% of the patients. One of these deep infections

occurred during hospitalisation, the others after discharge and these patients were readmitted.

Our reported percentage is slightly over the 0.5-1.0% usually reported in the literature.4

However, in these series the number of prosthesis extraction due to an infection is higher than

found in the present study. In our series none of the prosthesis needed to be removed. An

aggressive approach to wound-healing problems appears to be successful.

Besides the 1.2% readmissions for surgical debridement, 3.4% was readmitted with a

dislocated hip. In our hospital these patients are readmitted for instructions and measuring of

the brace. The number of dislocations is comparable to other major series.4-11 Especially if we

take into account the dislocations (2.4%) that occurred during the first three months after

surgery. A follow up of three months for dislocations is often reported in the literature. The

surgical approach did not influence the number of dislocations, although one surgeon with the

posterolateral approach had a high number of dislocations (Figure 1.). 

In three patients a cerebrovascular accident occurred, however two of these happened after

six respectively 36 months. These were considered as not related to surgery. The third, on the day

of surgery. One patient suffered a neuropraxis of the n.femoralis, which recovered within months. 

Most of the cardiac events (3%) were mild, although two patients (0.3%) had a myocardial

infarction (MI) during hospitalisation and were treated by the cardiologist. Both MI occurred at

the day of surgery and had no relation with the rehabilitation program. Two patients were

readmitted with a MI. One of these patients was readmitted two weeks after surgery, but the

other after 6 months. The first might be related to the surgery but the other was not considered

to have any relationship with the surgery.

There were six trochanter avulsions (1.0%). Five of these fractures were fixed with cerclage

wires during the initial surgery. The other was judged as stable but needed surgical fixation

several weeks after surgery to correct dislocation of the fragment. No association with the

aggressive rehabilitation program was found.

In 30% of the patients an allogeneic blood transfusion was needed. When patients received

blood transfusions they received on average 1.6 units. All blood transfusions were given for

haemoglobin levels below 8.0 or 8.8 g/dl. Before returning to the ward the anaesthesiologist on

clinical judgement decided whether the post-operative trigger was 8.0 or 8.8. This decision was

made depending on co-morbidity classified in the ASA classification and intra-operative blood

loss. The percentage of blood transfusions in literature greatly differ, but our rates are below

those of a major European survey.12 In none of our patients the anaemia was a problem for the

aggressive rehabilitation program.
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We are aware of a possible selection bias. Due to limited capacity of the Joint Care® program

only half of all patient could be treated in JC. Based on this limited capacity, mostly ASA I and

II patients were treated in this CP. This might have influenced the results because comorbidity

like diabetes is known to cause more wound problems. On the other hand it seems that patients

with good exercise capacity ‘suffer’ most from the tranquil period following surgery, as shown

in a previous study.13 It is postulated that the low performers were stimulated by rehabilitation

whereas standard rehabilitation slows down these patients. This stimulation might prevent

morbidity because these poor performers have little space for setback. The so-called ‘floor effect’.

The compromised patients are prone to complications if their poor condition is further worsened

by inactivity. In major abdominal surgery Older et al.14 reported higher mortality rate for patients

with poor conditions, especially if they had pre-existent myocardial ischaemia. During this

rehabilitation in this CP patients with a poor pre-operative condition probably equalled or even

exceeded their normal daily life energy expenditure. 

In general the present study shows the clinical pathway (Joint Care®) for total hip replacement

to be a good and safe improvement of care that also causes a reduction in the length of stay.

Besides scoring high on quality indicators the clinical pathway also shows good clinical results. 
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INTRODUCTION

Total hip replacement is one of the most succesful major operations. In this thesis various aspects

of peri-operative care have been investigated. The research focussed on aspects that may play a

role in peri-operative recovery. The use of a clinical pathway for total hip replacement (THR),

the short and long term physiological recovery and influence of post-operative anaemia after THR

were the main topics. 

SUMMARY OF FINDINGS

The main conclusions of the studies described in this thesis were as follows. Chapter 2 showed

a critical review of literature on peri-operative care. The use of a critical pathway combining peri-

operative pain management with a shift from general to local anaesthesia and opioid sparing, fluid

management, restrictive transfusion policy are the best options for most patients. Chapter 3,

described the aspects of the critical pathway used in the Maasland Hospital since 2000 for

treatment of THR. Major changes were: a pre-clinical planning of the total care project, including

out patient care. The patient is not seen as ‘sick’ but as disabled. Group therapy and hospitalisation

took place in a living room simulation. The use of a coach and extensive information was

provided to the patient. The pre- peri- and post-operative level of communication and information

was optimised. After discharge an intensive after care was realized. Chapter 4 established that

early maximal symptom-limited exercise testing was possible. The short-term results of a large

prospective population were presented in Chapter 5 with the main focus on post-operative blood

loss. Chapter 5 surprisingly showed that there was no correlation between the haemoglobin drop

after surgery and the decline in exercise capacity. In Chapter 6 it is shown that with the use of

autologous blood the post-operative drop in haemoglobin can almost completely been restored,

leading to a minimum decline in exercise capacity. In Chapter 7 it was demonstrated that

physical recovery after total hip replacement takes approximatelty three months and that the

patients, who are most physically fit, suffer most from a decline in power output after surgery.

The results of a pilot study presented in Chapter 8 showed no beneficial effect of minimal

invasive hip surgery in terms of tissue damage and inflammation. Finally in Chapter 9 good

clinical results of the first four years of THR in a clinical pathway were shown. In this general

discussion, these results will be placed in the context of their consequences for daily practice of

total hip replacement and adjacent procedures. This chapter will end with recommendations for

further research.

OPTIMISING PERI-OPERATIVE CARE

In 1933 Böhler 3 described a simple test to see whether a hip fracture patient was suited for

surgery or needed further cardiac evaluation before surgery. He asked patients to hold their

breath for 15 seconds. If these patients were able to successfully withstand this test they were

considered suitable for surgery. Knowledge of peri-operative care was limited in that time. The

first person to publish on optimising peri-operative care for elective surgical patients was Henrik

Kehlet from Copenhagen.4-6 Kehlet and co-workers synthesized, integrated and applied research

outcomes in a comprehensive programme, now commonly referred to as ‘fast-track surgery’.6

The thrust of this approach was to reduce the physiological and psychological stresses associated
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with operations, thereby reducing a number of potential complications. Fast-track surgery

evolved as a co-ordinated effort, combining modern concepts of patient education with newer

anaesthetic and analgesic methods. The intentions were to reduce the stress response, and

minimize pain and discomfort, as the key pathogenic factor in post-operative morbidity, excluding

failures of surgical and anaesthetic technique, is the surgical stress response with subsequent

increased demands on organ function.4

From a patient’s perspective pain, nausea and vomiting are the most common post-operative

complaints. In addition to being unpleasant they may also be important factors limiting early

discharge due to impaired rehabilitation.4

Besides optimising the medical care, the care process has evolved since the introduction of

the total hip replacement. Nowadays, high volume, elective procedures, like THR, should be

performed in a clinical pathway (CP). These CPs are designed to minimize delays, optimise

resources and maximize quality of care.7 In a recent literature review Kim et al.8 concluded that

clinical pathways for hip and knee replacements appeared to be successful in reducing costs and

length of stay in the acute care hospital, without compromising patient outcomes. 

These days, most hospitals use some form of CP. Most of these programs do well when

scored on quality indicators.9 This thesis revealed that besides scoring well on so-called quality

indicators, these programs also have good clinical results. 

SURGICAL STRESS

Following (surgical) trauma, patients are subjected to dynamic alterations in the haemodynamic,

metabolic, and immune responses that are largely orchestrated by endogenous mediators

referred to as cytokines.10 The development of this inflammatory response is part of the normal

response to injury. Within this inflammatory process there is a delicate balance between the

beneficial effects of inflammation and the potential for the process itself to cause remote tissue

injury.11 For most patients a transfer from general to regional anaesthesia, opioid sparing,

adequate fluid management and restrictive transfusion policy are the best options to limit

surgical stress.

ANAESTHESIA PRACTICE

Current anaesthesia practice emphasises pre-operative optimisation, patient selection and

education, improved peri-operative monitoring, more responsive fluid therapy (i.e. avoidance of

hypovolemia and hypervolemia), maintenance of normothermia, and prevention of post-operative

nausea and vomiting.12,13

The concept of multi-modal or ‘balanced’ analgesia suggests that combinations of several

analgesics of different classes and different sites of analgesic administration rather than single

analgesic or single technique provide superior pain relief with reduced analgesic related side

effects.4,14-16 Besides opioids sparing analgesia is desirable17 to prevent adverse effects as nausea,

vomiting, sedation, dizziness, drowsiness, bladder dysfunction, and constipation, all of which

may contribute to a delayed recovery.14

The multi-modal analgesia technique is focussed on blocking the nociceptive as well as the

inflammatory response. Furthermore pain relief has to be present during rest as well as during
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movement (movement-evoked pain) to be able to participate in an aggressive rehabilitation

program to prevent a further setback in physical condition. 

MINIMAL INVASIVE SURGERY

In minimal invasive hip technique little muscular tissue is cut. However, considerable traction

has to be applied on surrounding structures to obtain good exposure. Applying tension on the

soft tissues might cause comparable tissue damage, leading to similar inflammatory reactions.

We questioned whether surgical trauma in the minimal invasive anterior approach was less

compared to surgical trauma in the conventional postero-lateral approach. We noticed no

significant differences in inflammation and muscle damage between the two approaches. No

difference in post-operative blood loss was seen. Although a learning curve may be present this

was not considered to be an explanation for the absence of a difference between both techniques.

the term MIS is at least doubtful because it does not seem to be less traumatic. Only one

powerful study has been published on the functional outcome in MIS. In this study Lawlor et

al.18 did not find any difference between a standard incision of 16 cm compared to single incision

minimal invasive hip replacement (≤10.0 cm). This was a single surgeon, prospective randomised

blinded trial with functional recovery as primary outcome.

Finally, conventional hip replacement already provides excellent pain relief, functional

improvement, and durability with a low complication rate. One might question whether implant

malposition, neurovascular injury, poor implant fixation or compromised long-term results might

be the result of the reduced visualization.19 

ANAEMIA

Blood transfusion is associated with a number of well-recognized risks and complications, like

transfusion-related acute lung injury (TRALI) or acute respiratory distress syndrome (ARDS),

allergic reactions, transmission of infectious agents, and immunomodulatory effects.20,21

Prosthetic surgery is associated with considerable blood loss and blood transfusions are regularly

necessary. Even with haemovigilance an overall transfusion rate of 25 to 30 percent is present.22

Modern transfusion medicine starts with the implementation of a restrictive transfusion policy.

The introduction of this policy should be accompanied by thorough education of both medical

and nursing staff. The education should be repeated several times to prevent a relapse to the less

rigid regiment and to support the current policy.22 The education should focus on the difference

between volume substitution and red cell restoration. In daily practice too many patients are

transfused with allogeneic blood for volume restitution, mostly based on subjective symptoms

like fatigue, weakness, pale skin and diminished physical performance. Although these clinical

signs are widely accepted signs of anaemia23 the benefit of blood transfusion on physical

performance after surgery is unclear. There are limited data about the relationship between

anaemia and functional recovery. Currently there is little clinical evidence that post-operative

haemoglobin levels below 8 g/dl-1 impair functional recovery. In a prospective trial presented in

this thesis, evaluating 200 patients four days after total hip replacement, no correlation between

blood loss and a decline in power output was detectable.24
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FLUID-BALANCE

There is continuing debate with regard to the timing, quantity and type of fluid resuscitation

during elective major surgery. An increasing number of reports warns for excessive peri-operative

intra-vascular volume loading, leading to increased post-operative morbidity and mortality.25

Neither crystalloid nor colloid solutions can be expected to be ideal for every patient and in every

situation. Most authors recommend a balanced approach to fluid management with colloid

administration to provide haemodynamic stability and maintain urine output of 0.5 ml/kg-1/h-1

and crystalloids administered as maintenance fluids.25

A correct dosage of fluid therapy improves patient outcome after surgery, correct fluid

therapy is even more important when a restrictive blood transfusion policy is executed.

PHYSICAL RECOVERY AFTER TOTAL HIP SURGERY

The influence of physical condition on the rehabilitation period and clinical outcome is relatively

unknown. Although several authors have proved the feasibility of symptom-limited exercise

testing in osteoarthritispatients, limited information is present on early physical recovery after

surgery.26-29 Firstly, the number of patients was relatively small in the published studies, making

it impossible to stratify for pre-operative condition. Secondly, nowadays most patients are treated

in clinical pathways in which the length of stay (LOS) is reduced to three to six days and patients

start intensive rehabilitation on the day after surgery, whereas previously patients were

hospitalised for weeks starting with days of bed rest. In a study described in this thesis a large

cohort of two hundred patients was tested four days after total hip replacement. In this cohort

an average decline of 23% in exercise capacity was observed. The physically fittest patients had

the largest decline (28%) in power output compared to the unfit patients (11%). This contrast

was even larger in absolute oxygen uptake capacity (28% vs 3%). The patients with an average

to good fitness level had regained their pre-operative values after three months, whereas the poor

physical-fit group had no significant decline after surgery, but showed significant higher values,

compared to pre-operative, at three months after surgery. No influences of gender or ability to

perform maximum exercise were seen. 

It seems that the patients with a good level of fitness ‘suffer’ most from the impaired period

after surgery. The rehabilitation process, with unsupervised therapy, probably slowed down

these patients whereas patients with poor pre-operative condition were stimulated by

rehabilitation. The critical pathway, which was used for all patients, started with intense

mobilisation the day after surgery. During this rehabilitation-phase patients with a poor pre-

operative condition probably equalled or even exceeded their normal daily life energy

expenditure. This in contrast to the patients with average or good levels of fitness who probably

were limited in their daily activities causing limited energy expenditure compared to their

normal, pre-operative, daily life. 

The patients with average to good levels of fitness had regained their pre-operative values

after three months. The physical poor fitness group had no significant decline after surgery, but

showed significantly higher values, compared to the pre-operative, at three months after surgery.
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RECOMMENDATIONS FOR FUTURE RESEARCH

This thesis has contributed to the further understanding in physiological recovery after total hip

replacement and the influence of blood loss after major surgery. All patients described were

treated in clinical pathways (CP). These CPs are not only the current standard of treatment for

total hip replacement, but they are also well suited for clinical research, because they have

clearly defined goals and milestones.

The research in this thesis was focussed on relatively healthy people. In future, more

research should focus on the compromised patient and the treatment of hip fracture patients Co-

morbidity and mortality is a larger problem in these groups than in the elective healthy total hip

patients.

The need for well-defined studies of intra-operative and post-operative fluid therapy are

mandatory, especially because nowadays most patients are treated in accelerated stay programs

and even slight morbidity like nausea and vomiting can prolong the length of stay.

Whereas a short length of stay after surgery has become standard of care, the optimal length

and intension of the rehabilitation program is still unknown. More knowledge about the intensity

of post-operative rehabilitation and the efficacy of post-operative physiotherapy is needed.

CONCLUSIONS

It is clear that a multimodal approach is essential for optimal, rapid recovery. The use of a critical

pathway combining peri-operative pain management with a shift from general to local anaesthesia

and opioid sparing, fluid management, restrictive transfusion policy are the best options for most

patients. The current tendency in fluid management is a restricted per-operative regimen. A

correct dosage of fluid therapy improves patient outcome after surgery, whereas correct fluid

therapy is even more important when a restrictive blood transfusion policy is executed. Therefore

the need for well-defined studies of intra-operative and post-operative fluid therapy are essential.

Pre-operative training appears not to be beneficial for recovery, whereas post-operative physical

therapy appears to be useful. The physical recovery takes at least three months and the physically

fittest patients suffer most from a decline in exercise capacity after total hip replacement.

Whether minimal invasive surgery contributes to faster recovery, remains to be established. The

success of a fast-track surgery program requires a multi-disciplinary approach involving

anaesthesiologists, surgeons, nurses, and physical therapists.6
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SUMMARY

Osteoarthritis (OA) of the hip is a major cause of pain and disability in the elderly. Prevalence of

OA is increasing due to an aging population. Since 1960 Charnley started with his total hip

replacement for painful and severely impaired patients, the number of hip and knee replacements

has rapidly increased. This because a widening of indications for total hip replacement (THR) is

seen due to excellent results achieved with the procedure, and due to an aging population. High

age, poor physical condition or comorbidity are no longer a reason to refuse a patient surgery.

Besides the number of increasing number of hip and knee replacements, the procedure of

total hip and knee replacements has changed significantly over the last decades. Whereas twenty

years ago length of stay (LOS) varied from two to six weeks, nowadays most patients are

discharged within a week. This has been realised by improving medical care and by introducing

clinical pathways (CP). 

Outcome after surgery is multifactorial. Chapter 2 reviews scientific studies published in

international literature about most aspects influencing peri-operative care. Anxiety reduction

was the most important pre-operative aspect and pre-operative training only helped for anxiety

reduction. Peri-operative fluid management and opioid sparing anaesthetics and analgesics seem

very important. Especially now most patients are treated in accelerated stay programs and even

light morbidity like nausea and vomiting can prolong the length of stay. Osteoarthritis of the hip

and knee leading to total hip or knee replacements are high-volume, high-cost diagnoses and

procedures, likely to have an inefficient variation in the care process. Therefore these diagnoses

are well suited for CP. These CP mainly focus on the process of care and less directly on medical

improvements. In chapter 3 we described the new aspects of the Joint Care program, the CP

we used in the Maasland Hospital Sittard. New aspects of this healthcare concept were: Firstly,

more extensive information to the patient. The pre-, peri- and post-operative level of communication

and information were optimised. Secondly, there is a pre-clinical planning of the total care

project, also outside the hospital. Thirdly, the patient was not seen as ‘ill’ but as disabled and

during the total program the patient is guided by a coach. This coach was someone close to the

patient. Fourthly, hospitalisation is in a living room simulation where also group therapy takes

place. Fifthly, intensive after care was present. A 24-hour call centre after discharge was available

for patients during the first weeks. In case of problems there can be direct contact with a physical

therapist or medical doctor. Besides our own positive experiences literature showed that clinical

pathways for hip and knee replacements appear to be successful in reducing costs and length of

stay in the acute care hospital, with no compromise in patient outcomes.

To determine the success of modifications in surgical procedures and early rehabilitation

programs a better knowledge of physiologic alterations after surgery is necessary. Although it was

already proven that it was possible to perform cardio pulmonary exercise (CPX) testing in OA

patients months after THR, no reports of early physical recovery have been published so far.

Therefore we first investigated the possibility of safely performing maximum symptom limited

CPX testing early after surgery. In Chapter 4 we showed it was feasible and safe to perform

maximum symptom limited CPX-testing in patients four days after total hip replacement.

Especially the first days after surgery were very interesting because nowadays a restrictive blood

transfusion policy is common. Morbidity and mortality increase when haemoglobin levels below

7.0 g/dl are accepted after surgery. However the influence of mild anaemia on exercise capacity

during rehabilitation was unknown. In chapter 5 two hundred patients were tested and a
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correlation between exercise capacity and severity of anaemia was sought. Surprisingly, no

correlation in post-operative haemoglobin levels and physical performance was found.

Dominating multifactorial surgical stress responses were the most likely explanation. Based on

these observations, we believe that restrictive transfusion policy in healthy patients is no problem

for rehabilitation after major orthopaedic surgery. Measures to raise post-operative haemoglobin

levels other than to prevent blood transfusions might not be indicated. But what happens with

the exercise capacity when there is no anaemia after surgery? In chapter 6 we thought of an

experiment to compensate for post-operative anaemia in an ethical well-considered way. A trial

on pre-operative autologous blood donation (PABD) as an ergogenic aid after major orthopaedic

surgery was designed. Complete restoration of the haemoglobin drop after surgery showed to

influence the performance positively. However, three weeks after surgery the difference in

exercise capacity between the two groups had vanished although, still a large difference in

haemoglobin level was present. The design, the small number of patients and our previous

observational findings call for a larger randomised trial to confirm or reject these findings. 

In chapter 7 we investigated how physical condition deteriorated after surgery and how

this recovered over time. Early after total hip replacement patients showed an average decline

of 23% in exercise capacity. Physically fit patients had a larger decline (28%) in power output

than unfit patients (11%). This contrast was even larger in oxygen uptake capacity (28% vs 3%).

The patients with average to good condition had regained their pre-operative values after three

months, whereas the physical poor group had no significant decline after surgery but significant

higher values than pre-operative on three months after surgery. No influences of gender or ability

to perform maximum exercise were seen.

One of the possible improvements in surgery is minimal invasive surgery (MIS). Following

other areas of surgery MIS was also introduced in total hip replacement. In chapter 8 our pilot

study of 20 persons showed that inflammation and muscle damage in a minimal invasive anterior

approach to the hip was comparable to conventional postero-lateral approach. At this moment

we see no advantages of this new approach except for the cosmetic shorter scar. This finding

was in accordance with a number of clinical outcomes published on MIS hip replacement. 

In the Netherlands the average length of stay after THR was 11 days in 2003. However, in

1997 some hospitals started working with the principles of Joint Care (JC) to reduce hospitalisation.

In February 2000 we started with the JC program in our hospital. This program scored very high

on the quality indicators currently in use in the Netherlands, but how are the clinical results?

Because in JC discharge was scheduled on the fifth post-operative morning, patients had to

recover more intensive and returned home with relatively fresh wounds. In chapter 9 we

investigated whether the clinical results of our CP were at least comparable to the clinical

outcomes of major patient series published. We found that most patients (92%) were discharged

on the planned fifth post-operative morning. The number of serious complications was acceptable.

We saw 6.4% of readmissions. Dislocations caused almost half of these readmissions. Hardly any

serious cardiac events were noted (0.8%). These results were satisfactory enough to continue this

rapid recovery program. 

In Chapter 10 the physiological, patho-physiological, and clinical implications of short and

long term recovery after total hip replacement were discussed.
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SAMENVATTING

Artrose van het heupgewricht is een belangrijke oorzaak van pijn en beperkingen bij de oudere

mens. Het aantal mensen met artrose neemt toe door de huidige vergrijzing. Tevens is het aantal

patiënten dat een totale heup vervanging heeft ondergaan fors toegenomen. Door de verbeterde

resultaten wordt bij steeds jongere patiënten over gegaan tot implantatie van een totale heup

prothese. Daarnaast zijn hoge leeftijd, slechte algemene conditie of ernstige bijkomende

aandoeningen niet langer een reden om een patiënt een heup operatie te weigeren. 

Naast de toename van het geplaatste aantal totale heup prothesen is het proces rond de

operatie veranderd. Lag twintig jaar geleden de patiënt nog twee tot zes weken in het ziekenhuis,

vandaag de dag gaan de meest patiënten binnen een week naar huis. Deze verandering is tot

stand gekomen door de introductie van zogenaamde klinische paden.

De uitkomst na een operatie is van veel factoren afhankelijk. In hoofdstuk 2 wordt middels

een uitgebreid literatuuroverzicht ingegaan op de vele aspecten die van invloed kunnen zijn op

het herstel en de klinische uitkomst na de operatie. Voor de operatie blijkt angstreductie de

belangrijkste factor te zijn. Preoperatieve training helpt vooral om deze angst te reduceren. Naast

angst reductie waren er geen andere positief te beïnvloeden factoren voor de operatie. Het

toedienen van vocht tijdens en na de operatie, alsmede opioïd sparende verdoving en regionale

pijnstillende technieken bleken de belangrijkste aspecten rond de operatie te zijn die het herstel

na de operatie positief konden beïnvloeden. Tijdens een korte opname periode kunnen relatief

kleine problemen als misselijkheid en braken de opnameduur verlengen. Deze aspecten zijn de

laatste jaren steeds belangrijker geworden. 

Artrose van heup- of kniegewricht is een diagnose die vaak voorkomt, relatief veel geld kost

en gevoelig is voor inefficiëntie van het zorgproces omdat dit niet protocollair is vastgelegd. Dit

maakt dat deze zorgprocessen zeer geschikt zijn voor klinische paden. De nadruk in deze

klinische paden ligt voornamelijk op organisatorische aspecten en minder op medische. In

hoofdstuk 3 beschrijven we de nieuwe aspecten van het zorgpad (Joint Care®) dat sinds

Februari 2000 wordt gebruikt in het Maasland ziekenhuis. 

De nieuwe aspecten van dit zorgpad zijn de uitgebreidere aandacht voor patiënten-voorlichting.

De communicatie voor, tijdens en na de operatie is verbeterd. Ten tweede wordt het gehele proces

reeds voor de operatie als geheel gepland, dus ook de zaken buiten het ziekenhuis. Het derde

aspect is dat de patiënt niet meer als ziek maar als patiënt met een blessure wordt benaderd.

Daarnaast wordt de patiënt het gehele traject begeleid door een ‘coach’. Dit is een persoon uit

de nabije omgeving van de patiënt. Ten vierde, de gehele opname zit de patiënt in een woonkamer

waar ook de groepsfysiotherapie plaats vindt. En als vijfde is er een intensieve nazorg aanwezig. 

Na ontslag dient de verpleegafdeling als 24-uurs telefonische hulpdienst. In geval van

problemen kan de patiënt dan direct doorverbonden worden met een arts of fysiotherapeut.

Naast onze eigen positieve ervaringen laat ook de literatuur zien dat klinische paden effectief

zijn in het terugbrengen van de opnameduur zonder dat dit ten koste gaat van het klinisch

resultaat.

Om het succes van veranderingen in de chirurgische procedure alsmede het revalidatie-

programma te kunnen bepalen is een betere kennis van de fysiologische veranderingen noodzakelijk.

Het was reeds bewezen dat het uitvoeren van een maximaal-test op een fietsergometer bij patiënten

met artrose mogelijk is. Deze tests werden echter enkele maanden na de operatie verricht,

terwijl wij juist geïnteresseerd waren naar de resultaten kort na de operatie. In hoofdstuk 4
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laten we zien dat het haalbaar en veilig is om patiënten reeds vier dagen na een totale heup

operatie een maximaal-test uit te laten voeren op een fietsergometer. Met name vanwege het

terughoudende beleid ten aanzien van het geven van donorbloed na een operatie zijn de

fysiologische veranderingen kort na een operatie interessant. Zodra patiënten een postoperatief

hemoglobine gehalte onder de 4,3 mmol/l hebben, blijkt het aantal complicaties toe te nemen.

De invloed van bloedarmoede op het postoperatieve prestatievermogen was onbekend. In

hoofdstuk 5 werden tweehonderd patiënten getest op de fietsergometer en werd gekeken naar

de correlatie tussen de mate van bloedarmoede en het prestatievermogen. Zeer verrassend was

de bevinding dat geen enkele correlatie tussen de mate van bloedarmoede (binnen de algemeen

gebruikelijke marges) en het prestatievermogen kon worden aangetoond. Het multifactoriële

aspect van de stress reactie (surgical-stress) na een operatie is de meest waarschijnlijke verklaring

voor het afwezig zijn van deze correlaties. Op grond van deze bevindingen lijkt een restrictief

transfusiebeleid geen problemen op te leveren voor het versnelde revalidatie traject. Maatregelen

om het hemoglobinegehalte te verhogen, om andere reden dan een bloedtransfusie te

voorkomen, lijken dan ook niet zinnig. 

In hoofdstuk 6 is gezocht naar een methode om het postoperatieve hemoglobinegehalte

kunstmatig te verhogen op een ethisch verantwoorde manier. Hiervoor is een studie met

preoperatieve autologe bloed donatie (PABD) als postoperatieve “bloeddoping” uitgevoerd. Na

de operatie werd de anemie gecorrigeerd met het voor de operatie bij de bloedbank gedoneerde

bloed. Deze handelwijze leek het prestatievermogen na de operatie positief te beïnvloeden. Na

enkele weken was er nog steeds een verschil in hemoglobine gehalte te zien maar geen verschil

meer in prestatievermogen. Studieontwerp, het geringe patiënten aantal en de in hoofdstuk 5

gerapporteerd bevindingen maken een groter gerandomiseerd onderzoek naar postoperatieve

bloeddoping wenselijk. In hoofdstuk 7 is onderzocht hoe de fysieke conditie verslechtert na de

operatie en hoe dit herstelt in de loop van de tijd. Wij stelden vast dat enkele dagen na de

operatie de patiënten gemiddeld een afname in inspanningscapaciteit hadden van 23%. De fysiek

fitste patiënten hadden de grootste afname (28%) in prestatievermogen vergeleken met de

patiënten in slechte preoperatieve conditie (11%). Dit verschil was zelfs nog groter indien werd

gekeken naar de maximale zuurstof opname capaciteit (28% vs. 3%). De patiënten met een

gemiddeld tot goede conditie hadden de fysieke conditie na drie maanden weer op het

preoperatieve niveau. Dit in tegenstelling tot de patiënten die een preoperatief een matig tot

slechte algemene conditie hadden. Deze patiënten toonden geen significante afname van de

algemene conditie na de operatie en lieten zelfs een significante verbetering in conditie zien drie

maanden na de operatie. Er werd geen invloed van geslacht gezien of van het feit dat de patiënt

niet in staat was zich maximaal in te spannen.

Eén van de mogelijke verbeteringen tijdens de operatie is het minimaal invasief uitvoeren

van de operatie (MIS). In navolging van andere vakgebieden, is MIS ook binnen de orthopedie

geïntroduceerd. In hoofdstuk 8 wordt een pilot-studie gepresenteerd waaruit blijkt dat de

hoeveelheid spierschade en de ontstekingsreactie na een minimaal invasief uitgevoerde THP

operatie niet verschillen van de conventioneel uitgevoerde operatie. Op dit moment zien wij dan

ook geen andere voordelen van MIS anders dan het cosmetische voordeel van een kleiner litteken.

Deze bevindingen zijn in overeenstemming met klinische uitkomsten gepubliceerd in een

gerandomiseerde serie waarin één ervaren orthopedisch chirurg geen verschil zag in functioneel

herstel tussen MIS geopereerde patiënten in vergelijking met een standaard benadering.
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In Nederland was in 2003 de gemiddelde opnameduur van een totale heup vervanging nog elf

dagen. Sinds 1997 werken steeds meer ziekenhuizen met verkorte opname programma’s zoals

Joint Care®. Dit programma scoorde hoog indien getoetst aan de huidige kwaliteitsindicatoren

welke momenteel in Nederland gebruikt worden. Of dit programma ook hoog scoorde met de

klinische uitkomsten was niet bekend. Deze vraag werd gesteld omdat de patiënten reeds op de

vijfde ochtend na de operatie werden ontslagen. Hierdoor moesten de patiënten een intensiever

revalidatieprogramma volgen en gingen ze naar huis met een relatief verse wond. Het in

hoofdstuk 9 gepresenteerde onderzoek laat zien dat het door ons gebruikte klinische zorgpad

minimaal gelijk is aan de resultaten in de internationale literatuur. Wij zagen dat de meeste

patiënten (92%) inderdaad op de geplande vijfde postoperatieve ochtend ontslagen werden en

dat het aantal serieuze complicaties laag was. Het aantal heropgenomen patiënten was 6,4%. De

helft van deze heropnames was vanwege het uit de kom schieten van de prothese. Het aantal

hartklachten in deze serie was laag (0,8%). Deze resultaten zijn dusdanig bevredigend dat het

programma wordt gecontinueerd.

Tot slot worden in hoofdstuk 10 de fysiologische en klinische aspecten van het fysieke

herstel na een totale heup operatie besproken en aanbevelingen voor verder onderzoek gedaan.
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