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trigger, without negative effects on the patient outcome. 
Local support, training, and monitoring of the effects are 
requirements for programmes optimising the use of 
blood.

Introduction

Blood is a precious resource obtained from voluntary, not 
remunerated donors [1], and should be used to the greatest 
benefit of patients. In the last years, efforts have been under-
taken in order to optimise the use of blood. Results of clinical 
trials published in recent years have shown that optimising the 
use of blood components, particularly red blood cell (RBC) 
concentrates, not only reduces the costs related to blood 
transfusion but also may influence positively the outcome of 
patients, or at least does not worsen it [2–6]. As a conse-
quence, several guidelines for the use of RBCs have been de-
veloped by different societies and institutions [7–13]. Cur-
rently, further efforts to optimise patient care and use of 
blood components are ongoing under the concept of blood 
patient management [14–17].

In Switzerland, national guidelines for the transfusion of 
RBCs do not yet exist. But every institution transfusing blood 
components should implement a quality system in accordance 
with the current state of the art [18]. Guidelines for the use of 
blood components, as well as the documentation and the eval-
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Summary
Introduction: Optimising the use of blood has become a 
core task of transfusion medicine. Because no general 
guidelines are available in Switzerland, we analysed the 
effects of the introduction of a guideline on red blood 
cell (RBC) transfusion for elective orthopaedic surgery. 
Methods: Prospective, multicentre, before-and-after 
study comparing the use of RBCs in adult elective hip or 
knee replacement before and after the implementation 
of a guideline in 10 Swiss hospitals, developed together 
with all participants. Results: We included 2,134 patients, 
1,238 in 7 months before, 896 in 6 months after interven-
tion. 57 (34 or 2.7% before, 23 or 2.6% after) were lost 
before follow-up visit. The mean number of transfused 
RBC units decreased from 0.5 to 0.4 per patient (0.1, 95% 
CI 0.08–0.2; p = 0.014), the proportion of transfused pa-
tients from 20.9% to 16.9% (4%, 95% C.I. 0.7–7.4%; p = 
0.02), and the pre-transfusion haemoglobin from 82.6 to 
78.2 g/l (4.4 g/l, 95% C. I. 2.15–6.62 g/l, p < 0.001). We did 
not observe any statistically significant changes in in-
hospital mortality (0.4% vs. 0%) and morbidity (4.1% vs. 
4.0%), median hospital length of stay (9 vs. 9 days), fol-
low-up mortality (0.4% vs. 0.2%) and follow-up morbidity 
(6.9% vs. 6.0%). Conclusions: The introduction of a sim-
ple transfusion guideline reduces and standardises the 
use of RBCs by decreasing the haemoglobin transfusion 
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use of RBC concentrates. We targeted a multicentre approach 
including different kinds of hospitals for elective orthopaedic 
surgery and a single university hospital for cardiovascular sur-
gery. In this article we describe principles, methods and re-
sults of the multicentre study in hip and knee prosthesis in the 
hope, that this will inspire others to take similar initiatives, 
possibly as a first step towards development of a complete pa-
tient blood management programme. Meanwhile, since the 
performance of the project, the number of delivered RBC 
concentrates has dropped by about 10% and even by about 
15% on a per inhabitant basis in Switzerland [19], and this re-
duction is still ongoing. We are not able to state if the results 
are a consequence of this first and until now unique initiative 
in Switzerland trying to optimise the use of blood on a broad 
base, but during and after this project the use of blood compo-

uation of their use, should be part of this quality system. How-
ever, implementing and teaching a guideline as well as evalu-
ating its effect is a major challenge for hospitals being more 
and more confronted with limited financial and personal re-
sources. Furthermore, blood transfusion is in fact a complex 
but at the same time a very safe process that represents only a 
small proportion of the hospital costs and activities. Thus, 
hospitals usually depend on any kind of significant support/
funding for their efforts to achieve the implementation of 
guidelines. With this purpose, 5 years ago our group applied 
for a grant from the Swiss Red Cross Humanitarian Founda-
tion (SRC-HF), which amongst others supports research and 
development in the field of transfusion medicine. We planned 
to develop and introduce guidelines within Swiss hospitals in-
terested to implement them and to evaluate their effect on the 

Fig. 1. The developed guideline for RBC 
transfusion.
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comes were the differences between the proportion of transfused pa-
tients, the pre-transfusion haemoglobin values and the patient outcomes 
at the end of their hospitalisation and at the first consultation at least 30 
days after surgery. The patient outcomes comprised mortality and cumu-
lative complication rate, including cardiovascular events, bleedings, and 
infections (CTCAE grade 3 or higher [20]). 

Selection and Recruitment of Centres
We sent a letter to all Swiss hospitals known to include an orthopaedic 

unit, inviting them to participate in the study on a voluntary basis. Ten 
hospitals accepted to participate and completed the study. The 10 hospi-
tals performed about 7% of the elective hip and knee replacements in 
Switzerland during the study period. They were distributed in the 3 Can-
tons of Bern (central-western part of Switzerland, 5 hospitals), St. Gallen 
(eastern part of Switzerland, 3 hospitals), and Ticino (southern part of 
Switzerland, 2 hospitals). They comprised 1 university hospital, 3 public 
cantonal hospitals, 4 public regional hospitals and 2 private regional 
hospitals.

Inclusion and Exclusion Criteria
All adult (at least 18 years of age) prospective patients undergoing 

elective hip or knee replacement during the study period were included, 
independently from comorbidities or risk factors. Excluded were non-
elective interventions, patients with concomitant surgical procedures, pa-
tients younger than 18 years, patients refusing transfusions or patients for 
whom no adequate RBCs were available in the regional stock because of 
multiple RBC antibodies or rare blood groups. 

nents was repeatedly debated throughout the country, and 
several clinics implemented this or similar guidelines. There-
fore, we hope to have given a valuable contribution to the cur-
rent positive development. 

Material and Methods

Study Design and Participating Hospitals
We designed the protocol as a prospective, multicentre, before-and-

after cohort study in orthopaedic surgery, including all prospective pa-
tients planned for elective hip or knee replacement during the study pe-
riod in the hospitals accepting to participate. During the first 6 months 
(August 2007 to January 2008), we monitored the RBC use and the pa-
tient outcomes (phase 1 of the protocol). At the end of phase 1, a RBC 
transfusion guideline, jointly developed with the participating hospitals, 
was introduced and implemented. Because the development process of 
the guideline took 1 month longer than planned, we prolonged phase 1 to 
7 months (until February 2008). Transfusion data were continuously mon-
itored until completion of a subsequent post-interventional period of 6 
months (phase 2 of the protocol, March to August 2008). Because the 
aims of the project were part of the development of a mandatory quality 
system, in particular to implement measures for optimal blood use [18], 
the local Ethical Committee confirmed that no formal approval of the 
protocol was needed. 

The primary outcome was the difference in the number of RBC con-
centrates per surgical intervention between phase 1 and 2. Secondary out-

Table 1. A Practice guidelines and B clinical studies principally considered for the development of our guideline

A Practice guidelines
1  American Society of Anesthesiologists Task Force: Practice Guidelines for Perioperative Blood Transfusion and Adjuvant Therapies.  

An Updated Report by the American Society of Anesthesiologists Task Force. Approved by the House of Delegates on October 22, 1995 and last 
amended on October 25, 2005. 

2 Expert Working Group. Guidelines for red blood cell and plasma transfusion for adults and children. Int J Risk Saf Med 1997;10:255-271
3 Transfusion de globules rouges homologues: produits, indications, alternatives. Agence Française de Sécurité Sanitaire des Produits de Santé, 2002
4  Society of Thoracic Surgeons and Society of Cardiovascular Anesthesiologists. Perioperative blood transfusion and blood conservation in cardiac 

surgery: practice guideline. Ann Thorac Surg 2007:83(suppl 5):27–86

5  British Committee for Standards in Haematology, Blood Transfusion Task Force: Guidelines for the clinical use of red cell transfusions.  
Br J Haematol 2001;113:24-31

6  Vorstand und wissenschaftlicher Beirat der Bundesärztekammer: Leitlinien zur Therapie mit Blutkomponenten und Plasmaderivaten,  
3. Auflage. Deutscher Ärzteverlag, Köln 2003 

7  Bundesärztekammer im Einvernehmen mit dem Paul-Ehrlich-Institut:  Richtlinien zur Gewinnung von Blut und Blutbestandteilen und zur  
Anwendung von Blutprodukten (Hämotherapie). 2005, Änderungen und Ergänzungen 2007 

8 Blood Transfusion and the Anaesthetist: Blood Component Therapy. Association of Anaesthetists of Great Britain and Ireland, 2005 
9  Practice Guideline Development Task Force of the College of the American Pathologists_ Practice Parameter for the use of red blood cell 

 transfusions. Arch Pathol Lab Med 1998;122:130–138

B Clinical studies
1 Hébert P, et al: A multicenter, randomized, controlled clinical trial of transfusion requirements in critical care. N Engl J Med 1999;340: 409–417
2 Eindhoven GB, et al: Adjusted transfusion triggers improve transfusion practice in orthopedic surgery. Transfus Med 2005;15:13–18
3  Wong CJ, et al: A cluster-randomized controlled trial of a blood conservation algorithm in patients undergoing total hip joint arthroplasty.  

Transfusion 2007;47:832–841

4  Grover M, et al: Silent myocardial ischemia and hemoglobin concentration: a randomized controlled trial of transfusion strategy in lower limb 
 arthroplasty. Vox Sang 2006;90:105–112

5  Müller U, et al: Effect of a flow chart on use of blood transfusions in primary hip and knee replacement: prospective before and after study.  
BMJ 2004;328:934–938

6 Carson JL, et al: Perioperative blood transfusion and postoperative mortality. JAMA 1998;279:199–205
7 Weiskopf RB, et al: Human cardiovascular and metabolic response to acute, severe isovolemic anemia. JAMA 1998;279:217–221
8 Heier HE, et al: Transfusion vs alternative treatment modalities in acute bleeding: a systematic review. Acta Anaesthesiol Scand 2006;50:920–931
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was assessed by the Wilcoxon rank sum test. The pre-transfusion haemo-
globin values were also compared by the Wilcoxon rank sum test and the 
remaining secondary endpoints by the chi square test. Because only one 
primary endpoint was defined, no correction for multiple comparisons was 
performed. In order to avoid bias related to differences in the populations 
between phase 1 and 2, the primary endpoint and the proportion of trans-
fused patients were also re-analysed after adjustment for variables influ-
encing the transfusion need detected by logistic regression analysis (see 
‘Results’). Changes in the variability of outcomes between hospitals were 
evaluated by the Mood test. Other categorical variables were compared by 
the chi square test, and numeric variables by the Wilcoxon rank sum test. 

Results

Out of 2,144 surgical interventions recorded during the 
study period, 2,134 could be evaluated for transfusion of RBC 
concentrates, haemoglobin trigger and in-hospital morbidity; 
data on surgery, transfusion or haemoglobin values were par-
tially missing in 10 cases. 57 (2.7%) patients were lost during 
follow-up (34 in phase 1 (2.7%), 23 in phase 2 (2.6%)), in all 
cases because no medical reports of the follow-up visits were 
sent back to the study office. Consequently, 2,077 patients 
were evaluable at the last follow-up >30 days after surgery.

Basic characteristics of the patients and of the surgical pro-
cedures are reported in table 2. No differences were observed 
between phase 1 and 2, except for a higher number of pros-
thesis replacements and slightly higher preoperative haemo-
globin values in phase 1. The distribution of surgical proce-
dures between the hospitals is summarised in table 3; only 
minimal differences in the distribution between phase 1 and 2 
were observed.

After the introduction of the guideline, we observed a de-
crease of the mean number of RBC transfusions from 0.5 to 
0.4 units per patient (p = 0.014), which corresponds to a 20% 
reduction of the transfused RBC concentrates. Less patients 
received any transfusion of RBCs, and the haemoglobin level 
prior to transfusion was lower in phase 2 (table 4). In order to 
test whether differences in baseline variables do have an influ-
ence on the results, the analyses for the primary outcome and 
for the proportion of transfused patients were repeated after 

Development of the Guideline
In order to improve the compliance, we developed a simple, evidence-

based guideline together with the anaesthetists and/or orthopaedic sur-
geons responsible for the interventions in the participating hospitals (fig. 
1). For this purpose, the authors of this paper reviewed the literature for 
available guidelines (considered guidelines are listed in table 1), checked 
their compatibility with the published controlled clinical trials at this time 
(considered studies see table 1) and distributed a draft to all responsible 
persons of the participating hospitals. To avoid a bias during phase 1, the 
draft guideline was discussed with all participants, finalised and trained 
locally in the hospitals to as many medical doctors as possible only at the 
end of the phase 1. The finalised guideline was subsequently implemented 
in the standard procedures of the participating hospitals. One copy was 
put in the medical records of every patient included in phase 2 of the 
study, and pocket leaflets were distributed to the medical doctors. In 
order to properly complete this process, we had to prolong phase 1 of the 
study by 1 month (i.e., 7 instead of 6 months). 

Data Collection and Statistical Analysis
We collected data on patients’ characteristics, surgical interventions, 

haemoglobin values, transfusions and complications during hospitalisation 
and until the last follow-up. In order to control the patient groups for gen-
eral condition and comorbidities, we registered the American Society of 
Anaesthesiology (ASA) status. Two study nurses, specifically trained for 
the project, prospectively collected all the data from the hospital clinical 
records and from the reports of the follow-up visits, and entered them in a 
web-based electronic database of the Institute for Evaluative Research in 
Orthopaedic Surgery of the University of Bern which also performed the 
statistical analyses using SAS 9.1 (SAS Institute Inc., Cary, NC, USA).

The primary endpoint, the comparison between phase 1 and phase 2 
regarding the mean numbers of RBC concentrates transfused per patient 

Variable Phase 1 Phase 2 p value

N 1,238 896 n.a.
Gender (m/f), % 45.5/54.5 45.0/55.0 n.s.
Mean age, years (standard deviation) 68.1 (11.5) 67.9 (11.8) n.s.
Median ASA score (range) 2 (1–4) 2 (1–4) n.s.
Mean preoperative haemoglobin value, g/l (standard deviation) 138.0 (13.8) 135.6 (15.0) <0.001
Hip/knee surgery,% 57.7/42.3 58.8/41.2 n.s.
Primary surgery / prosthesis replacement, %) 91.9/8.1 95.5/4.5 <0.001
Mean duration of the surgical intervention, min (standard deviation) 107 (35) 107 (35) n.s.
Regional/general anaesthesia, % 69.8/30.2 68.2/31.8 n.s.
Use of blood tourniquet, % 36.1 34.5 n.s.
Preoperative autologous blood donation, % 4.9 3.8 n.s.
Intraoperative blood saving (CellSaver), % 3.6 4.0 n.s.

Table 2. Patient 
characteristics and 
surgical procedures 
before (phase 1) and 
after (phase 2) intro-
duction of the trans-
fusion guideline

Hospital Phase 1 Phase 2

 1   8.3%   6.1%
 2   4.8%   5.6%
 3   7.7%   6.7%
 4   3.0%   4.0%
 5   3.0%   4.3%
 6   5.0%   8.4%
 7  13.2%  13.1%
 8  15.6%  16.0%
 9  19.3%  17.1%
10  20.1%  18.7%

Total 100.0% 100.0%

Table 3. Percent dis-
tribution of the sur-
gical interventions 
between the hospitals
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blood management [14–17]. Projects aimed to achieve this 
goal are time-consuming, and under the current financial and 
performance pressure it is often difficult to find the resources 
needed. Our experience suggests that improvements can be 
achieved by a small group of persons leading and coordinating 
the activities of the major players in transfusion medicine. 
Key factors that may have contributed to the success of the 
guideline are in our opinion its simplicity, the lack of require-
ment for major changes, the concerted development in col-
laboration with the local opinion leaders, its wide distribution 
among the staffs and the development of a sense of ownership 
on the guideline and on the results achieved. Effectively, be-
cause the guideline was based on the current literature appli-
cable for several patient categories and no negative effects 
after its introduction could be observed (see below), we could 
make it immediately available for all participating institutions 
after the study. The participating university hospital also ap-
plied the guideline for other non-orthopaedic wards like car-
diovascular surgery. In this way we achieved our goal to im-
plement guidelines as part of a quality management system 
making the first step towards the concept of patient blood 
management in the hospitals.

Our intervention also showed a significant effect in reduc-
ing the RBC use and the proportion of transfused patients, 
among others by reducing the mean haemoglobin level prior 
to transfusion. In this context, the project may have some lim-
itations. First, confounding factors may have resulted in a 
lower transfusion need irrespective of the guideline. But this 
effect was still observed after adjustment for differences be-
tween the two phases, probably because in phase 2 the pa-
tients actually received fewer transfusions despite lower pre-
operative haemoglobin values. Furthermore, no hospital re-
ported other changes in their surgical or other perioperative 
procedures, which could also have influenced the results. Sec-
ond, the observed change may be related to a concomitant, 
general reduction of transfused RBC concentrates in Switzer-
land during the same time interval, independent of the initia-
tive of our project. But this is not the case, as the RBC use in 
Switzerland actually increased by 1.6% between 2007 and 
2008 [19]. Third, the effect of being under study may already 

adjustment for variables found to have an influence on the 
transfusion need by logistic regression. These comprise age  
(p < 0.001), preoperative haemoglobin (p < 0.001), % of pros-
thesis replacement (p < 0.001) and type of anaesthesia (p = 
0.037). Additionally to the raw results in table 4, adjusted dif-
ferences in RBC use or odds ratios for transfusion probability 
are reported in table 5. The adjusted data confirmed the find-
ings of the unadjusted raw data.

The variability between hospitals decreased in the phase 2 
for both the number of transfused RBC units per patient and 
the proportion of transfused patients. The range of transfused 
RBC units per patient decreased from 0.11–1.16 in phase 1 to 
0.14–0.69 in phase 2 (p < 0.001). The range of the proportion 
of transfused patients decreased from 4.6–43.7% in phase 1 to 
6.9–28.3% in phase 2 (p < 0.001). The inter-hospital range of 
the pre-transfusion haemoglobin values in phase 1 was 76.9–
88.9 and in phase 2 68.5–81.2 (not significant).

We did not observe any differences in length of hospital 
stay, mortality and cumulative complication rates between 
phase 1 and 2. The mean time point of the last follow-up was 3 
days earlier in phase 2. The results are outlined in table 6.

Discussion

In the last years, efforts to optimise the use of blood have 
been undertaken in several countries, transfusion guidelines 
for RBC concentrated have been published [7–13], and a fur-
ther optimisation is ongoing under the concept of patient 

Table 5. Differences of transfused RBC units per patient and odds ratios of transfused patients, unadjusted and adjusted for variables influencing the 
transfusion need (see text)

Outcome Difference unadjusted 95% CI Difference adjusted 95% CI

RBC per patient (units, difference) 0.1 0.08–0.20 0.12 0.03–0.21
Proportion of transfused patients (odds ratio) 1.3 1.05–1.63 1.8 1.17–2.75

Table 6. Follow-up results

Outcome Phase 1 Phase 2 p value

Length of hospital stay, days  9  9 n.s.
Hospital morbidity, %  4.1  4.0 n.s.
Hospital mortality, %  0.4  0.0 n.s.
Time of follow up after intervention,  

days
52 49 0.0014

Morbidity on follow-up, %  6.9  6.0 n.s.
Mortality on follow-up, %  0.4  0.2 n.s.

Outcome Phase 1 Phase 2 Difference 95% CI p value

RBC per patient, units  0.5  0.4 0.1 0.08–0.2 0.014
Transfused patients, % 20.9 16.9 4.0 0.70–7.40 0.020
Pre-transfusion Hb, g/l 82.6 78.2 4.4 2.15–6.62 <0.001

Table 4. Absolute number of RBC concen-
trates per patient (primary endpoint), propor-
tion of transfused patients, and pre-transfusion 
haemoglobin (secondary endpoints), unad-
justed.
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higher morbidity. Second, 57 patients were lost from follow-
up. Their number was low, the reason for the missing data for 
all patients the same, and the patient number was nearly bal-
anced between phase 1 and 2. Therefore, it is unlikely that an 
additional bias may have influenced the results. But obviously 
the validity of the results should be demonstrated in a ran-
domised trial.

In conclusion, a simple transfusion guideline (fig. 1) could 
be introduced in 10 Swiss hospitals. It was broadly accepted 
and quickly implemented; it reduced and standardised the use 
of RBCs by decreasing the haemoglobin transfusion trigger 
without negative effects on the patient outcome. Further-
more, it complied successfully with the legal demand of intro-
ducing quality systems in the hospitals. Since the end of this 
project, the necessity to implement guidelines and other in-
struments optimising the use of blood has been repeatedly de-
bated in Switzerland: the use of RBC concentrates per 1,000 
inhabitants has dropped by about 15% so far (end of 2013) 
[19]. Furthermore, several hospitals are now evaluating blood 
patient management programmes, and additional efforts to 
optimise the use of blood are still ongoing. With the presented 
project we hope to have given a valuable contribution to the 
current positive development and to inspire others to take 
similar initiatives.
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have reduced the RBC need in phase 1. In order to avoid this 
effect, we restricted information about the project to the sin-
gle responsible persons in the hospitals, and the staffs were 
informed only at the moment of the training and implementa-
tion of the guideline.

The observed effect was lower than that observed in a simi-
lar former study performed in a single centre in Switzerland 
[21]. The RBC use and its variability in Switzerland seem also 
to be relatively low when compared to other countries [22, 
23]. This suggests that the potential for improvement in RBC 
use may be limited, at least for elective orthopaedic surgery in 
Switzerland. Alternatively, the institutions accepting to par-
ticipate could have been those where physicians have been 
already aware of good transfusion practices and therefore be-
forehand have applied certain transfusion rules. Our result 
from a parallel survey at a university clinic showed a rate of 
transfused patients of 67.9% in elective patients undergoing 
aortic aneurysm, coronary artery bypass and hearth valve sur-
gery [24], and the comparison with the literature suggests that 
further improvement may be achieved also in other indica-
tions than orthopaedic surgery [25]. Furthermore, the ob-
served preoperative haemoglobin values were relatively close 
to the lower norm value for men [26, 27], who represented 
45% of the patients in our collective. Thus, we suggest that 
developing towards a complete patient blood management 
programme by correcting preoperative anaemia should fur-
ther reduce the transfusion need. 

There is now evidence from randomised trials that a reduc-
tion of the haemoglobin transfusion trigger does not influence 
negatively the morbidity or mortality [2–6]. Consistently, we 
found no differences between phase 1 and 2, neither with re-
gard to the in-hospital complications nor during the time until 
the follow-up performed >30 days after surgery. However, 
two elements have to be considered in the interpretation of 
the follow-up results. First, the mean time point of the last 
follow-up was 3 days earlier in phase 2 than in phase 1 (49 vs. 
52 days, see table 6). This may cause an underestimation of 
the proportion of adverse events in phase 2. However, be-
cause of the moderate extent of the difference, the elapsed 
time interval since the intervention and the trend towards a 
lower number of events in phase 2, it seems at least unlikely 
that the introduction of our guideline may have caused a 
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