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Conversion factors  

Hemoglobin concentration: 

- Multiply by 1.61 to get from millimol per liter (mmol/L) to gram per deciliter (g/dL) 

- Multiply by 0.62 to get from g/dL to mmol/L 1 

Hematocrit value 

-“10/30 rule” e.g. hemoglobin 10 g/dL (6.2 mmol/L) = hematocrit is approximately 30% 2 
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     In memory of Johanne Augusta Gregersen 

-           - my dear grandmother who died shortly after hip fracture surgery 

 

The red color is warm and reminds us of love and lifeblood 

The red blood is giving life to our bodies by pumping through our veins 

The blood is giving life for our souls 
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Introduction 

 
 
In the years 2003 to 2005, a high mortality rate was observed in hip fracture patients from 

nursing homes discharged from Aarhus University Hospital [3]. At that time, nursing home 

residents were discharged a few days after surgery and without geriatric follow-up. 

Therefore in 2006, the Geriatric Department initiated a standardized geriatric follow-up in 

the patient’s residence after the hospitalization. In 2008, this service was expanded to a 

more tailored intervention. In the context “Early discharge - hospital at home”, the tailored 

geriatric intervention was brought into focus immediately after discharge [4]. A hospital-

based multidisciplinary geriatric specialist service in the municipalities had the task of 

improving continuity of care across the sector line in the healthcare system. The 

postoperative interventions in the nursing home residents were, among others, focusing on 

medical evaluation including pain management, fall diagnosing, treatment of osteoporosis, 

early mobilization, nutritional supplementation, fluid therapy, and a liberal red blood cell 

(RBC) transfusion strategy. This transfusion strategy was a hemoglobin threshold of 7 

mmol/L (11.3 g/dL) which was higher than the threshold of 6 mmol/L (9.7 g/dL) 

recommended by the Danish National Guidelines [5]. We found that the tailored 

intervention seemed to improve recovery from physical disability, and furthermore reduced 

30-day mortality from 19% to 8% compared with a standardized follow-up. The most 

important differences between the standardized and the tailor-made follow-up methods 

were 1) patients were visited when needed instead of at fixed schedule and 2) a more 

liberal transfusion strategy that brought the hemoglobin value up to 7 mmol/L was 

followed. However, it seemed important to examine which part of the intervention was 

responsible for the crucial improvement in recovery from physical disability and in 

reducing mortality. 

The present PhD study is a continuation of these findings. A hip fracture can have 

fatal consequences for the physically and cognitively impaired older adult [6]. It is well 

known that the probability of 30-day mortality is associated with age and comorbidity [7]. 

Hip fracture surgery is associated with blood loss, and anemia is associated with poor 

patient outcomes [8]. A large number of observational studies have compared outcomes in 

transfused patients with non-transfused patients, but many of these studies are limited by 

lack of adjustment of confounding variables or biased by potential unmeasured or 

unknown confounders [9]. By minimizing bias and confounding problems through 

randomization, many experimental studies have examined a restrictive RBC transfusion 

strategy in comparison with a liberal strategy, with the aim of saving RBC products 
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without harming the anemic patients [10]. These experimental studies, characterized by 

mixed patient populations with varying age, disabilities, and diseases, do not offer much 

attention to the frail elderly hip fracture patient from a nursing home who has low 

functional abilities and high risk of mortality. Therefore it is necessary to examine only the 

frail elderly in such a way that important patient outcomes did not disappear in the large 

diverse populations.  
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Background for the PhD project and existing literature 

Anemia in the elderly 

Anemia is a decreased concentration of hemoglobin (Hb) in the blood in a normally 

hydrated and euvolemic person [11].  
 

 

 

 

 
 

 

The Hb concentration is lower on average in people of older age. With advancing age in 

normal adults, Hb decline around 0.03 to 0.06 g/dL annually, with men suffering a faster 

fall. Yet, this modest fall does not result in anemia in most people [12]. The prevalence of 

anemia in the elderly hospitalized patient or nursing home resident ranges between 35% 

and 54% [13-16], and is associated with poor physical performance [14,15]. In prevalent 

anemia (chronic), conditions such as certain infections, inflammatory diseases, kidney 

diseases, thyroid disease, peptic ulcer, and cancer are important causes via immune-driven 

processes [17-19]. Incident anemia (acute) is a condition in which the amount of red blood 

cells suddenly drops, e.g. due to blood loss in surgical procedures, drains or 

gastrointestinal bleeding. Incident anemia increases the heart rate, but does not affect the 

blood pressure [20]. Clinical signs such as tachycardia, cyanosis or pallor and cool, 

clammy skin will suggest a diagnosis of anemic hypoxia after acute blood loss. Oxygen 

(O2) delivery to the peripheral tissues is proportionally dependent on three factors: the 

cardiac output, the arterial O2 saturation, and the arterial Hb concentration which in turn is 

dependent on the concentration of red blood cells in the plasma, since almost all Hb 

molecules are located inside the red blood cells [21].  

 

Functional impairments and Quality of Life  

Anemia is a powerful prognostic factor for the development of frailty manifest in the form 

of muscle weakness, reduced physical performance, and falls [12]. Patients with anemia 

have a lower rate of recovery from physical disability than those with a normal Hb level 

[22,23]. Functional recovery and self-scored energy level after hip repair increase with 

higher Hb levels, which were independently associated with increased walking distance 

[24]. Nursing home residents with Hb levels between 6.2 and 6.8 mmol/L (10 and 11 g/dL) 

The definition of anemia according to World Health Organization (WHO) [194] 
 

� Female:  Hb concentration in the blood < 7.5 mmol/L (12 g/dL)  

� Male:  Hb concentration in the blood < 8.1 mmol/L (13 g/dL) 
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had significantly worse ADL functioning than residents with a level above 8 mmol/L (13 

g/dL) [15]. Anemia is associated with impaired handgrip strength and knee extensor 

strength, and it increases the risk of fall [25,26]. Furthermore, anemia increases the risk of 

incident dementia [27]. Cognition score, measured by MMSE, in the anemic elderly is 

lower than subjects who have normal Hb levels [28]. Studies of nursing home residents 

found a positive correlation between cognitive function score and Hb levels [13,29]. 

Postoperative anemia is associated with delirium [30] and anemia in the elderly is 

associated with worse health-related Quality of Life (HRQoL) ratings [29]. Elderly long-

term care residents with a Hb less than 10 g/dL have a significantly lower HRQoL than 

those with the >13 g/dL reference value [31,32]. 

 

 

 

 

 

 

 

 

 

Mortality 

In the community-based population, prevalent anemia significantly predicts hospitalization 

and mortality [8]. In the hospitalized geriatric patients and in the nursing home residents, 

anemia is related to both 3-month and 6-month mortality [33-35]. By incident anemia the 

risk of 30-day mortality becomes extremely high in elderly Jehovah’s Witness patients 

with Hb level below 3.7 mmol/l (6 g/dL). Below this level, a compensation for a reduced 

oxygen-carrying capacity is no longer adequate, and leading to ischemia and death [36]. In 

patients with cardiac vascular disease (CVD) there is a trend toward an increased mortality 

when Hb value is below 5.9 mmol/L (9.5 g/dL) as compared with patient with other 

diagnoses [37]. Mortality declines steadily with increasing EVF value (hematocrit), and the 

greatest risk of 30-day mortality was seen with an admission EVF value between 5% and 

24% [2,38]. Low Hb concentration represents underlying diseases when causes of death in 

older anemic persons most often are due to malignant neoplasms or infections, and not due 

to aging [19,39].  

 

 

Acute anemia predicts:  
 

� Impaired ADL recovery 

� Risk of fall 

� Reduced handgrip and knee extensor 

strength 

� Delirium 

� Health-related Quality of Life  

� Mortality 
 



 

- 9 - 

Hip fracture  

Hip fracture in the proximal part of the femur occurs most frequently in the elderly 

population, and approximately 72% of the hip fracture patients are women [40,41].  Mean 

age at the first hip fracture at the first hip fracture is 80 years for men, and 81 years for 

women.   

Figure 1 Types of hip fractures.     

 
               

 

                        

 

                          

The hip fractures are distributed with 54% femoral neck (intercapsular), 40% trochanteric, 

and 6% subtrochanteric fractures [42] (extracapsular), and are placed as seen in Figure 1. 

Hip fractures are primarily caused by fall related to osteoporosis [40]. Hip fractures are 

most often treated surgically by arthroplasty or internal fixation. Hip fractures account for 

9% of the Danish population, and the incidence rate of the first hip fracture has fallen in 

both sexes as also noted in other Western countries [42].  

Postoperative complications 

Prevalent anemia at admission is found in 43-46 % of the hip fracture patients and is 

associated with the development of postoperative complications [34,40,43]. Perioperative 

blood loss leading to acute anemia is common in patients with hip fracture [44]. A 

significant decrease in Hb level is found in elderly Norwegian hip fracture patients: 

preoperative from average 7.4 mmol/L (12 g/dL) to postoperative 5.6 mmol/L (9 g/dL) 

[45]. Arthroplasty is associated with a risk of a greater blood loss than internal fixation 
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[46]. In hip fracture patients the frequency of postoperative red blood cell (RBC) 

transfusions varies between 48% and 69% [4,23,47,48]. RBC transfusions in pre-fracture 

independent-walking hip fracture patient are median 2 RBC units (IQR: 0-3) per patients 

[23].  

Incident anemia is associated with an increasing risk of nosocomial infections 

[49]. A postoperative Hb level below 6.2 mmol/L (10 g/dL) is associated with 

complications such as UTI, pneumonia, and myocardial infarction [45]. Urinary tract 

infection (UTI) is the most frequent infection after hip fracture surgery, approximate 26% 

of the elderly acquire  a UTI [49]. Pneumonia is the most common postoperative 

complication in men, and UTI is most common in women [50]. Arthroplasty leads to 

longer operation time, significantly fewer postoperative complications, and fewer re-

operations [46,51]. Advanced age is not related to number and type of complications after 

hip fracture [52]. 

 

        

 

 

 

 
 

 

 

 

 

Within 30 days after surgery, approximately 30% of the hip fracture patients develop a 

state of delirium [53]. A prolonged incidence of delirium (≥ 4 weeks) is found to be 

associated with poor functional outcome and increased mortality [53]. The risk of delirium 

increases with advanced age and a postoperative Hb level below 6.2 mmol/L (10 g/dL) in 

elderly admitted from institutional care, and in demented elderly [45]. Acute 

gastrointestinal hemorrhage (bleeding peptic ulcer) occurs in 3.9 % of the patients with hip 

fracture and is an independent predisposing factor, especially in those with co-morbidities 

and in NSAID treatment [54,55]. Peptic ulcer increases blood loss and mortality [56].  

 

Recovery from physical disabilities  

Postoperative anemia in hip fracture patients is associated with decreased ambulation, 

reduced functional independence, and reduced walking distance on discharge [24,57]. 

Patients with a Hb level below 6.2 mmol/L (10 g/dL) have a significant lower ambulation 

score on the second and third postoperative day [23]. Functional recovery and self-scored 

Most frequent postoperative complications after hip fracture surgery: 
 

� Acute anemia 

� Urinary tract infection 

� Pneumonia 

� Wound infection 

� Delirium 

� Pain 

� Acute gastrointestinal hemorrhage 
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energy level after hip fracture repair increases with higher Hb levels, and a higher 

postoperative Hb level is independently associated with walking greater distance [24].  

Advanced age is strongly associated with poor recovery of both ADL and 

ambulation after hip fracture [58]. In the youngest elderly, recovery peaks at 6 months, but 

recovery in the oldest old continues for 12 months [58]. Hip fracture in nursing home 

residents is associated with substantial loss of functional independence and ambulation 

[59]. Pre-fracture functional level is found to be a strong and consistent predictor of short- 

and long-term rehabilitation outcomes in hip fracture patients [35,60-64], and co-

morbidities have a negative impact on mobility and ADL recovery [65]. Moreover, 

cognitive impairments seem to negatively influence the outcome of patients with hip 

fracture [45,66] even though the cognitive impaired have the same potential of successful 

rehabilitation as non-cognitive impaired who were pre-fracture mobile [67,68].  

Cervical fractures are associated with better functional outcome than trochanteric 

fractures [60,69,70], and for patients with cognitive impairment, hemiarthroplasty provides 

a better functional outcome compared to internal fixation [71]. Patients receiving an 

arthroplasty have less pain postoperatively than patients with internal fixation, but after 1 

year no difference in pain is found [46,71,72]. 
 

 

 

Quality of Life 

To perform ADL more independently after hip fracture repair appears to speed up recovery 

in some QoL areas [73]. However, hip fracture patients report a lower overall QoL even 

before the fracture occurred, and they seem to be less satisfied with life as a whole 

[59,74,75]. Twelve months after hip fracture surgery, elderly with internal fixation reports 

a lower QoL than patients with arthroplasty [71] whereas the opposite is the case when 

QoL is assessed by proxies [75]. Norwegian nursing home residents report a lower HRQoL 

score than the general population in Norway [76] and frail nursing home residents report a 

lower HRQoL than non-frail residents [77]. Yet, people with dementia seem to have a 

Predictors of poor recovery from physical disability after hip fracture surgery: 
 

� Acute anemia 

� Prevalent anemia 

� Advanged age 

� Impaired prefracture functional level 

� Comorbidities 

� Cognitive impairment 

� Internal fixation compared to arthroplasty 

� Trochanteric fractures compared to cervical   
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more positive outlook on their lives and roles than their caregivers have [78,79]. Elderly 

with dementia are able to express views about their QoL, even in the later stages of their 

illness [78,80-82].  

In elderly patients undergoing elective orthopedic surgery, red blood cell (RBC) 

transfusions and hemoglobin (Hb) levels at discharge are not associated with QoL within 

the first 2 weeks postoperatively [83].  However, in the randomized controlled trial (RCT) 

in which this finding was made; Hb values were not significantly different in patients 

treated according to a restrictive versus those treated according to a liberal RBC 

transfusion strategy. In a prospective observational study in elderly patients after primary 

hip arthroplasty, Conlon et al. found a positive correlation between Hb levels on discharge 

and changes in QoL scores from preoperatively to 2 months after surgery [84]. 

Furthermore, studies in older patients have demonstrated associations between prevalent 

(chronic) anemia and HRQoL [29,31]. Elderly long-term care residents with a Hb less than 

10 g/dL have a significant lower health related (HR) QoL than patients with the >13 g/dL 

reference [15,32].  

In elderly hip fracture patients physical measurements are highly correlated with 

HRQoL [85]. Patients with good mobility (no walking aid or just one stick) have 

significantly better QoL scores than those with poorer mobility (walker or wheel chair) 

[86]. Hip fracture patients report a lower overall QoL even before the fracture occurred 

[59,74], and 12 months after hip fracture both QoL and physical functional status are 

decreased in the nursing home residents compared to prefracture status [59].  

 

Mortality 

Hip fractures have the highest rate of mortality of all of the fragility fractures [69,87-90]. 

Overall mortality is 23-29% during the first year after hip fracture, and hip fracture patients 

have a 2 to >3-fold risk of 1-year mortality compared to persons without hip fracture [91-

96]. During the first 3 postoperative months, elderly with hip fracture have a 5- to 8-fold 

increased risk for death compared to a matched group of elderly without hip fracture [70] 

and 3-month mortality rate varies between 5% and 24% [45,50,89]. In Denmark, the 30-

day mortality rate is 11% in >65-year-old hip fracture patients [97]. The inability to stand 

up and sit down and the inability to walk 2 weeks after surgery are strong predictors for 

mortality [98]. Besides, being 85 years or older and having cognitive impairment are 

associated with a higher incidence of mortality in elderly hip fracture patients [45,50,96]. 
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Men with hip fracture have a higher cumulative mortality than women, despite men being 

on average 4 years younger at the time of fracture [6,35,45,50,63,65,66,96,99-101]. Men 

are more likely to suffer from most comorbidities included in the Charlson Index, 

especially pronounced for malignancy, cardiac heart failure, chronic obstructive pulmonary 

disease, and all forms of arterial diseases [101]. Comorbidities and chronic anemia are 

associated with both in-hospital and 6-month mortality [34,65,102,103]. Depression and 

dementia in the elderly with hip fracture significantly increase the risk of 1-year mortality 

[104]. 

There is no significant difference in short-term or long-term mortality between 

arthroplasty and internal fixation [51]; however, mean survival is slightly longer after a 

femoral cervical fracture than after a trochanteric fracture [101,105]. Moreover, timing 

matters in hip fracture surgery. A meta-analysis that included 191,873 patients found that a 

surgical delay of 24/48 hours or more increases the risk of death [106]. The risk of death 

for patients admitted during weekends or on public holidays was not found to be higher 

[107]. The anesthetic technique does not seem to have a major impact on postoperative 

mortality 108. The mortality rate after a second hip fracture is significantly increased [41].  

In all hip fracture patients, the most important causes of death seem to be related 

to cardiac and pulmonary factors, and dementia [6,90,109,110]. Death is in theory found to 

be potentially avoidable in 57% of the elderly hip fracture patients who die [89]. 

 

Predictors of mortality after hip fracture surgery: 
 

� Chronic anemia 

� Acute anemia 

� Advanged age 

� Male sex 

� Comorbidities 

� Cognitive impairment 

� ADL dependency (pre-fracture) 

� Inability to walk (pre-fracture)  

� Trochanteric fracture compared to cervical 

� Depression 

� Surgery delay 

� A previous hip fracture 

� Residential status 

� Polypharmacy 
 



 

 - 14 -

Red blood cell transfusions  

RBC transfusions are typically used to provide an immediate correction of incident anemia 

and operative hemorrhage. Transfusions improve the oxygen-carrying capacity, but they 

may not be effective in all patients [111,112]. Anemia at admission is the most useful 

predictor of RBC transfusion risk during hospitalization [44,113]. A Danish observational 

study of consecutively hip fracture patients aged 60+ years and found that female gender, 

increasing age, admitted from residential care, increasing ASA score, extracapsular 

fractures, low admission Hb, use of aspirin or other platelet inhibitors at admission were all 

significantly associated with RBC transfusion [114]. 

 

 
 

 

 

 

 

 

 

 

 

Infections 

Transfusions are thought to cause a reduction in the recipient’s immune response [115]. 

Immunomodulating effects may increase the risk of developing nosocomial infections, 

acute lung injury, and autoimmune diseases later in life [115]. This is particularly an 

important issue in critically ill, injured, and postoperative patients. Several cohort studies, 

comparing patients who received blood transfusion with those who were not transfused, 

have examined the potential association between allogeneic blood transfusion and 

postoperative bacterial infections [116]. In most of the observational studies, it was found 

that RBC transfusion increased the risk of postoperative bacterial infections defined as 

bacteremia, pneumonia, deep wound infection, or sepsis [49,115,117-121], whereas other 

observational studies found no such associations [54,91]. In a prospectively observational 

study of 1349 patients, RBC transfusions were found to be a significant independent 

predictor of postoperative wound infections and intra-abdominal sepsis in colorectal 

surgery [118]. Potential confounders to surgical site infections are length of surgery, 

tobacco use, diabetes, and preoperative anemia [121].  

 

The Danish Health and Medicine Authority’s recommendation for 

RBC transfusion until 2014 was: 

 

� hemoglobin threshold of 6 mmol/L (9.7 g/dL)  

 

or on occurrence of symptoms of anemia in younger patients with 

normal heart and lung function, the RBC transfusion could be 

postponed to Hb concentration of 4.5 mmol/L (7.2 g/dL) [158]. 
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Mortality 

In both critically ill patients and surgery patients, RBC transfusion is found to be 

associated with increased overall mortality when comparing transfused with non-

transfused [115,119,122]. However, among patients younger than 80 years, RBC 

transfusions do increase the risk of death within 6 months, but in patients above 80 years 

transfusions did not increase either 6-months or 3-years mortality [123]. RBC transfusions 

are associated with mortality, but when adjusted for baseline characteristics and 

confounding variables such as age, gender, residential status, and preoperative Hb level, 

transfusion was no longer associated with 120-day mortality or 1-year mortality [91]. In 

patients with community-acquired severe sepsis and septic shock, RBC transfusions are 

common. Adjusting for possible confounding factors and severity of illness, transfusions in 

these patients are associated with lower risk of 28-day mortality [124]. In CVD patients 

there is a disproportionate increase in mortality with increasing anemia [37,125], and in 

elderly patients with acute myocardial infarction, whose erythrocyte volume fraction 

(EVF) on admission fell into the categories ranging from 5-24%, RBC transfusion was 

associated with a reduction in 30-day mortality [38]. Mortality in hip fracture patients 

receiving ‘old’ units of blood (>14 days) do not differ from those receiving ‘new’ units 

[126]. 

 

RBC transfusion strategies 

The use of erythrocyte components has been the standard care for treating anemia for more 

than 100 years and considered as simple and harmless to the patients [127]. Researchers 

began to question the evidence behind this practice in the 1990s, and in the latest decade 

many trials and meta-analysis have been performed aiming at saving blood without 

impairing clinical outcomes. Denmark spent in 2008, 67 units of blood per 1,000 

inhabitants, and the rate has remained at roughly the same high level for over 20 years 

[97]. Most research studies conclude that a restrictive RBC transfusion strategy is to be 

advised. RCTs and meta-analyses have compared restrictive strategies with liberal 

strategies in various patient populations according to age, prefracture abilities, and diseases 

(Table 1). Hb targets in restrictive strategies are in the range of 4.3 to 5.6 mmol/L (7-9 

g/dL) but transfusion can be given if signs and symptoms indicate anemia. Hb targets in 

liberal strategies are in the range of 5.6 to 6.2 mmol/L (9-10 g/dL) [72,128-142].  

A meta-analysis combined nine of the RCTs, and concluded that a lower Hb 

threshold of minimum 4.3 mmol/L (7 g/dL) does not adversely affect 30-day or 60-day 
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mortality, physical recovery or infection rates [10]. In hip fracture patients, a large 

multicenter study from USA/Canada found no difference in short-term mortality, physical 

recovery, or infection rates [137]. Another recent meta-analysis found that a restrictive 

RBC transfusion strategy was associated with a reduced risk of serious infection compared 

to a liberal strategy [143]. Thus, RBC resources can be saved.  

However, in all these experimental studies regarding optimal thresholds for RBC 

transfusions, the frail elderly hip fracture patients were mixed with the overall study 

population in which the results for solely this frail population disappeared, or the frail 

elderly was totally excluded from the studies, although we in the literature found that: 

� Being 85 years or older and having cognitive impairment are associated with a 

higher incidence of mortality [45,50,96] 

� Nursing home residents with Hb levels between 6.2 and 6.8 mmol/L (10 and 11 

g/dL) had significantly worse ADL functioning than residents with a level above 8 

mmol/L (13 g/dL) [15]. 

� Anemia in the frail elderly is related to 3-months mortality [34,35] 

� The risk of delirium increases in association with: advanced age, postoperative Hb 

level less than 6.2 mmol/L (10 g/L), residential status, and state of dementia 

[30,45,144]  

� Delirium is associated with poor functional recovery after hip fracture and with 

death [144,145] 

� Postoperative Hb level less than 6.2 mmol/L (10 g/dL) is associated with 

complications such as UTI, pneumonia, and myocardial infarction [45,49] 

� Pneumonia is associated with death [35] 

� In patients above 80 years, RBC transfusions do not increase either 6-month or 3-

year mortality [123] 

� In severely ill CVD patients a liberal RBC transfusion strategy seems to reduce 

mortality [37,146] 

� Frail elderly patients who undergo surgery are more likely to encounter 

postoperative complications (e.g. pneumonia, delirium, and UTI), prolonged 

hospital stays, institutionalization, and higher mortality rates [147]   

� Frailty is associated with adverse outcomes including fall, postoperative 

complications, delayed recovery, morbidity, disability, and mortality [148-151] 



 

                                                                                                                                                                  

 

  

 

 Table 1 Randomized controlled trials and meta-analyses concerning red blood cell (RBC) transfusion strategies in chronological order (1/6)  

   
 
 Study 

 
 
Patients and setting 

                 Postoperative intervention                                              Outcomes             

   Restrictive target    Liberal target  Physical ability    Mortality  Infection          Conclusion 

  

 Bush 

 1997 
 California, USA 

 RCT ^ 

 

 

99 patients undergoing elective 
major arterial reconstructions in 
an intensive care unit. 
Mean age: 65 years 

 

Hb level 5.6 mmol/l  
(9 g/dL) 
Period: 48 hours 
 

 

Hb level 6.2 mmol/L 
(10 g/dL) 
Period: 48 hours 
 

 

NR 
 

30-day mortality: 
No difference 
(8% vs. 8%) 
 

 

NR 
 
 

 

A lower threshold was tolerated 
without clinical adverse 
outcome.  
 
Quality of study: 8/10 

 

 Carson  
 1998  
 Scotland 

 RCT ° ^  

 Pilot study 
 
 

 

80 hip fracture patients without 
symptoms of anemia and 
hospitalized in an orthopedic 
department. 
Mean age: 82 years 
 

 

Hb level 5 mmol/L 
(8 g/dL) or by symptoms 
of anemia (chest pain, 
congestive heart failure, 
and unexplained 
tachycardia or 
hypotension 
unresponsive to fluid 
replacement) 
Period: 6.3 days (±3.4) 

 

Hb level 6.2 mmol/lL 
(10 g/dL) 
 
 
 
 
 
 
 
Period: 6.4 days (±3.4) 

 

At 60 days: 
“Death or inability 
to walk across the 
room without 
assistance”: 
No difference 
(39% vs. 45%) 

 

30-day mortality:  
No difference 
(2.4% vs. 2.4%)  
60-day mortality:  
No difference 
(11.9% vs. 4.8%) 
 
 

 

Pneumonia during 
hospital stay:  
No difference  
(0% vs. 4.8%) 
 
 
 

 

A restrictive strategy may be an 
effective blood-sparring 
protocol associated with fewer 
RBC transfusions. 
 
Quality of study: 7/10 

 

 Bracey 
 1999 
 Texas, USA 

 RCT ° ^ 

 

 

428 elective primary coronary 
bypass graft surgery patients in 
an intensive care unit.   
Mean age: 61 years 

 

Hb level 5 mmol/L 
(8 g/dL) or if clinical 
conditions requires RBC 
transfusion 
Period: 5 days 

 

Hb level 5.6 mmol/L  
(9 g/dL)  
 
 
Period: 5 days 
 

 

 NR 
 

In-hospital mortality 
(median 7 days): 
No difference 

(2.7% vs. 1.4%)   

 

No difference 
(2% vs. 1%) 
 
 

 

By lowering the Hb threshold 
did not adversely affect the 
patient outcomes. 
 
Quality of study: 8/10 

 

 Hébert 
 1999 
 Canada 

 RCT ° ^ * 
‘TRICC study’ 

 

838 critically ill patients 
admitted to intensive care unit  
Mean age: 58/57years 

 

Hb level 4.3 mmol/L 
(7 g/dL) 
Period: 11.3 days (±11.3) 
 

 

Hb level 6.2 mmol/L 
(10 g/dL) 
Period: 11 days(±10.7) 
 
 

 

 NR 
 

In-hospital mortality: 
Statistical significant 
difference  
(22.2% vs. 28.1%)  
30-day mortality:  
No difference  
(19% vs. 23%) 
60-day mortality: 
No difference  
(23% vs. 27%) 

 

Pneumonia: 
No difference 
(21% vs. 21%) 
 
 
 

 

A restrictive strategy is at least 
as effective as a liberal strategy 
with a possible exception of 
patients with acute myocardial 
infarction and unstable angina. 
 
Quality of study: 9/10 
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 Table 1, continued 2/6    

                Postoperative intervention       Outcomes 
  

             
 

 Study 
 

Patients and setting  Restrictive target     Liberal target  Physical ability      Mortality  Infection            Conclusion 

 

 Lotke  
 1999 
 Pennsylvania,      
 US 

 RCT ^ 

 

152 total knee arthroplasty 
patients in a department of 
orthopedic surgery.   
Mean age: 69 years  

 

Hb level 5.6 mmol/L  
(9 g/dL) of autologous 
blood 

 

Immediately 2 units of 
autologous blood after 
surgery  
 

 

NR 
 

 

30-day mortality:  
No difference  
(0% vs. 0%) 
 

 

NR 
 
 
 

 

Patient who received immediate 
transfusions had fewer 
nonsurgical complications. 
  
Quality of study: 7/10 

 

  Hebert 
 2001 
 Canada 
 RCT 

 

357 critically ill patients with 
cardiovascular diseases and 
a Hb less than 4.3 mmol/L (7 
g/dL) from the TRICC study.  
Mean age: 65 years  

 

Hb level 4.3 mmol/L  
(7 g/dL)   
Period: 9.2 days (±11.6) 

 

Hb level 6.2 mmol/L  
(10 g/dL)   
Period: 11.3 days (±9) 
 

 

NR 

 

30-day mortality: 
No difference 
(23% vs. 23%) 
60-day mortality 
No difference 
(26% vs. 27%) 

 

NR 
 

A restrictive RBC transfusion 
strategy appears to be safe in 
most critically ill patient with 
CVD with the possible exception 
of patients with acute myocardial 
infarcts and unstable angina.  
Quality of study: 9/10 

 

 Grover 
 UK 
 2006 

 RCT ° ^ 
 Multicenter 

 

218 patients undergoing 
elective hip and knee 
replacement surgery across 
seven hospitals. 
Mean age: 71 years 
 

 

Hb level 5 mmol/L 
(8 g/dL) 
Period: 5 days 

 

Hb level 6.2 mmol/L 
(10 g/dL) 
Period: 5 days  
 

 

NR 
 

14-day mortality: 
No difference 
(0.6% vs. 0.3%) 

 

NR 
 

The study did not achieve 
statistical power to conclude. No 
difference in incidence of silent 
myocardial ischemia. 
 
Quality of study: 4/10  
 

 

 Lacroix 
 2007 
 Canada 

 RCT ° ^ * 
‘TRIPICU study’ 
 

 

637 critically ill children in a 
pediatric intensive care unit.  
Mean age: 3 years 
 

 

Hb 4.3 mmol/L  
(7 g/dL) 
Period: 2.3 days  
(±1.8) 

 

 

Hb 5.9 mmol/L  
(9.5 g/dL)  

 Period: 2.3 days   
 (±1.7) 
 

 

NR 
 

 

28-day mortality:  
No difference 
(4% vs. 4%) 
 

 

Nosocomial 
infections: 
No difference 
(25% vs. 20%) 

 

A restrictive threshold can 
decrease RBC transfusion 
requirements without increasing 
adverse outcomes. 
 
Quality of study: 9/10 

 

 Foss 
 2009 
 Denmark  

 RCT ° ^ 

 

120 hip fracture patients with 
independent prefracture 
walking function and intact 
cognitive status hospitalized 
in a hip fracture unit. 
Mean age: 81 years 

 

Hb level 5 mmol/L 
(8 g/dL) or if an acute 
cardiac condition 
indicated a liberal 
strategy 
Period: 17 days (±12.9)  
 

 

Hb level 6.2 mmol/L  
(10 g/dL) 
 
 
 
Period: 18.4 days (±14)  
 

 

The first three 
postoperative 
days no 
difference in 
CAS was found  
 

 

30-day mortality:  
Statistical significant 
difference 
(8% vs. 0%) 
 
 
 

 

In-hospital 
pneumonia: 
No difference 
 (2% vs. 3%) 
Sepsis: 
(2% vs. 2%) 
Wound infection: 
(0% vs. 5%) 

 

A liberal transfusion trigger did 
not result in increased 
ambulation scores. A restrictive  
threshold should be treated with 
caution in the elderly. 
 
Quality of study: 8/10 
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 Table 1, continued 3/6 
      

  
 

               Postoperative intervention 
                     

 

 

                                       Outcomes                   

 

 Study 
 

Patients and setting Restrictive target Liberal target Physical ability    Mortality  Infection        Conclusion 

 

 So-Osman 
 2010 
 Netherlands 

 RCT ° 

 

603 patients admitted to 
three different orthopedic 
wards for elective hip- and 
knee replacement surgery. 
Mean age: 70 years 
 
 
 
 
Subgroup: 
High risk group (n=416), 
age 70+ years and high 
comorbidity. 
 

 

< 4 h of surgery: 
If Hb < 5.6 mmol/L 
(8.9 g⁄dL) =1 RBC unit 
If Hb < 5.1 mmol/L 
(8.1 g/dL)=2 RBC 
units 
If Hb < 4.5 mmol/L 
(7.2 g/dL)=3 RBC units 
 
After 4 h of surgery 
If Hb < 6.1 mmol/L 
(9.7 g⁄dL) =1 RBC unit 
If Hb < 5.6 mmol/L 
(8.9 g/dL)=2 RBC units 
If Hb < 5.1 mmol/L 
(8.1 g/dL)=3 RBC units 
Period: 9.6 days (±5) 

 

Hb level 6.0 mmol/L 
(9.7g/dL) 
 
 
 
 
 
 
 
Hb level 6.5 mmol/L 
(10.5 g/dL)  
 
 
 
 
 
Period: 10.2 days (±7) 

 

 NR 
 

14-day mortality 
No difference 
(0.6% vs. 0.3%) 
 

 

No difference 
(6% vs. 10.1%) 

 

Implementation of a uniform 
transfusion protocol for 
elective lower joint arthroplasty 
patients is feasible, but does 
not always lead to a RBC 
reduction. 
 
Quality of study: 5/10 

 

 Hajjar 
 2010 
 Brazil 

 RCT ° 

‘TRACS study’ 

 

512 adults who underwent 
cardiopulmonary bypass 
surgery in an intensive 
care unit. 
Mean age: 59 years 
 

 

Hematocrit 24% 
Hb 5.7 mmol/L  
(9.2 g/dL)  
Period: 12 days 
(IQR 9-21) 

 

Hematocrit  30% 
Hb 6.6 mmol/L  
(10.6 g/dL) 
Period: 12 days  
(IQR 9-20) 
 

 

 NR 
 

30-day mortality: 
No difference 
(6% vs. 5%) 
 

 

Infectious 
complications: 
No difference 
(12% vs. 10%) 

 

The use of a restrictive 
strategy compared to a liberal 
resulted in non-inferior rates of 
outcomes. 
 
Quality of study: 8/10 
 

 

 Cooper 
 2011 

 RCT °  

 Pilot study 

 

45 anemic patients with 
acute myocardial infarct.  
Mean age: 76/70 years 

 

Hematocrit 24% 
Hb 5 mmol/L 
(8 mmol/L) 
Period: 10.4 days (±7.2) 
 

 

Hematocrit  30% 
Hb 6.6 mmol/L  
(10.6 g/dL) 
Period: 8.5 days (±5.6) 
 
 

 

 NR 
 

In-hospital mortality: 
No difference  
(8% vs. 5%) 
30-day mortality: 
No difference 
(8% vs. 5%) 

 

NR 

 

A liberal strategy may be 
associated with worse clinical 
outcome when death is 
combined with recurrent AMI 
or new or worsening heart 
failure. 
Quality of study: 5/10 
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Table 1, continued 4/6       

 

 

                                                                    Postoperative intervention 

 

     Outcomes  
        

         
 

 Study 
 

Patients and setting Restrictive target Liberal target Physical ability    Mortality  Infection        Conclusion 

 

 Carson 
 2011 
 USA / Canada 

 RCT ° 

 Multicenter 
 FOCUS study 
 

 

2016 hip fracture patients 
with high-risk factors for 
cardiovascular disease 
and able to walk 
independently before 
fracture occurred.  
Mean age: 82 years 

 

Hb level 5 mmol/l  
(8 g/dL) or symptoms  
of anemia 
Period: 
USA: 4 days (±3.9) 
Canada: 13 days (±9.5) 

 

Hb level 6.2 mmol/L  
(10 g/dL) 
 
Period: 
USA: 4 days (±3.4) 
Canada: 12 days (±9.3) 
 
 

 

Inability to walk 
independently: 
No difference 
(43.8% vs. 40.9%) 

 

30-day mortality: 
No difference 
(4.3% vs. 5.2%) 
60-day mortality: 
No difference 
(6.6% vs. 7.6%)  

 

Wound infection: 
No difference 
(0.8% vs. 1.4%) 
 
 
 

 

Inability to walk 
independently and 
mortality was not reduced 
by a restrictive transfusion 
strategy. 
 
Quality of study: 9/10 

 

 Carson  
 2012 
 New Jersey,   
 USA 
 Meta-analysis 

 

19 trial involving 6264 
critically ill, trauma- and 
surgery patients. 
 

 

Hb levels range  
between 4.3 - 5.6 
mmol/L 
(7-9 g/dL) 
 

 

Hb levels range  
between 5.6 - 6.2 
mmol/L 
(9-10 g/dL) 
 

 

Lower extremity 
physical  ADL at 30 
days (1 trial): 
No difference 
 
Lower extremity 
physical  ADL at 60 
days (1 trial): 
No difference 

 

In-hospital mortality: 
(5 trials) 
Statistical significant 
difference  
(6.5% vs. 8.6%) 
30-day mortality:  
(11 trials) 
No difference 
60-day mortality:  
(3 trials) 
No difference 
 

 

Pneumonia:  
(5 trials)  
No difference 
(8% vs. 8.7%) 
Infections: (6 trials) 
No difference 
(8.4% vs. 10.3%) 
 
 

 

Restrictive transfusion 
strategies did not appear 
to impact the rate of 
adverse events compared 
to liberal transfusion 
strategies and did not 
reduce functional 
recovery. 
 
Quality of study: 9/10 

 

 Shehata 
 2012 
 Canada 

 RCT ° 

 Pilot study 
 

 

50 high-risk cardiac 
surgery patients. 
Mean age: 67/69 years 

 

Hb level 4.7 mmol/L 
(7.5 g/dL) 
Period: 9 days  

 

Hb level 6.2 mmol/L  
(10 g/dL) 
Period: 7 days 

 

NR 
 

In-hospital mortality: 
No difference 
(16% vs.4%) 

 

Pneumonia:  
No difference 
(16% vs. 0%) 
Sepsis:  
No difference 
(12% vs. 0%) 

 

Low adherence. 
The Hb measures in the 
two groups were 
statistically significant 
different.  
Few participants. 
Quality of study: 7/10 

 

 Villanueva  
 2013 
 Spain 

 RCT ° * 

 

 

921 acute upper 
gastrointestinal bleeding 
patients admitted to 
hospital aged 18+ years  
Mean age: 65 years 

 

Hb level 4.3 mmol/L 
(7 g/dL) +  
1 unit of RBC was 
transfused initially. 
Period: NR 

 

Hb level 5.6 mmol/L  
(9 g/dL) + 
1 unit of RBC was 
transfused initially. 
Period: NR 

 

NR 
 

 

45-day mortality: 
Statistical significant 
difference 
(5% vs. 9%) 
 
 

 

Bacterial infections: 
No difference 
(27% vs. 30%) 
Pneumonia: 
No difference 
(10% vs. 11%) 

 

A restrictive strategy 
significantly improved 
outcomes. Further 
bleeding was reduced. 
 
Quality of study: 8/10 
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Postoperative intervention 
 

           Outcomes  

 

 

 Study 
 

Patients and setting Restrictive target Liberal target  Physical ability Mortality   Infection     Conclusion 

 

  Carson 
 2013 
 USA 

 RCT ° 

 Pilot-study 
 

 

110 patients with acute 
coronary syndrome or 
stable angina undergoing 
cardiac catheterization in 
eight US hospitals. 
Mean age: 70.8 years 

 

Symptoms related to 
anemia or  
Hb level 5 mmol/L 
(8 g/dL) 
Period: NR 

 

1 unit of RBCs was 
transfused initially. 
Hb level 6.2 mmol/L 
(10 g/dL) 
Period: NR 
 

 

NR 
 

30-day mortality: 
Statistical significant 
difference 
(13% vs. 1.8%)  
 

 

NR 
 

 

Patient transfused using 
restrictive strategy had 
more than 2 times the rate 
of death, myocardial 
infarction or 
revascularization. 
Quality of study: 7/10 

 

 Parker 
 2013 
 UK 
 RCT 
 

 

200 hip fracture patients 
aged 60+ years with no 
cognitive impairments and 
Hb level between 5 mmol/L 
(8 g/dL) and 5.9 mmol/L 
(9.5 g/dL) the first two days 
after surgery. 
Mean age: 84 years 
 
 
 

 

Transfusion if symptoms 
of anemia were found: 
vaso-vagal episodes on 
mobilization, chest 
pain of cardiac origin, 
congestive cardiac failure, 
unexplained tachycardia, 
hypotension, or 
dyspnoea. 
 

 

Median 2 units of 
RBCs to raise Hb to a 
level of 6.2 mmol/L 
(10.0 g dl/L) or 
above. 

 

No difference  in 
mean change 
measured by New 
Mobility Score 
within 8 weeks from 
discharge  

 

30-day mortality: 
No difference  
(5% vs. 3%) 
90-day mortality: 
No difference  
(11% vs. 10%) 

 

NR 
 

 

No difference in outcome 
related to transfusion. 
 
Quality of study: 5/10 
 

 

  Salpeter 
 2014 
 New-York,USA 
 Meta-analysis 
 

 

3 trials of 2364 patients 
with critical illness or 
bleeding  
Mean age: 46 years 

 

Hb level 4.3 mmol/L 
(7 g/dL) 
 
Period: during 
hospitalization 

 

Hb level between 5.9 
and 6.2 mmol/L  
(9-10 g/dL)  
Period: during 
hospitalization  
 

 

NR 
 

30-day mortality:  
Statistical significant 
difference 
(11% vs. 14%)  

 

Bacterial infections: 
No difference 
(26% vs. 26%) 

 

In patients with critically 
illness or bleeding, a 
restrictive strategy 
reduces cardiac events, 
re-bleeding and mortality 
Quality of study: 5/10 
 

 

  Rohde 
 2014 
 Michigan, USA 
 Meta-analysis 
 

 

18 trials of 7593 patients 
Cardiac, critical care, 
gastrointestinal bleeding, 
low birth weight, 
orthopedic, postpartum, 
sepsis, and sickle cell 
patients. 

 

Hb level between 4 - 6 
mmol/L  
(6.4 - 9.7 g/dL) 

 

Hb level between 5.6 -
7 mmol/L  
(9 - 11.3 g/dL) 

 

NR 
 

NR 
 

All counted infections: 
No difference  
(RR 0.92 (0.81-1.03)) 
Serious infections: 
Statistical significant 
difference 
(RR 0.84 (0.73-0.96))  

 

Health care-associated 
infections were not 
associated with 
transfusion strategies, but 
the serious infections 
were. 
Quality of study: 8/10 
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                Postoperative intervention                Outcomes 

 

 

 

 Study 
 

Patients and setting Restrictive target Liberal target  Physical ability Mortality   Infection        Conclusion 

 

 Holst 
 2014 
 Scandinavia 
 Multicenter 
 RCT 

 

998 patients with septic 
shock in hospitals in 
Denmark, Sweden, 
Norway, and Finland. 
Median age: 67 years 

 

Hb level 4.3 mmol/L 
(7 g/dL)  
Period: 28 days 
 

 

Hb level 5.6 mmol/L 
(9 g/dL) 
Period: 28 days 
 

 

NR 
  

90-day mortality: 
No difference  
(43% vs. 45%) 

 

NR 
 

Similar mortality. No harm 
with an excess transfusion 
of a median of 3 units of 
blood. 
Quality of study: 9/10 
 

 

 Pinheiro de    
 Almeida 
 2015 
 Brazil 
 RCT 
 

 

198 oncology patients, 
who had a major surgical 
procedure for abdominal 
cancer. 
Mean age: 64 years 

 

Hb level 4.3 mmol/L 
(7 g/dL)  
Period: median 13 days 
 

 

Hb level 5.6 mmol/L 
(9 g/dL) 
Period: median 14 days 
 

 

NR 
 

30-day mortality:  
Statistical significant 
difference 
(15.7% vs. 8.2%) 
60-day mortality: 
Statistical significant 
difference 
(23.8% vs. 11.3%) 
 
 

 

Abdomen infection 
Statistical significant 
difference 
(14.9% vs. 5.2%) 
Pneumonia: 
No difference 
(7.2% vs. 7.9%) 
UTI:  
No difference 
(3.0% vs. 3.1%) 
Wound infection: 
No difference 
(3.0% vs. 4.1%) 
 

 

A liberal transfusion 
strategy provides better 
outcomes than the 
restrictive.  
The restrictive strategy 
may not be as safe as 
previously perceived. 
  
Quality of study: 9/10 

° RCTs included in the meta-analysis of Rohde et al. 143 
^ RCTs included in the meta-analysis of Carson et al. 10 
* RCT included in the meta-analysis of Salpeter et al. 152 
   NR = not reported 

 

 

 

 

- 22 - 
 



 

                                                                                                                                                                  

Frail elderly 

In the literature, there is no single best definition of frailty in the elderly. As a MeSH term in 

Medline, frailty is defined as “older adults or aged individuals who are lacking in general 

strength and are unusually susceptible to disease or to other infirmity”. The most commonly 

identified constructs of frailty are: decreased mobility, physical inactivity, aging, nutritional 

deficits, cognitive impairment, residential factors [148], and indoor falling [153].  

As the aging population increases, it has becoming increasingly important to identify, which of 

the elderly are considered as frail. A clinical tool to assess frailty as a biologic syndrome can be 

used to differentiate between frailty, disability and co-morbidity [148]. In daily life among 

health care professionals, the nursing home residents and the sheltered housing residents are 

regarded as the frailest elderly. In Denmark, approximately 25% of the >65-year-old hip 

fracture patients are nursing home residents and 16% are sheltered housing residents [3]. 

Although sheltered housing residents are considered not as cognitive impaired as the nursing 

home residents and more independent in ADL, they also have medical or social needs to 

contend with. Both nursing homes and sheltered housing facilities provide 24-hour emergency 

help through alarm systems, with the care staff nearby. 

In Denmark, two-thirds of the nursing home residents are cognitively impaired, half 

are dependent on personal ADL assistance, and 16% is undernourished (BMI <18.5) [154]. 

Pre-fracture status in hospitalized nursing home residents with hip fracture indicates that 21% 

have chronic anemia and 26% coronary arterial disease [35]. Nursing home residents have a 

greater risk of death following hip fracture than do home dwellers [63,155]. In Australia, the 

30-day mortality rate following hip fracture in nursing home residents is 12%, and the 90-day 

mortality rate is 23%, rates that are very similar to the Danish mortality rates and that are 

nearly twice that of non-residents [155,156]. Approximately half of the residents with a hip 

fracture die within 12 months [59]. Infection and dementia in women and cardiac related 

diseases in men are the most common causes of death in nursing home residents [35].  

       Many studies agree that more attention to patients from nursing homes is needed in the 

health care system due to the frailty problem.   

Systematic literature searches 

The systematic literature search was performed according to the PICO-framework [157].  

Limits: 2003-2014, Humans, Clinical Trials, Controlled Clinical Trials, Meta-analysis, 

Multicenter Study, Randomized Controlled Trial, Review, Systematic Review, Aged: 65+ 

years, Abstract [text] (Appendix 1, Table 1). 
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Research question 

 

The standard recommendation of the RBC transfusion trigger has for many years been a liberal 

strategy with Hb level of 6.2 mmol/L (10 g/dL) or more. This trigger has been lowered within 

the last decade to Hb levels of 4.3-5.6 mmol/L (7-9 g/dL) because studies showed that a 

restricted strategy did not change the clinical outcome or even improved the outcome 

compared to the liberal transfusion strategy. In Denmark, the current recommendation for RBC 

transfusion treatment in acute anemic patients is based on this evidence regarding restricted use 

of blood components. Until 2014, a RBC transfusion was recommended when the Hb threshold 

was 6 mmol/L (9.7 g/dL) or there were symptoms of anemia, and in younger healthy patients 

with normal heart and lung function, the RBC transfusion could be postponed until the Hb 

concentration reached 4.5 mmol/L (7.2 g/dL) [158]. 

 

However, in the existing literature, research achievement concludes a high risk of fatal 

consequences in the elderly after hip fracture surgery. Furthermore, the combination of 

anemia and hip fracture is even more unfavorable. The most frail and vulnerable patients are 

the nursing home residents. Our previous observational study indicates that a liberal 

transfusion strategy might be favorable in nursing home residents combined with 

comprehensive geriatric assessment and other interventions after hip fracture repair. In a 

systematic literature search we found no experimental studies on RBC transfusion strategies 

in this frail population, but it should be noted that the frail elderly were part of a population 

that differed with regard to age, physical abilities and diseases, or the frail elderly were 

totally excluded from the studies.  

 

Thus, it is necessary in an experimental design to examine whether the liberal RBC 

transfusion strategy in this frail population provides better patient outcomes than the 

restrictive strategy. 
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Aims 

 

To examine whether a liberal strategy in Denmark for postoperative RBC transfusions in frail 

elderly with hip fracture from nursing homes and sheltered housing facilities 

 

1. improves recovery from physical disabilities, 

2. reduces short-term mortality, 

3. is associated with treatment-requiring infections, and 

4. enhances overall quality of life  

 

as compared to the restrictive strategy recommended in Denmark.  

 

Hypotheses 

 

A liberal RBC transfusion strategy with a hemoglobin threshold of 7 mmol/L (11.3 g/dL) 

within the first 30 postoperative days after hip fracture surgery in patients admitted from 

nursing homes and sheltered housing facilities 

 

1. improves ADL performance, ambulation, and mobility 10 days after hip fracture 

surgery, improves repeated Modified Barthel Index sum-scores measured 

preoperatively and three times during 90 postoperative days,  

 

2. reduces the incidence of death measured at 30-day and 90-day follow-up,  

 

3. increases the risk of treatment-requiring infections within 10 postoperative days,  

                     

4. increases the concentrations of leukocytes and C-reactive protein, measured in five 

repeated blood tests during 30 postoperative days, enhances OQoL sum-scores 30 days 

and 365 days after surgery, and OQoL progress is associated with ADL recovery 

 

as compared to a restrictive strategy of 6 mmol/L (9.7 g/dL). 
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Methodologies 

 

Randomized controlled trial 

Design, participants and settings 

Our study was named the TRIFE study (Transfusion Requirement In Frail Elderly). It was 

designed as a prospective, assessor blinded, randomized controlled trial. Eligible patients from 

the orthopedic surgical ward at Aarhus University Hospital were enrolled consecutively 

between January 18, 2010 and June 6, 2013. They comprised patients aged 65+ years admitted 

from nursing homes and sheltered housing facilities for unilateral hip fracture surgery, with 

postoperative Hb levels between 6 and 7 mmol/L (9.7–11.3 g/dL) during the first 6 

postoperative days. If the Hb value was below 9.7 g/dL on the first day after surgery the patient 

was transfused according to the recommendations of the Danish Health and Medicine 

Authority for elderly hip fracture patients [5].  Patients’ home-addresses declared their 

eligibility, which provided an unambiguous tool to recruit and allocate them to the two 

transfusion groups on admission to hospital. Hip fractures were categorized as three subtypes 

(International Code of Disease 10; ICD10) according to fracture line location: (i) femoral neck 

(ICD-10 S72.0); (ii) intertrochanteric (ICD-10 S72.1); and (iii) subtrochanteric (ICD-10 

S72.2). Exclusion criteria were: active cancer, pathological hip fracture, inability to understand 

or speak Danish without an interpreter, RBC transfusion refusal (e.g., Jehovah’s Witnesses), 

fluid overload, irregular erythrocyte antibodies, or previous participation in the trial.  

 

Enrolments 

Every day of the week the list of patients admitted to the orthopedic ward was scrutinized by 

the project manager to secure that all consecutively admitted patients were assessed for 

eligibility. All the patients with nursing home and sheltered housing addresses were recorded. 

The patient chart was reviewed to ensure the absence of active cancer, pathologic hip fracture, 

and immunization problems.  

 

Ethical efforts 

The trial was conducted in accordance with the ethical principles laid down in the 

Declaration of Helsinki. The Danish Data Protection Agency and The Ethical Committee of 

Central Denmark Region approved the protocol. Cognitive ability was measured by MMSE 

and CAM or assessed by two independent health care professionals, in all the eligible 

patients before participation was requested. Cognitively unimpaired was defined as patients 
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with a MMSE score >19 and no state of delirium, and written informed consent was 

obtained. Consent for cognitive impaired patients was given by a next of kin plus the relevant 

general practitioner (GP). If the GP was not available, the Ethical Committee of Central 

Denmark Region required that the Health Inspector in the Region was contacted to decide 

whether the patient could participate and to sign a surrogate consent. Half-yearly, an interim-

analysis on the fatal outcomes was evaluated by an independent safety monitoring board. The 

study was registered at ClinicalTrials.gov, Identifier NCT01102010. 

  

Randomization and blinding 

After giving informed consent, patients were randomly assigned to either the restrictive RBC 

transfusion strategy (Hb <9.7 g/dL; 6 mmol/L) according to the national guidelines, or the 

liberal strategy (Hb <11.3 g/dL; 7 mmol/L) according to results of a previous observational 

study on tailored interventions that used the same liberal Hb criterion [4]. Randomization was 

provided by an allocation concealment process and conducted electronically in the web-based 

clinical-trial-support-system ‘TrialPartner’ developed by Public Health and Quality 

Improvement, Central Denmark Region. This central computer program using permuted block-

sizes stratified the randomization according to gender and type of residence and allocated each 

participant to one of the transfusion strategies. The project manager entered the patient’s civil 

registration number into the computer program, and passed on the randomisation result to the 

electronic patient record which was available to the hospital staff in the orthopedic and 

geriatric wards because they would be administering the transfusions during the intervention 

period. The participants, their relatives and the endpoint assessors were blinded to the result of 

randomization. Information on the patients’ Hb measures was only available for the hospital 

staff.  

 

RBC transfusion procedure 

The standard venous Hb analysis was by cyanmethemoglobin assay (inter-laboratory error 0.2 

g/dL) performed immediately upon admission and postoperatively [159]. Hb concentrations 

were measured daily during the first 3 postoperative days, then at least once during the 

following 4-6 days, and at least once per week during the subsequent 3 weeks. Erythrocyte 

volume fraction (EVF) was also measured at admission; however the Hb level decreases faster 

than the EVF and therefore the EVF is a more sensitive test to detect acute anemia [159]. RBC 

transfusions were performed when necessary according to group assignments and no later than 

24 hours after the relevant Hb determination, and a further Hb measurement preceded each 

subsequent transfusion until the Hb target was reached. In acute situations, and between 
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transfusions, venous Hb levels were measured with a portable HemoCue photometer 

(HemoCue, Inc, Mission Viejo, CA, USA). No more than two units per day were administered. 

Adherence to the transfusion protocol was required for 30 days. 

 

 

 

        

 

The transfusions were administered during hospitalization, in the nursing homes and in the 

sheltered housing facilities. A consultant geriatrician on the orthopedic ward prescribed the 

assigned RBC transfusion. After discharge the same geriatrician, who was member of the of 

the multidisciplinary orthogeriatric team that monitored patients after discharge from hospital, 

was still responsible for further prescription of RBC transfusions in the patients’ residence as a 

standard procedure. During hospitalization, the hospital staff was responsible for 

administration of the RBC transfusions. After discharge, a physician or a nurse from the 

hospital’s orthogeriatric team accomplished the transfusions in the patient’s residence. Before 

each RBC transfusion it was mandatory to supply full information concerning available blood 

typing, irregular erythrocyte antibodies, and cross matching.  

The designated blood unit was then transferred from the blood bank to the hospital 

ward, or the patient’s residence, and stored in an authorized cool-box until use. Observations 

on body temperature, blood pressure, and pulse rate were registered. Two health care 

professionals secured the procedure by patient identification, tapping number, blood typing, 

and expiry date. In patients with cognitive impairment, the patient identification before the 

transfusion was verified by the staff in the residential homes or by the patient’s relatives. The 

duration of the transfusion was approximately 1 hour. If the transfusion was provided at home, 

a nurse monitored the patient during the transfusion and at least 20 minutes after completion. 

After transfusion body temperature was re-measured and potential complications were 

In Denmark, one packed RBC unit comprises approximately 300 

ml including 100 ml SAG-M (sodium chloride, adenine, glucose, 

and mannitol) and < 20 ml plasma and without functional 

thrombocytes or coagulation factors. In the suspension, the 

erythrocyte concentration is between 2.7 mmol/L and 4.8 

mmol/L per unit. Leukocytes are reduced to < 1200 x 106. 

The suspension is collected from one donor. The red cells are 

separated from whole blood and stored in a citrate-phosphate-

dextrose-adenine anticoagulant solution. The suspension is 

stored up to 5 weeks [160]. All patients received preoperative 

either 2000 mg intravenous dicloxacillin (a narrow-spectrum 

antibiotic of the penicillin class) or cefuroxime for patients 

Figure 2 The HemoCue  

- a portable photometer.  
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registered. The empty blood bag was stored in the ward 24 hours before it was discarded. If the 

RBC transfusion caused complication, the blood bag was returned to the blood bank [160].  

 

Measurements 

Cognitive status was assessed by:  

� Mini-Mental State Examination (MMSE) ranging from 0-30 points. The sum score was 

categorized: normal cognitive ability=30-25, mild cognitive impairment=24-20, 

moderate impairment=19-11, severe impairment=10-5, and very severe cognitive 

impairment=< 5 [161] 

� Confusion Assessment Method (CAM) (yes/no) assessing state of delirium [162]  

Postoperative pain was assessed by: 

� Verbal Rating Scale (VRS) comprising a list of adjectives used to denote increasing 

pain intensities: no pain=0, mild pain=1, moderate pain=2, severe pain=3, unbearable 

pain=4 [163] 

Comorbidity was computed by: 

� Charlson Comorbidity Index (CCI) evaluating the burden of comorbidity conditions 

[164]. With each increased level of the CCI, the cumulative mortality is attributable to 

comorbid diseases and increases in a stepwise fashion. CCI is found capable to predict 

30-day mortality in elderly hip fracture patients [165] (low=0, moderate=1-2, high >2)  

o Cardiovascular diseases (CVD) were present if one of the first three options in 

the CCI is positive 

Physical performance was assessed by:  

� Modified Barthel Index (MBI) measuring the basic self-care ADL ranging from 0 to 

100 points and assessing 10 domains: eating, transferring, personal care, toiletry, 

bathing, walking, managing stairs, dressing, bowel control, and bladder control 

(independent or moderate dependent=100-50, substantially dependent=49-25, 

completely dependent=24-0) [166] 

o Information on transferring from bed to chair independently (yes/no) was used 

separately.  

� Cumulated Ambulation Score (CAS) measuring getting in and out of bed, sit-to-stand 

from a chair, and walking with or without an appropriate walking aid with a score 

ranging score from 0 to 6. Each activity was assessed on a 3-point scale from 0-2: not 

able to despite human assistance and verbal cueing=0, able to with human assistance 

and/or verbal cueing form one or more persons=1, able to safely, without human 

assistance or verbal cueing, use of a walking aid allowed=2 [167,168] 
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� New Mobility Score (NMS) assessing indoor walking ability, outdoor ability and 

ability to go shopping. Each activity is assessed on a 4-point scale from 0-3: not at 

all=0, with help from another person=1, with an aid=2, no difficulty=3 [169,170] 

o Information on indoor walking ability was used separately  

Mortality: 

� Date of death were obtained from the Civil Registration System in Denmark 

� Causes of death were obtained from the Causes of Deaths Register, the Danish Ministry 

of Health.  

Infection: 

Defined as: “An infection occurring in a patient in a hospital or other health care facility in 

whom the infection was not present or incubating at the time of admission, and includes 

infections acquired in the hospital but appearing after discharge” [171]. The participants were 

screened daily by the health care professionals for any symptom suggesting infection.  

� The number of infections within 10 days and 30 days after surgery were counted and 

divided into three categories: (i) pneumonia, (ii) urinary tract infection (UTI), (iii), and 

(iii) other infections including surgical wound infection, erysipelas, sepsis, 

pyelonephritis, and infections without focus. 

� UTI was verified by microscopy, and pneumonia by stethoscopy and clinical 

assessment, and surgical wound infection were verified only by clinical assessment. 

When an infection was assessed by a physician, antibiotic treatment was initiated and 

the incidence of infection was noted in the electronic patient record. 

� Infection biomarkers measured in blood samples and registered along with the Hb 

measurements on days 3, 10, 17, 24 and 30, or until death:  

o Leukocytes: white blood cells of the immune system that are involved in 

defending the body against infectious disease (normal count is between 3.5 to 

10.0 x 109/L 

o C-Reactive Protein (CRP): An acute-phase protein in the blood plasma which 

rises in response to inflammation (normal < 8 mg/L)  

Overall Quality of Life (OQoL) was assesses by: 

� Depression List (DL), an interview-based questionnaire which is validated in nursing 

home residents. It can be completed by all residents with a MMSE-score as low as 5. 

The DL consists of 15 questions covering emotional well-being, social relationship, 

life-satisfaction, comfort, functional competence and autonomy. Along with each short 

and simple question, the keyword is presented on a card. For instance, the first item 
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‘Are you satisfied’ is accompanied by a card saying ‘satisfied’. The DL ranges from 0 

point (=best OQoL) to 30 points (=worse) [80,172 (Appendix 1)]. 

After recruitment of all participants, frailty was evaluated: 

Comprehensive Geriatric Assessment (CGA) Frailty Index. Participants were considered frail 

when fulfilling one or more of the following criteria: (i) dependency in ADL, (ii) severe 

comorbidity, (iii) cognitive dysfunction, (iv) malnutrition, (v) more than seven daily prescribed 

medications, or (vi) depression (Table 2) [150]. 

 

Table 2 Comprehensive Geriatric Assessment Frailty Index  
 

Assessment 

 

Frailty classification 

 

ADL 
    Modified Barthel Index (MBI) (range 0-100) 

 
 

Prefracture dependency in ADL: MBI < 50 
 
Comorbidity 
    Charlson Comorbidity Index (range 0-30) 

 
 
Severe comorbidity: CCI > 2 

 
Cognitive function 
    Mini Mental State Examination (MMSE) (range 0-30) 

 
 
Cognitive dysfunction: MMSE < 20  

 
Nutrition 
    Se-albumin (g/l) and Body Mass Index (BMI)  

 
 
Malnutrition: Albumin < 34 g/l and BMI < 18.5 

 
Medication 
    Number of daily prescribed medicines 
 
Depression 
    Geriatric Depression Scale* (GDS) 

 
 
Multimedication > 7  
 
 
GDS-score > 13  
 

*Geriatric Depression Scale (range 0-30) was not included in the TRIFE frailty classification due to the acute 
situation. The depression assessment would be influenced by pain, the unsafe and unknown surroundings for the 
elderly patient. 

 

Data collection and management        

The project manager enrolled the participants and obtained the informed consents. The 

project manager also collected data on baseline characteristics, repeated blood measurements 

and infections from the patient chart and date of deaths. Data were collected in paper-form 

during the study period. Data were feed into the computer-program EpiData twice and errors 

in the dataset were corrected.  

 Two assessors were employed to assess the participants. On enrolment of each new 

participant, the assessor was advised and planned three visits during the 90 postoperative day 

period and a visit after 1 year (Figure 3). There was one assessor for each patient follow-up, 

and both assessors were blinded to the randomization assignment. The assessor collected 

information on pre-fracture abilities as they were experienced of the patient 14 days before the 

fracture. If the patients were unable to remember their own abilities, the caregivers or the 

relatives supplied this information.  
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Figure 3 PaT-plot of graphical depiction of intervention and measurements (above),  
with legend (below): Squares represent the orthogeriatric treatment and care, where  
the dark gray represents the blinded outcome assessor. Circles represent activities  
of the project manager. The 30-day postoperative intervention period in the geriatric  
ward or in the residence by the orthogeriatric team is shown in light gray.  
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Daily identification of patients from nursing homes and sheltered housing admitted to 
orthopedic ward. Assessment of cognitive impairment and confusion.   

 
 
 

 
Completion of informed consent or deputy informed consent 

 
 

Preoperatively, all patients received 2000 mg intravenous dicloxacillin, a narrow-
spectrum antibiotic of the penicillin class or cefuroxime in case of allergy to penicillin, 
and thromboprophylaxis.. 

 
 

 
Surgery  

 

 
 

Computerized randomization and information of intervention handed over to hospital 
staff 
 

 Measurement of Hb level after surgery day: 1, 2, 3, and once between days 4 to 6 
followed by the transfusion strategy 
 

 
 

 
Measurement of Hb level followed by the transfusion strategy by the geriatric staff 
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ability, pain assessment, and overall quality of life)  
 

 
 
 

Collection of outcomes by research coordinator of death, blood measures, and 
number of infections 
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Standard orthogeriatric care 

The TRIFE study was incorporated in the orthopedic and geriatric teamwork 

(orthogeriatrics). Worldwide and during the last 20 years, several innovative orthogeriatric 

care models have been designed. According to the setting, care models are divided into: (i) 

acute in-patient orthogeriatric care, (ii) subacute rehabilitation, (iii) community-based 

rehabilitation, and (iv) early discharge hospital at home. The multidisciplinary approach with 

co-leadership has been shown to produce better outcomes for elderly hip fracture patients 

than traditional care, and a tailored intervention, leads to improved processes and outcomes 

for the hip fracture patients [4,64,173-177]. 

In the orthogeriatric team, the orthopedic surgeon is responsible for fracture 

management and surgery decisions, while the geriatrician is responsible for medical treatment 

and care based on Comprehensive Geriatric Assessment (CGA) [178]. CGA consists of 

several evaluation tools to explore the elderly patients’ clinical, functional, cognitive, 

nutritional, and social domains and thereby obtaining a global picture to optimize the 

patient’s long-term treatment, and to plan the resources required and the use of services 

[179]. CGA is widely used to detect disabilities and evaluate geriatric conditions that can be 

associated with frailty. Due to the varied type of geriatric approaches, it is difficult to draw 

firm conclusions about effectiveness. In some of the orthogeriatric models, there are effects 

concerning better functional recovery, shorter length of hospital stay, fewer complications, 

and reduced mortality [88,174], whereas other studies indicate improved efficiency, 

especially regarding delirium, recurrent falls and fractures, use of institutional care, and 

patient satisfaction [180,181]. Acutely ill, frail elderly patients have the best chance of 

survival if the patients undergo CGA [178]. 

In the preoperative phase, the multidimensional assessment is focused on performing 

the necessary surgery as quickly as possible and with the lowest possible risk [182]. The 

severity of coexisting chronic diseases is assessed by CGA to identify which of the 

comorbidities take the highest priority for treatment. CGA investigates the presence and 

intensity of pain to avoid insufficient treatment, assess the risk of delirium, and explores 

nutritional status. Early mobilization is established to reduce complications and physical 

disabilities [183].  

Further assessments in the early post-operative phase are management of cognitive 

and behavioral issues to prevent the onset of delirium [53,184]. Maintaining an adequate 

nutritional status is another important aspect in the malnutritioned elderly patient [185]. 

Postoperative fluid therapy is standardized and intravenous or subcutaneous fluids are 
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administered if daily oral intake is insufficient. Oral iron treatment is also a standard and is 

prescribed after surgery if the patient has not already received treatment.  

 
 

Planning early supported discharge and home-based rehabilitation service begins as close to 

the patient’s hospital admission as possible and with involvement of the patient’s family and 

caregivers from the nursing home and sheltered housing facilities [186]. The standard 

rehabilitation program is focused on ongoing medication evaluation to optimize or eliminate 

any unnecessary or harmful medication, hypotension treatment, pain management, and 

secondary prevention of fragility fractures, which includes reducing the risk of fall and 

improving bone quality [149,187]. Physical therapy, including balance, strength and 

endurance training, is performed [183]. The intervention is mostly based on recommendations 

of the National Board of Health, Accelerated Recovery Program after Hip Fracture [188], and 

the geriatric knowledge in bridge-building between hospital and municipality. 

The day after surgery and according to residence status, residents from sheltered 

housing facilities are transferred from the orthopedic ward to the geriatric ward for 

approximately 1 week of physical training. Nursing home residents are generally discharged 

back to the nursing home due to the need of well-known surroundings because more than half 

of the residents are demented and at high risk of delirium [181,189]. After hospitalization, 

both residential groups are visited by the multidisciplinary orthogeriatric team the day after 

discharge and within 30 days after surgery [4]. The visits are based on the concept of “Early 

discharge hospital at home”, which is “a service that provides active treatment by health care 

professionals for a condition that otherwise would require acute hospital in-patient care” 

Orthogeriatric comprehensive assessments and 

interventions in elderly hip fracture patients: 

 

� Early surgery 

� Fall diagnosing 

� Osteoporosis management 

� Pain management 

� Early mobilisation 

� Nutritional supplementation 

� Fluid therapy 

� Antibiotic treatment 

� Red blood cell transfusion 

� Medical assessment 

� Early discharge planning 

� Training 

� Home-safety 

� Cross-sectorial and multidisciplinary 

cooperaton 
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[190]. The geriatric intervention begins in the hospital and continues in the residents’ homes. 

The visits are planned individually and the number of visits depends on the need of treatment.  

At Aarhus University Hospital, the orthogeriatric teamwork has existed for 11 years. 

The orthopedic surgeon provides the hip fracture surgery along with the Department of 

Anesthesiology. In Aarhus University Hospital, the usual length of hospital stay is 2 days for 

nursing home residents due to their needs to return home to rehabilitation in well-known 

surroundings to avoid delirium, and 10 days for sheltered housing residents with hip fracture 

who rehabilitate in the geriatric ward. The orthopedic surgical staff cooperates with the 

multidisciplinary orthogeriatric team, which includes a physician (geriatrician), a nurse, and a 

physiotherapist who are all specialists in geriatrics. The orthogeriatric team works during 

daytime hours from Monday through Saturday.  

 

Statistical considerations  

All data from ‘EpiData’ were exported to Stata software, version 13.0 for the statistical 

analysis. Results were considered statistically significant at a 2-sided alpha level of 5% or 

less.  

 

Power calculations 

Power calculation, according to physical recovery during the intervention period, was based 

on our own data from an observational pilot study with nursing home residents after hip 

fracture with a Hb level between 7 mmol/L (11.3 g/dL) and 6 mmol/L (9.7 g/dL) measured 

within the first 2 postoperative days. A tailored intervention group who received more RBC 

transfusions improved the MBI sum-score by 23% after 30 days of follow-up compared to 

standard treatment. To obtain 85% statistical power at p≤0.05, we aimed to recruit 284 

patients, which included 10% probable withdrawal.  

 

Analyses of baseline variables 

Baseline characteristics collected at enrolment were compared: 

� to describe the characteristics of the trial participants, which is essential for assessing 

the generalizability of the results 

� to demonstrate that the randomization procedure has successfully led to comparability 

between trial groups 

� to adjust treatment effects for imbalanced variables and randomization stratification 

factors strongly related to the outcome   



 

 - 36 -

Continuous variables were compared using Student’s t-test, categorical variables using 

Pearson’s chi-squared test and Fisher’s Exact test, and non-normal distributed variables using 

Wilcoxon’s rank-sum test. The means are expressed with standard deviations (SDs) and 

medians with interquartile ranges (IQRs).  

 

Comparison of RBC transfusion strategies 

In this dissertation, the liberal group was calculated as the numerator and the restrictive group 

as the denominator (reference). Reversely, in the three added papers, the restrictive group was 

the numerator and the liberal group was the denominator due to the procedure in previous 

RCT’s that aimed to reduce the use of RBC units.  

Comparison of Hb concentrations days 3, 10, 17, 24, and 30 was made by using 

analysis of variance to test for unequal development over time, using both parallel curves and 

equal mean curves, followed by a Likelihood Ratio test to discriminate differences.  

 

Primary outcome       

Clinical outcomes were compared, as follows:  

intention-to-treat (ITT) analyzed according to their original group assignment, whether or not 

this was the intervention they actually received, or if they accepted or adhered to the 

intervention. Alternatively, a per protocol (PP) analysis was made based on actual 

intervention received, with criteria for exclusion if inadequate adherence to the intervention 

was achieved [150,191,192] 

� randomized study group assignment 

� residential groups 

Measures on MBI and CAS day 10 were categorized and compared using Pearson’s chi-

squared test or Fisher’s exact test. Medians of NMS were compared by Wilcoxon’s rank-sum 

test. Results were expressed with percentages or medians with IQR. Measurements on 

logarithm-transformed MBI sum-scores were compared in analysis-of-variance (with 

repeated measurement). Likelihood Ratio tests were used to test for parallel curves and equal 

means between the two groups. The models were checked with normal probability plots of 

the standardized residuals and scatter plots of the residuals versus predicted values. 

Furthermore, all pairwise differences between any two time points were checked with normal 

probability plots and for equal standard deviations and correlations (the compound symmetry 

model). In non-survivors, the missing physical ability values were set to zero (=no ability).  
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Secondary outcomes 

Risk of death within two follow-up periods (30 and 90 days) was analyzed using Cox 

proportional hazard regression model. Each patient was followed for the same time without 

censoring, and only death terminated the follow-up period. Time of death was recorded by 

date. The assumption on proportional hazards was checked graphically using "log-log" plots 

of the two survival curves. Results were expressed as hazard ratios (HRs) with 95% 

confidence intervals (CIs) and p-values, and illustrated by Kaplan-Meier plot.  

 Outcome measures for infection incidences during 10 days were dichotomized and 

presented with relative risk ratios. The number of pre- and intra-operative RBC units per 

patient was added to that of post-operative units to analyze a possible association between the 

total numbers of RBC units and risk of infection. The latter RBC units were then classified at 

four levels and analyzed by a logistic regression model. Post-estimation was made by 

Hosmer-Lemeshow test. On infection biomarkers equal development over time was tested, 

using both parallel curves and equal mean curves. As CRP data were not normally distributed 

a logarithmic transformation was conducted before the analysis of variance. 

 Overall Quality of Life measured by DL sum-scores day 30 and day 365 were 

compared by Wilcoxon rank-sum test. The association between normal distributed sum-score 

differences on OQoL (DL difference) and ADL recovery (MBI difference) from day 30 until 

365 days after surgery was analyzed in a linear regression model. The model was checked by 

normal distributed residuals.  
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Results 

Enrolment  

From January 18, 2010 to June 6, 2013, we consecutively enrolled 65+ aged hip 

fracture patients at the Orthopedic Surgery Ward at Aarhus University Hospital (Figure 

4). In total 284 patients were enrolled. Eight patients (2.8%) dropped out of the study. 

Seven refused RBC transfusions and 1 experienced an acute bleeding ulcer. The 8 drop-

out patients did not differ from those who completed the study in terms of baseline 

characteristics.  

 

   Figure 4 The CONSORT diagram showing patient’s flow through the study 

 
 

89   Excluded 
55 Hb concentration ≥ 7mmol/L 
15 Active cancer 
  3 Fluid overload 
  1 Irregular erythrocyte antibodies 
  2 No surgery 
10 Died before or during surgery 
  1 Jehovah Witness 
  2 No Danish language   

 

Drop-outs: 
     4 refused RBC transfusion 
         
 

132 Included in per-protocol    
       analysis 

20 Excluded 
     (did not consent) 

393 Patients assessed for  
       eligibility 

 

304 Screened for consent  

 

284 Randomized 

144 Randomized to restrictive  
       transfusion strategy 

140 Randomized to liberal  
       transfusion strategy 

 

 

Deviated from protocol: 
     8 missed 1-2 RBC units  
     outside protocol threshold 
 

Drop-outs:  
     3 refused RBC transfusion 
     1 acute bleeding ulcer 

Deviated from protocol: 
     8 received 1-3 RBC units  
     outside protocol threshold 

128 Included in per-protocol  
       analysis    



 

 - 39 -

 

Protocol deviation in the restrictive group involved 8 patients who received 1 to 3 

additional blood units: 4 severely ill patients required additional blood as did 4 other cases 

after inattention to blood test results. In the liberal group, 8 patients missed one or two units 

of blood: 6 cases due to lack of attention to blood test results (during recovery in other 

departments), and 2 cases after physicians refused to prescribe RBC transfusions according 

to the protocol. Hence, 260 patients remained for the PP analysis. 

 

Table 3 Baseline characteristics of 284 frail elderly hip fracture patients 
 

 

 

 

Restrictive strategy 

(n=144) 

 
 

Liberal strategy 

(n=140) 

 

 

 

Characteristics 
Nursing  

homes 

(n=89) 

Sheltered  

housing 

(n=55) 

 

 

Nursing  

homes 

(n=90) 

Sheltered 

housing 

(n=50) 

Difference  

in strategy 

groups 

p-value 
 

Female gender (%) 

Mean age, y (sd) 

Prefracture ADL° (%) 

    Self-sufficient 

    Dependent 

 

67 (75) 

86.4 (6.65) 

 

24 (27) 

65 (73) 

 

41 (75) 

84.5 (7.08) 

 

42 (76) 

  13 (24)* 

 

 

 

 

 

 

68 (75) 

88.7 (6.25) 

 

29 (32) 

61 (68) 

 

38 (76) 

85.7 (7.58) 

 

39 (78) 

  11 (22)* 

 

0.89 

0.02 

 

 

0.64 

Comorbidity° (%) 

      Low 

      Moderate 

      Severe 

 

17 (19) 

53 (60) 

19 (21) 

 

16 (29) 

25 (45) 

14 (25) 

 

 

 

15 (17) 

59 (65) 

16 (18) 

 

24 (48) 

16 (32) 

 10 (20)* 

 

 

 

0.51 

Cardiovascular disease (%) 

Dementia° (%) 

Underweight° (%)  

Prescribed medicine°, no (IQR) 

Previous hip fracture (%) 

17 (19) 

44 (49) 

11 (12) 

   6 (4-9) 

 17 (19) 

17 (31) 

  2 (4)* 

11 (20) 

     7 (5-10) 

  7 (13) 

 

 

 

 

14 (16) 

55 (61) 

11 (12) 

   6 (4-8) 

 22 (24) 

11 (22) 

  1 (2)* 

12 (24) 

   6 (4-9) 

11 (22) 

0.23 

0.16 

0.79 

0.45 

0.15 

Blood samples (sd)  

    Hemoglobin (g/dL) 

    Erythrocyte Vol. Fraction 

    Sodium (mmol/L) 

    Potassium (mmol/L) 

    Creatinine (µmol/L) 

    Urea (mmol/L) 

    Albumin (g/L) 

    Trombocytes (10^9/L) 

State of delirium (%) 

Waiting time for surgery, h (IQR) 

 

  10.4 (1.37) 

 0.36 (0.04) 

137.7 (4.05)  

   4.0 (0.46) 

 91.6 (39.8) 

   8.6 (3.48) 

 34.0 (4.49) 

  253 (88.3) 

 14 (15) 

     17 (9-23) 

 

10.2 (1.17) 

0.36 (0.04) 

136.7 (4.57) 

4.0 (0.45) 

87.8 (38.9) 

9.2 (4.94) 

36.0 (4.28) 

225 (77.5) 

5 (9) 

18 (12-24) 

 

 

10.2 (1.42) 

 0.36 (0.03) 

137.5 (4.36) 

    4.1 (0.49) 

  90.5 (35.2) 

    8.6 (4.28) 

  34.9 (4.23) 

   241 (72.5) 

 13 (14)    

      15 (8-22) 

 

10.4 (1.45) 

0.37 (0.04) 

135.5 (4.65)* 

 3.9 (0.45) 

  76.4 (26.2)* 

    7.3 (2.69)* 

35.8 (5.09) 

 241 (69.1) 

  7 (14)    

      16 (9-22) 

 

0.99 

0.97 

0.32 

0.49 

0.27 

0.13 

0.43 

0.79 

0.59 

0.08 

Surgical treatment (%) 

    Internal fixation 

    Arthroplasty  

    Other   

Pre- and intraoperative RBC 

transfusions (%)   

 

70 (79) 

17 (19) 

 2 (2) 

 

12 (13) 

 

39 (71) 

14 (25) 

 2 (4) 

 

10 (18) 

 

 

 

72 (80) 

16 (18) 

2 (2) 

 

13 (14) 

 

40 (80) 

10 (20) 

0 (0) 

 

7 (14) 

 

 

 

0.38 

 

0.17 
 

* Significant difference (p<0.001) within the residents from nursing homes and sheltered housing facilities. 

° Variable used in the ‘Comprehensive Geriatric Assessment – Frailty Index’ 150 

  



 

 - 40 -

Baseline data 
 

Baseline patient characteristics were well balanced between the transfusion groups with the 

exception of mean age, which was lower in the restrictive strategy group (Table 3). The 

data illustrated an overall majority of frail elderly with prefracture dependency in ADL, 

ambulation, and mobility: 57% were substantially or completely dependent on personal 

support, 71% was not able to walk independently (without walking aids), and 36% needed 

assistance for transfer from bed to chair. The nursing home residents were more frail and 

had a lower prefracture functional abilities than the sheltered housing residents (Table 4). 

 

Table 4 Criteria of the Comprehensive Geriatric Assessment (CGA) Frailty Index according to 
residents in nursing homes or sheltered housing facilities, and the relative risk of 90-day mortality 
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Figure 5  
During the intervention period the 
mean hemoglobin concentrations 
differed significantly. Hemoglobin 
was measured in venous blood 
samples on days 3, 10, 17, 24, and 30 
after hip fracture surgery. In this 
figure the means are presented with 
95% confidence intervals. 
 

 
                                                    Residents 

CGA Frailty index Nursing home 
(n=179) 

Sheltered housing 
(n=105) 

Difference between 
residents 
p-value 

Prefracture ADL 

    MBI ≥ 80 (ref) 

    MBI < 80 

 

 53 (30%) 

126 (70%) 

 

69 (65%) 

36 (35%) 

 

 

<0.001 

Comorbidity 

    CCI ≤ 2  (ref)     

    CCI > 2 

 

144 (80%) 

  35 (20%) 

 

81 (77%) 

24 (23%) 

 

 

0.51 

Cognitive impairment 

    MMSE ≥ 20 (ref) 

    MMSE < 20 

 

  32 (18%) 

147 (82%) 

 

71 (68%) 

34 (32%) 

 

 

<0.001 

Malnutrition 

    BMI ≥20 and albumin ≥34  

    BMI <20 and albumin < 34 

 

169 (94%) 

10 (6%) 

 

101 (96%) 

   4 (4%) 

 

 

0.62 

Multimedication 

    Prescribed daily drugs ≤7  

    Prescribed daily drugs >7 

 

114 (64%) 

  65 (36%) 

 

63 (60%) 

42 (40%) 

 

 

0.54 
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Red Blood Cells 

Figure 5 shows repeated measurements of mean Hb levels maintained at a mean of 7.01 

mmol/L (95% CI: 6.99-7.04) (11.3 g/dL) for the restrictive transfusion group versus 7.60 

mmol/L (95% CI: 7.56-7.63) (12.3 g/dL) for the liberal group. Also, Hb measurements of the 

two transfusion groups were tested for parallel curves (p=0.82) and equal means (p<0.001). A 

total of 712 RBC transfusions were administered during the study of which 73% were given 

during the first postoperative week. The median number of RBC units transfused per patient in 

the restrictive transfusion group was 1.0 (IQR 1-2) versus 3.0 (IQR 2-5) for the liberal group. 

In the restrictive group 35 patients (25%) received no transfusion following randomization. No 

complications were observed during or after RBC transfusions. The amount of RBC units is 

associated with transfusion strategy, Hb at admission and type of hip fracture (Table 5). 

 

Table 5 Procedure-related variables after hip fracture surgery during the 30-day postoperative period 

 
 
 

  Nursing homes  Sheltered housing 

 

CGA procedures 

Restrictive 

strategy 

(n=89) 

Liberal 

strategy 

(n=90) 

p-value  

Restrictive 

strategy 

(n=55) 

Liberal 

strategy 

(n=50) 

p-value 

 

P   Postoperative RBC* units   

 

1 (1 - 3) 

 

3 (2 - 5) 

 

<0.001 

 

 

 

2 (1-4) 

 

3 (2-5) 

 

0.01 

Length of hospital stay       

    Median days (IQR) 

 

2 (2-5) 

 

2 (2-3) 

 

0.45 

 

 

 

11 (9-13) 

 

10 (9-12) 

 

0.35 

Discharged from OD† to (%) 

    Home 

    Geriatric Department 

    Another Department 

    Dead  

 

62 (70) 

23 (26) 

2 (2) 

2 (2) 

 

76 (85) 

12 (13) 

1 (1) 

1 (1) 

 

 

 

 

0.08 

 

 

 

 

 

 

0 (0) 

52 (95) 

3 (5) 

0 (0) 

 

1 (2) 

47 (94) 

2 (4) 

0 (0) 

 

 

 

 

0.82 

Follow-up 

    Telephone consultation 

    Home visit 

 

4 (3-7) 

7 (6-8) 

 

5 (3-6) 

8 (6-9) 

 

0.69 

0.04 

 

 

 

 

3.5 (2-5) 

5 (4-5) 

 

3 (2-5) 

5 (4-6) 

 

0.81 

0.34 

Fluid therapy‡ 

    Liter 

53 (60) 

3 (2-7) 

60 (66) 

5 (2-8) 

0.80 

0.22 

 

 

28 (51) 

3 (1-6) 

28 (56) 

4 (2-8) 

0.66 

0.17 

Iron therapy (tablets) 63 (71) 66 (73) 0.36  46 (84) 40 (80) 0.69 

Antibiotic treatment 

Osteoporosis treatment 

Medication adjustment** 

Time to discontinuation of  

    strong pain killers (days) 

69 (77) 

85 (96) 

48 (54) 

 

18 (11-28) 

72 (80) 

88 (98) 

47 (52) 

 

15 (9-26) 

0.69 

0.26 

0.27 

 

0.73 

 45 (82) 

54 (98) 

44 (80) 

 

21 (15-37) 

41 (82) 

48 (96) 

43 (86) 

 

25 (18-29) 

0.96 

0.32 

0.25 

 

0.36 
 

* Red Blood Cells 

† Orthopaedic Department 

‡ Subcutaneous or intravenous fluid therapy 

** Apart from iron, osteoporosis treatment, pain killers and laxative treatment. 
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Apart from the RBC transfusions, the participants received similar comprehensive geriatric 

assessment, treatment, and care during the 30 days of intervention (Table 6). The nursing 

home residents in the restrictive strategy group received less home visits from the 

orthogeriatric team compared to the nursing home residents in the liberal strategy group, and 

there was a tendency toward more residents from the restrictive group who were transferred to 

the geriatric ward from the orthopedic surgery ward without prolonging the length of hospital 

stay. 

 

Table 6 Distribution of postoperative red blood cell units during 30 days of intervention and tested  
for associations with baseline variables.  

 0 units 

(n=36) 

1-2 units 

(n=135) 

3-5 units 

(n=88) 

>5 units 

(n=25) 
p-value 

Strategy groups (%) 

    Liberal (n=140) 

    Restrictive (n=144) 

 

0 (0) 

36 (25) 

 

61 (44) 

74 (51) 

 

60 (43) 

28 (19) 

 

18 (13) 

7 (5) 

 

 

<0.001 

Gender (%) 

    Male (n=70) 

    Female (n=214) 

 

10 (14) 

26 (12) 

 

35 (50) 

100 (47) 

 

18 (26) 

70 (33) 

 

7 (10) 

18 (8) 

 

 

0.73 

Age groups, y (%) 

    65-79 (n=44) 

    80-89 (n=128) 

    90+ (n=112) 

 

 9 (21) 

19 (15) 

8 (7) 

 

22 (50) 

54 (42) 

59 (53) 

 

12 (27) 

42 (33) 

34 (30) 

 

1 (2) 

13 (10) 

11 (10) 

 

 

 

0.14 

Residence (%) 

    Nursing home (n=179) 

    Sheltered housing (n=105) 

 

24 (13) 

12 (11) 

 

89 (50) 

46 (44) 

 

54 (30) 

34 (33) 

 

12 (7) 

13 (12) 

 

 

0.36 

Hb at admission (%) 

    ≥ 7 mmol/L (n=206) 

    < 7 mmol/L (n=78) 

 

32 (16) 

4 (5) 

 

102 (50) 

    33 (42)  

 

63 (30) 

25 (32) 

 

9 (4) 

16 (21) 

 

 

<0.001 

Prefracture ADL (%) 

    Non-dependent (n=162) 

    Dependent (n=122) 

 

22 (14) 

14 (11) 

 

77 (47) 

58 (48) 

 

49 (30) 

39 (32) 

 

14 (9) 

   11 (9)  

 

 

0.95 

Comorbidity (%) 

    Low (n=225) 

    Moderate – high (n=59) 

 

27 (12) 

 9 (15) 

 

105 (47) 

  30 (51) 

 

72 (32) 

16 (27) 

 

21 (9) 

  4 (7) 

 

 

0.73 

Diagnose of CVD (%) 

    No (n=225) 

    Yes (n=59) 

 

30 (13) 

 6 (10) 

 

104 (46) 

  31 (53) 

 

71 (32) 

17 (29) 

 

20 (9) 

  5 (8) 

 

 

0.82 

Creatinine at admission (%) 

    ≤ 90 µmol/L (n=178) 

    > 90 µmol/L (n=106) 

 

25 (14) 

11 (10) 

 

80 (45) 

55 (52) 

 

55 (31) 

33 (31) 

 

18 (10) 

 7 (7) 

 

 

0.51 

Fracture type (%) 

    Femoral neck (n=125) 

    Trochanteric (n=159) 

 

24 (19) 

      12 (8) 

 

59 (47) 

76 (48) 

 

38 (30) 

50 (31) 

 

4 (3) 

21 (13) 

 

 

0.001 

Surgical treatment (%) 

    Internal fixation (n=221) 

    Arthroplasty* (n=63)  

 

25 (11) 

11 (18) 

 

109 (49) 

  26 (41) 

 

66 (30) 

22 (35) 

 

21 (10) 

4 (6) 

 

 

0.37 

*inclusive 4 patients with the Girdlestone surgery 
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Recovery from physical disabilities (Paper 1) 

In both transfusion groups, the patient’s physical abilities were statistically significantly 

impaired 10 days after hip fracture surgery as compared to their prefracture level (p<0.001). 

No difference in recovery was found between the two groups according to MBI, NMS, 

CAS, transferring from bed to chair, or walking ability (Table 7). 

           Overall, the repeated measurements on MBI sum-scores, compared to prefracture 

level, on days 10, 30, and 90 after surgery, were similar within transfusion groups, i.e. 

parallel curves (p=0.24) and equal means (p=0.27). For nursing home residents the curves 

was parallel (p=0.36) and the means were equal (p=0.32) between transfusion groups. 

Likewise, for sheltered housing residents the curves was parallel (p=0.64) and the means 

equal (p=0.93) between transfusion groups (Figure 6). Similar results were found in the PP 

analyses.  

 

Int Tabel 7 Intention-to-treat analyses. Physical ability scores 10 days after hip fracture surgery compared 
    restrictive transfusion group with liberal group stratified in residents from nursing homes and sheltered  

        housing and analyzed with Wilcoxon rank sum test. 
 

 

 
         All residents 

             (n=284) 

 

 

   Nursing homes 

(n=179) 

 

 

      Sheltered housing 

             (n=105) 

  Physical ability  

 10 days after surgery 

 

Restrictive 

strategy 

(n=144) 

 

Liberal 

strategy 

(n=140) 

 

 

p 

 

Restrictive 

strategy 

(n=89) 

 

Liberal 

strategy 

(n=90) 

 

 

p 

 

Restrictive 

strategy 

(n=55) 

 

 Liberal  

strategy 

(n=50) 

 

 

p 

Modified Barthel Index 1 (%) 

    Independent or moderate 

dependent  

    Substantially dependent  

    Completely dependent 

 

 

  38 (26) 

  51 (35) 

  55 (38) 

 

 

     32 (23) 

     58 (41) 

     50 (36) 

 

 

 

 

0.56 

 

 

18 (20) 

24 (27) 

47 (53) 

 

 

15 (17) 

33 (37) 

42 (46) 

 
 
 

 

 

0.37 

 

 

20 (36) 

27 (49) 

  8 (15) 

 

 

17 (34) 

25 (50) 

  8 (16) 

 

 

 

 

0.96

New Mobility Score2  

    Median (IQR) 

 

  1 (0-1) 

 

      1 (0-1) 

 

0.49 

 

1 (0-1) 

 

1 (0-1) 

 

0.83 

 

1 (1-2) 

 

1 (1-2) 

 

0.54

CAS Score3 (%) 

    Walking ability 

    Sit-to-stand-to-sit 

    Bedridden  

 

19 (13) 

65 (45) 

56 (39) 

 

16 (11) 

74 (53) 

50 (36) 

 

 

 

0.53 

 

4 (4) 

37 (42) 

48 (54) 

 

8 (9) 

40 (44) 

42 (47) 

 

 

 

0.24 

 

16 (29) 

30 (55) 

  9 (16) 

 

 7 (14) 

34 (68) 

  9 (18) 

 

 

 

0.17

Transfer from bed to chair (%) 

    Independent 

    Dependent  

 

 25 (17) 

119 (83) 

 

19 (14) 

121 (86) 

 

 

0.30 

 

 10 (11) 

79 (89) 

 

  11 (12) 

  79 (88) 

 

 

0.98 

 

15 (27) 

40 (73) 

 

  8 (16) 

42 (84) 

 

 

0.16

Walking ability (%) 

    Independent  

    Walking aids 

    Person support  

    None  

 

1 (1) 

25 (17) 

59 (41) 

59 (41) 

 

1 (1) 

25 (18) 

66 (47) 

48 (34) 

 

 

 

 

0.88 

 

1 (1) 

7 (8) 

33 (37) 

48 (54) 

 

1 (1) 

12 (13) 

38 (42) 

39 (43) 

 

 

 

 

0.68 

 

0 (0) 

18 (33) 

26 (47) 

11 (20) 

 

0 (0) 

13 (26) 

28 (56) 

  9 (18) 

 

 

 

 

0.65

 

1  Modified Barthel Index -score categories: ‘Independent/moderate dependent’ in Activities of Daily Living (ADL) (sum-score: 100-50);   
  ‘Substantial dependent’ in ADL (sum-score: 49-25); and ‘Completely dependent’ in ADL (sum-score: 24-0)  
2  New Mobility Score categories (9=best, 0=worse): ‘High level’ (sum-score 9-6); ‘Low level’ (sum-score 5-0) 
3  Cumulated Ambulation Score (CAS) categories (6=best, 0=worse): ‘Independence’ (sum-score=6); ‘Dependency’ (sum-score: 5-0) 
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    Figure 6  (Intension-to-treat) Repeated measures on physical recovery from prefracture until      
    postoperative days 10, 30 and 90 presented with median score with interquartile ranges. 
 

 

ADL-recovery (difference in MBI sum score from prefracture physical performance to 90 

days after surgery) was similarly impaired in the two transfusion groups (β=2.49 (95% CI:  

-4.32; 9.31, p=0.47). In nursing home resident ADL-recovery was minus 34 points (95% 

CI: -94; 46) and in the sheltered housing residents minus 30 points (95% CI: -100; 10) 

(p=0.25). After 90 days, nursing home residents’ MBI sum-score was lower than the 

sheltered housing residents’ (β= -21.3 (95% CI: 13.4; -29.2, p<0.001). Women’s ADL-

recovery was better than men’s (β= 8.25 (95% CI: 0.35; 16.2, p=0.01). Dementia, age, 

underweight, pain by mobilisation, fracture type, and surgical treatment were not 

associated with ADL-recovery. The Hb concentration in the blood after 30 days of 

intervention was not associated with the 30-day MBI sum score (β= -3.71 (95% CI: -9.2; 

1.8, p=0.19). 
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Survival (Paper 1) 

No statistically significant difference of 90-day mortality was found between the restrictive 

(27% died) and liberal transfusion groups (21% died) when analysed by intention-to-treat 

(Table 8). However, the per-protocol 30-day mortality rate was higher after restrictive 

transfusion. In a subgroup analysis, nursing home residents’ 90-day mortality rate was 

statistically significantly higher after restrictive transfusions compared to liberal 

transfusions. Similar results were obtained with the per-protocol analyses. However, for 

sheltered housing residents 90-day mortality rates showed no statistically significant 

differences between transfusion groups (Figure 7). The main cause of death for both 

transfusion groups was pneumonia (p=0.11), (Table 9). No deaths were related to bleeding 

or complications to the RBC transfusions.   
 

Table 8 The hazards ratio of time to death within 30 and 90 days by intention-to-treat analysis and per-
protocol analysis 

 

 

Table 9 Causes of deaths during 90 postoperative days in frail elderly hip fracture patients. 
 

 
 

Deaths 
 

 

Causes of deaths 

 

Liberal strategy 
group 
(n=30) 

 

Restrictive strategy 
group  
(n=40) 

 

p-value 

 

Pneumonia (%) 

 

8 (27) 

 

18 (44) 

 

0.11 

Heart failure (%)              3 (9) 11 (28) 0.07 

Sepsis (%)              3 (9)   5 (11) 0.74 

Dementia (%)              3 (9)   4 (10) 0.98 

Stroke (%)              8 (27)  2 (7) 0.02 

Liver failure (%)              4 (13)  0 (0) - 

  

30-day mortality 

 

  

90-day mortality 

 
 

Intention-to-treat 

 
Restrictive 

(n=144) 

 
Liberal 
(n=140) 

 
Hazard Ratio 

(95% CI) 

 
p-

value 

  
Restrictive 

(n=144) 

 
Liberal 
(n=140) 

 
Hazard Ratio 

(95% CI) 
p

value

 
All residents (%) 

 
21 (14) 

 
12 (8) 

 
1.76 (0.86-3.58) 

 
0.11 

  

40 (27) 

 
30 (21) 

 
1.39 (0.86-2.23) 0.17

 
Nursing homes (%) 
 

 
16 (18) 

 
   9 (10) 

 
1.89 (0.83-4.29) 

 
0.12 

  

32 (36) 

 
18 (20) 

 
2.00 (1.12-3.57) 0.01

Sheltered (%) 5 (9)  3 (6) 1.52 (0.36-6.40) 0.56 
 

 8 (15) 12 (24) 0.60 (0.24-1.48) 0.27

 
Per-Protocol 

 

 
 (n=132) 

 

 
 (n=128) 

 

 
HR (95% CI) 

 

p-
value 

 

 
 (n=132) 

 

  
(n=128) 

 
HR (95% CI) 

p

value

 
All residents (%)  
 

 
21 (16) 

 

 
9 (7) 

 

 
2.36 (1.08-5.16) 

 

 
0.03 

 

 

 

 
35 (27) 

 

 
26 (20) 

 

 
1.41 (0.84-2.34) 

 
0.18

Nursing homes (%)  
 

16 (20)  8 (10) 
 

2.15 (0.92-5.03) 
 

0.07 
 

 

 
28 (35) 

 

17 (20) 
 

1.85 (1.01-3.38) 

 

0.04

Sheltered (%) 5 (10) 1 (2) 4.58 (0.53-39.2) 0.16 
 

 
 

7 (13) 9 (19) 0.72 (0.27-1.95) 0
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Figure 7 The plots show the Kaplan-Meier estimates of 90-day survival rates after  
hip fracture in residents from nursing homes and sheltered housing facilities by  
Intention-to-treat analysis.  
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Among the baseline variables biomarkers at admission: severe comorbidity, 

multimedication, CVD, ADL disabilities, low hemoglobin, high creatinine, and low 

albumin were independently associated with 90-day mortality (Figure 8). Pneumonia and 

delirium assessed 10 days after surgery were also associated with 90-day mortality when 

adjusted for transfusion strategy.  
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Figure 8 The odds ratio (small red boxes) with 95% confidence intervals (horizontal lines) for  
the outcome measure of death by day 90 among all the patients, as assessed by logistic regression  
analysis with adjustment of RBC transfusion strategy. The size of each red box is compared to  
the corresponding subgroup in all the baseline variables and potential predictors of mortality:  
delirium, pneumonia, and UTI 10 days after surgery.   
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Infection risk (Paper 2) 

The overall risk of postoperative infection was similar for the two transfusion groups. No 

incidence difference was found among the types of treatment-required infection incurred by 

residents of either nursing homes or sheltered housing (Table 10). 

   
Table 10 (Intention-to-treat) Distribution of postoperative infections after restrictive or liberal RBC 
transfusion thresholds within 10 days after hip fracture surgery and presented as relative risk ratios with 
95% confidence intervals (CI).  
 

 

 

 

10-day outcomes 

             Nursing home residents                      Sheltered housing residents 

Restrictive 

n=89 

Liberal 

n=90 

Risk Ratio 

(95% CI) 
 

Restrictive 

n=55 

Liberal 

n=50 

Risk Ratio 

(95% CI) 

Incidence of one or 

more infections (%) 

    No 

    Yes 

Pneumonia (%) 

    No 

    Yes 

UTI* (%) 

    No 

    Yes 

Other infections (%) 

    No 

    Yes 

 

 

25 (28) 

64 (72) 

 

71 (80) 

18 (20) 

 

43 (48) 

46 (52) 

 

87 (98) 

2 (2) 

 

 

34 (38) 

56 (62) 

 

72 (80) 

18 (20) 

 

53 (59) 

37 (41) 

 

87 (97) 

3 (3) 

 

 

1.00 (reference) 

 1.15 (0.94-1.42) 

 

1.00 (reference) 

 1.01 (0.56-1.81) 

 

1.00 (reference) 

 1.25 (0.91-1.72) 

 

1.00 (reference) 

 0.67 (0.11-3.94) 

  

 

15 (27) 

40 (73) 

 

43 (78) 

12 (22) 

 

25 (45) 

30 (55) 

 

55 (100) 

0 

 

 

13 (26) 

37 (74) 

 

40 (80) 

10 (20) 

 

25 (50) 

25 (50) 

 

50 (100) 

0 

 

 

1.00 (reference)

 0.98 (0.78-1.23)

 

1.00 (reference)

 1.09 (0.51-2.30)

 

1.00 (reference)

1.09 (0.76-1.57)

 

1.00 (reference)

 - 

* Urinary Tract Infection 

 

In total, 69% of the patients in the study experienced at least one infection during the 10 

days after hip fracture surgery. The incidence of pneumonia within 10 postoperative days 

was similar among both transfusion groups: restrictive 21% versus liberal 20% (p=0.86), 

and was independent on type of residence. Likewise, the UTI rate within 10 postoperative 

days was similar among both transfusion groups: restrictive 53% versus liberal 44% 

(p=0.15). There was no significant difference between other infection (surgical wound 

infection, erysipelas, sepsis, pyelonephritis, and infections without focus) rates: restrictive 

1.3% versus liberal 2.1% (p=0.63). Similar results were found with the per-protocol 

analysis. 

           The mean curves of leukocyte counts of both groups were parallel over the 30 days (p= 

0.17) and mean counts were equal (p=0.62). The same situation applied to repeated 

measurements of CRP concentrations. The test showed parallel curves (p=0.94) and equal 

means within the two transfusion groups (p=0.86) (Figure 9).  
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RBC transfusions given pre- an intra-operatively were administered equally in the groups by 

16% in the restrictive transfusion group versus 14% in the liberal group (p=0.58).  The 

numbers of these transfusions combined with the transfusions given during the intervention 

period showed that the number of RBC units transfused were not associated with higher 

infection probabilities (Table 3). The incidence of infection was similar for both transfused 

patients and non-transfused patients (p= 0.29).  

Pneumonia within 10 days was associated with 90-day mortality (RR 1.73; 95% CI: 

1.09-2.75, p=0.02) and male gender (RR 1.86; 95% CI: 1.18-2.95, p=0.008). UTI within 10 

days was not associated with 90-day mortality (RR 0.85; 95% CI: 0.63-1.15, p=0.27), but 

Figure 9 Mean leukocytes and C-reactive protein (CRP) concentrations  

with 95% confidence intervals for repeated measurements during 30  

days of intervention with restrictive and liberal RBC transfusions. 
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was associated with female gender (RR 1.47; 95% CI: 1.05-2.07, p=0.01). Infections in total 

were not attributable to the surgical procedures, i.e. arthroplasty versus internal fixation (RR 

0.89 (95% CI: 0.72-1.09, p=0.25).  

                                  

Table 11 The probability of infections related to the number of intra- and postoperative red blood  
cell units regardless randomization in 284 frail elderly hip fracture patients analysed by a logistic 
regression model and presented as odds ratios with 95% confidence intervals (CI).  

 
 

Red blood cell units 

 

 

1-10 days after surgery 

 

0 

n=35 

 

1-2 

n=121 

 

3-5 

n=95 

 

>5 

n=33 

 

Odds Ratio† 

(95% CI) 

 

Pneumonia (%) 

 

8 (23) 

 

27 (22) 

 

19 (20) 

 

  4 (12) 

 

0.92 (0.80-1.05) 

Urinary tract infection (%) 18 (51) 59 (49) 47 (49) 14 (42) 0.97 (0.88-1.08) 

Other infections (%) 0 1 (0.8) 4 (4)  0  1.17 (0.87-1.61) 

† The odds ratio of the outcomes compared to the ordered exposure variable (blood units per patient) 

 

 

Quality of Life (Paper 3) 

Baseline characteristics 

Figure 1 illustrates patient selection from the TRIFE study population. Excluded patients who 

had died, dropped out, or yielded MMSE sum-scores <5 points, left 180 patients (63%) for 

the study of OQoL. On day 30, DL sum-score data were missing for 23 patients. The ‘non-

completers’ were more frequently nursing home residents with more severe comorbidities 

and, in terms of ADL, more dependence. Table 1 presents baseline variables for the study 

population in paper 3. In this population a total of 467 RBC units were administrated of 

which 76% were given within the first 5 days after surgery. Median RBC units transfused per 

resident in the restrictive group were 1.5 (IQR 1-2.5) and 3.0 (IQR 2-4) for the liberal group 

(p<0.001). Restrictive group patients (24%, n=19) required no RBC transfusions during the 

intervention perio since their Hb concentrations did not decrease below the protocol limit of 

9.7 g/dL, whereas all patients in the liberal group received at least one transfusion. Repeated 

Hb measurements yielded a mean of 11.3 g/dL (95% CI, 11.2-11.5) for the restrictive 

transfusion group versus 12.3 g/dL (95% CI, 12.2-12.5) for the liberal group (p<0.001).  

 

OQoL in the two transfusion strategy groups 

Among all 157 residents no Overall Quality of Life difference assessed by median 

Depression List (DL) sum-scores was observed between the two RBC transfusion groups 30 
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days after hip fracture surgery (p=0.16). The DL questionnaire yielded data on 101 residents 

one year after surgery. Median DL sum-scores showed no difference between the RBC 

transfusion groups at one year (p=0.75) (Figure 2). Increases of DL sum-scores from day 30 

to 1-year were 0.78 point (± 4.30) for the restrictive group versus 1.84 point (±4.23) for the 

liberal group (β=1.06 [95% CI: -0.62; 2.76] p=0.21). 

 

Figure 10 Flowchart of participants available for Overall Quality of Life measurement 

 

 
 

 

 

 

Drop-outs: n=4 
(3 refused RBC and 1 
acute bleeding ulcer) 
        

 

MMSE < 5 points: n=29 
 

144 Randomized to restrictive  
       transfusion strategy 
 

140 Randomized to liberal  
       transfusion strategy 
 

 

Died: n=12  

Drop-outs: n=4 
(refused RBC transfusion) 
 

Died: n= 21 
 

 

MMSE < 5 points: n=34 
         

The TRIFE-study 
284 randomized 

 

 
N=80 

  

Missing: n=10 
-refused to participate 
-DL not completed 
 

Missing: n=13 
-refused to participate 
-DL not completed 
     

 
N=77 

  

Died: n= 16 Died: n= 22 

 
N=55 

  

 
N=46 

  

 
 
 
 
30 day 
follow-up 
  

 
 
 
 
1 year 
follow-up 
  

MMSE < 5 points: n= 9 MMSE < 5 points: n= 9 
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ADL recovery in the two transfusion groups 

In the restrictive group the median Modified Barthel Index (MBI) sum-score at one year was 

76 (IQR: 48-86). The MBI sum-score increased by 9.18 points (±16.1) from day 30 until 1 

year after surgery. In the liberal group the median MBI sum-score at 1 year was 78 (IQR: 61-

86) and the MBI sum-score increased by 16.0 points (±16.5), from day 30 until 1 year after 

surgery, which was statistically significantly greater than the restrictive group (β=6.86 [95% 

CI: 0.41; 13.3] p=0.03). 

 

OQoL and ADL-recovery for both groups combined 

Depression List sum-scores assessing OQoL increased for the combined transfusion groups 

by 1.27 point (95% CI: 0.42; 2.11, p=0.003), from day 30 until 1 year after surgery. On day 

30, patients scored their highest points (i.e. lowest OQoL) on physical function items: 

appetite, fatigue, feeling old, liveliness, helplessness and weakness; whereas emotional and 

social items: life-satisfaction, sleep, health, friends, visits, mood, boredom, and life 

expectations improved. State of frailty was significantly associated with lower 30-day OQoL 

(p=0.03), but at 1 year (p=0.65).  

The MBI sum-score mean increased by 12.3 points (95% CI: 9.04-15.6, p<0.001) from 

57.2 points (±22.0) on day 30 after surgery to 69.5 points (±23.9) at 1 year. The increases of 

DL and MBI sum-scores were independently associated β= -0.06 (95% CI: -0.11; -0.01) 

p=0.02. Pre-fracture physical abilities (14 days before the fracture occurred), were not 

achieved 1 year later. The 1-year MBI sum-score was impaired by 10.8 points (95% CI: 7.38; 

14.2, p<0.001) (Figure 11). 
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Figure 11 Change from 
day 30 to 1 year after 
hip fracture surgery in 
Overall Quality of Life 
measured by Depression 
List (DL) and ADL 
measured by Modified 
Barthel Index (MBI) 
sum-score medians with 
inter-quartile range.  
Best DL sum-score is 0.  
Best MBI sum-score is 
100:10. 
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Table 12 gives an overview of frailty items according to all outcomes after 30 days 

intervention of RBC transfusions.  

 

                                                                                                                                                                                       
Table 12 All clinical outcomes after 30 days of intervention according to CGA Frailty Index. 

 

                       
30-day outcomes 

 
Frailty criterias 

 
Physical  

performance* 
points (95% CI) 

 
Mortality 

 
OR (95% CI) 

 

 
Infection 

 
OR (95% CI) 

 

 
Overall 

Quality of Life ᶺ 
points (95% CI) 

 

Overall frailty  

    No 

    Yes  

 

 

1.00 

-21 (-31; -10) 

 

 

1.00 

4.34 (0.57; 33) 

 

 

1.00 

1.07 (0.87; 1.30) 

 

 

1.00 

2.18 (0.05; 4.33) 

Prefracture ADL 

    MBI ≥ 80 (ref) 

    MBI < 80 

 

1.00 

-30 (-35; -25) 

 

1.00 

6.43 (2.19; 18.8) 

 

 

1.00 

1.56 (0.84; 2.87) 

 

1.00 

0.70 (0.04; 11.5) 

Comorbidity 

    CCI ≤ 2  (ref)     

    CCI > 2 

 

1.00 

-4.11 (-12.1; 3.86) 

 

1.00 

2.48 (1.14; 5.39)  

 

1.00 

2.14 (0.86; 5.31) 

 

1.00 

-1.81 (-3.94; 0.32) 

Cognitive impairment 

    MMSE ≥ 20 (ref) 

    MMSE < 20 

 

1.00 

-22 (-28; -16) 

 

1.00 

2.77 (0.77; 9.90)  

 

1.00 

0.97 (0.50; 1.86) 

 

1.00 

1.39 (-2.12; 1.32) 

Malnutrition 

    BMI ≥20 and albumin ≥ 34 (ref)    

    BMI <20 and albumin < 34 

 

1.00 

-1.16 (-16; 14) 

 

1.00 

1.28 (0.27; 6.01) 

 

1.00 

2.88 (0.36; 23) 

 

1.00 

1.42 (-4.08; 6.93) 

Multimedication 

    Prescribed daily drugs ≤ 7 (ref)  

    Prescribed daily drugs > 7 

 

1.00 

-1.90 (-8.60; 4.79) 

 

1.00 

2.51 (1.20; 5.25)   

 

1.00 

1.51 (0.78; 2.92) 

 

1.00 

-1.59 (3.37; 0.19) 

*Modified Barthel Index sum score 

ᶺ n=157 
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Discussion 

 

In this PhD project we included 284 elderly patients after hip fracture surgery. We compared 

a restrictive strategy (target: Hb 6 mmol/L; 9.7 g/dL) with a liberal RBC transfusion strategy 

(target: Hb 7 mmol/L; 11.3 g/dL). Randomization was stratified according to gender and type 

of residence: nursing homes and sheltered housing facilities. The nursing home residents 

were the frailest elderly. We found that survival increased in the nursing home residents with 

higher Hb concentrations. We assume that it was the frailest elderly in the liberal transfusion 

group who survived and the frailest elderly in the restrictive group who died. Survival 

occurred without impairing recovery from physical disabilities and reducing Overall Quality 

of Life. The higher number of RBC transfusions did not cause more treatment-requiring 

infections. After 1 year, physical abilities improved in the survivors without very severe 

cognitive disabilities as a result of the liberal transfusion strategy. Both physical ability and 

OQoL increased one year after hip fracture from 30 days after surgery until 1 year after and 

were associated.  

Comparison with existing literature 

Meeting the demand for RBC resources is one of the most difficult challenges for healthcare 

providers. Since we initiated this project in frail elderly hip fracture patients, there has been 

much focus on minimizing the use of blood, thus a new and even more restrictive 

recommendation was published by The Danish Health and Medicine Authority based on the 

existing evidence-based literature. The use of RBC transfusions is considered when the Hb 

thresholds are: 

� < 4.3 mmol/L (7 g/dL) in circulation stabile patients without heart disease 

� < 5.0 mmol/L (8 g/dL) in patients with chronic heart disease 

� < 5.6 mmol/L (9 g/dL) in patients with acute ischemic syndrome or life-threatening 

bleeding 

This recommendation is considered applicable for all patient groups – also the frail elderly 

with hip fracture.  

Many observational studies have compared risk factors in transfused and non-

transfused patient without taking into account the frailty aspect, thereby confounding the 

results. Likewise, several experimental studies have compared restrictive RBC transfusion 

strategies with liberal strategies in many different patient populations, with different Hb 

thresholds and various lengths of intervention periods, thereby making it difficult to 

accurately compare the results. These studies aimed at reducing the use of RBC units without 
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harming the patients. In our study, we wanted to see whether we could improve patient 

outcome by a more liberal blood transfusion strategy. 

The FOCUS study with 2,016 high-risk elderly hip fracture patients (mean age 81.6 

years) had either clinical evidence of or risk factors for cardiovascular disease, of whom 10% 

were nursing home residents [137]. Unfortunately, the researchers did not apply a subgroup 

analysis for only the nursing home residents. Our study investigated the RBC transfusion 

effects on frail elderly hip fracture patients with a higher mean age (86.7 years), high rate of 

comorbidity and dementia, and impaired physical ability. Interestingly, the results on 

infection and mortality in the FOCUS study might have been stratified by residence making it 

possible to examine whether the outcomes of the nursing home residents (N=214) were 

consistent with our findings. However, the FOCUS study’s restrictive Hb target was 1.7 g/dL 

lower than our restrictive Hb target and their liberal target was 1.3 g/dL lower than our liberal 

Hb target. Therefore they may not have found any difference in patient outcomes between the 

two Hb thresholds, and they conclude that Hb levels as low as 5 mmol/L (8 g/dL) are 

reasonable in hip fracture patient undergone surgery in the absence of symptoms of anemia.  

Our intervention period regarding RBC transfusions was longer than several 

previous studies because we took cognizance of the findings of Foss et al, that blood loss 

after surgery for hip fracture is up to six times that observed during the surgical procedure 

[193], and gastrointestinal bleeding or ulceration is a frequent complication in the elderly hip 

fracture patients and independently associated with increased blood loss [55]. Twenty-seven 

percent of our patients needed proton pump inhibitors within 30 days after surgery. Therefore 

a longer follow-up period was needed to capture reduction in Hb after surgery. 

 

Recovery from physical disabilities  

Our RCT was the first to examine the effect of Hb level on rehabilitation solely in the frailest 

hip fracture patients with acute anemia. A large proportion of the residents had poor physical 

performance already before the trauma. The potential for optimal recovery was thus 

unfavorable because poor prefracture physical functional capacity is associated with impaired 

recovery [24,45,60]. Only very few of our participants reached their prefracture physical 

ability within 3 months of follow-up. The outcome regarding physical ability after 1 year, 

where recovery was expected to peak [58], might have been underestimated due to the high 

1-year mortality rate of 45% in the nursing home residents. However, we found that ADL 

recovery was increased by the liberal transfusion strategy. 

 Half of the residents in each RBC transfusion group were prefracture anemic as 

defined according to WHO [194]. However, it was unclear whether this anemia was chronic 
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or due to the present hip fracture. Nonetheless, several studies found an association between 

chronic anemia and decreased physical ability due to reduced muscles strength in the elderly 

[25]. In that respect, both the poor prefracture physical ability and (chronic) anemia were two 

of many factors affecting the functional prognosis. Furthermore, cognitive impairments, 

comorbidity, and high age seem to negatively influence the physical functional outcome [69].  

 In previous studies, the Hb targets of RBC transfusion differed within a range of 7-9 

g/dL (4.3-5.6 mmol/L) as the restrictive strategy, and within a range of 9-10 g/dL (5.6-6.2 

mmol/L) as the liberal strategy. Carson and colleagues did not find better walking abilities in 

association with a higher Hb level in high-risk hip fracture patients who walked without 

human assistance prior to hip fracture compared to a restrictive threshold. However, their 

restrictive strategy group received RBC transfusion if signs of anemia were chest pain, 

congestive heart failure, and unexplained tachycardia, or hypotension unresponsive to fluid 

replacement [137]. Foss and colleagues also did not find a positive association between Hb 

level and ambulation [72]. As in our study, the ranges between the RBC transfusion strategy 

targets might not have been large enough to show any improvements. Instead, our restrictive 

strategy might have been as low as the new recommendation from the Danish Health and 

Medicine Authority (page 54).  

          

Mortality 

Several RCTs in various patient populations have already concluded that RBC stocks can be 

saved without increasing short-term mortality. Carson and his colleagues concluded in their 

meta-analysis from 2012 of 11 RCTs that 30-day mortality is not affected in relation to the 

RBC transfusion strategies in varying populations [10]. The same was true for 60-day 

mortality, which was combined in three RCTs. A restrictive strategy is at least as effective as 

a liberal strategy. In hip fracture patients (FOCUS study), Carson et al. in a study in which 

10% were nursing home residents found no short-term mortality differences between liberal 

and restrictive RBC transfusion strategies [137]. The same conclusion was achieved in a 

recent Scandinavian multicenter RCT in patients with septic shock [140]. However, Salpeter 

et al concluded in their meta-analysis from 2014 on the basis of three RCTs in pediatric 

intensive care patients and adults with critical illness or bleeding, that mortality was reduced 

by restricted blood transfusions less than 4.3 mmol/L (7 g/dL) compared to a more liberal 

threshold [152].  

Hébert et al. found significantly lower mortality in intensive-care units when RBC 

transfusions were administered to patients with coronary artery disease [37]. Also, Pinheiro 

de Almeida et al. found that a liberal RBC transfusion threshold of 5.6 mmol/L (9 g/dL) in 
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surgical oncologic patients was associated with fewer complications and reduced mortality 

compared to a restrictive strategy of 4.3 mmol/L (7 g/dL). These patients may be more 

susceptible to altered oxygen delivery and impaired tissue oxygenation during the 

postoperative period, which may be similar to the situation in our patients. The main cause of 

mortality in the oncologic patients was multiple organ failure as a result of septic shock. Also, 

Park et al. found in patients with septic shock and severe sepsis that the risk of 28-day 

mortality was lower in those patients who received RBC transfusion after adjustment for 

possible confounding factors in a propensity matched cohort study design [124]. In patients 

with symptomatic coronary artery disease, a recent RCT pilot study showed that deaths were 

less frequent in the liberal transfusion group compared to the restrictive group (1.8% versus 

13%) [146]. Even though only 110 patients were included and the study was underpowered, it 

seems that higher Hb, delivering needed oxygen to a vulnerable heart muscle in patients with 

coronary diseases, is life-saving.  

The Hb targets for RBC transfusion may be different in patients with gastrointestinal 

hemorrhage, in CVD patient, or even in frail elderly hip fracture patients. The various patient 

populations, e.g. children and elderly, cannot be pooled, but the disease and state of frailty 

most be taken into account. Furthermore, the very low liberal RBC transfusion strategy in 

many studies may eliminate the effect of life-saving outcomes. 

CGA was conducted to the same extend in the liberal and restrictive groups. If CGA 

and the RBC transfusion strategies were not combined, we might not have been able to find 

the same significant results. In some of the orthogeriatric models, there are effects concerning 

better functional recovery, shorter length of hospital stay, fewer complications and reduced 

mortality [88,174,178].  

The predictors of 90-day mortality after hip fracture are very similar to the 

constructs of frailty measured by CGA Frailty Index [150]. Surgery delay did almost not exist 

in our hospital. The time from admission to surgery was 16 hours compared to other studies 

with 3.5 days to surgery, even though it is well-known that surgery delay is associated with 

mortality and risk of complications [52,96,195], especially in the frail elderly with prefracture 

functional impairment. In the literature, postoperative anemia is associated with delirium and 

nosocomial infection in surgical hip fracture patients [30,49]. Prolonged delirium and 

pneumonia are both associated with death [35,53,95], as we found in our study. Cognitive 

impairment and/or age ≥85 years is associated with higher incidences of delirium and 

mortality [35,45,50,110].  However, these predictors of 90-day mortality need to be further 

investigated in future studies. 
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Our 90-day mortality rate was similar to rates reported in other studies involving nursing 

home residents with hip fracture [3]. The 90-day mortality rate in our nursing home residents 

in the restrictive transfusion group was rather high (36%), and higher than the 27% we 

previously observed. Berry et al. found that the overall 90-day mortality rate of nursing home 

residents admitted to long-term care in a rehabilitation center with geriatric specialists 

(Boston, USA) was 21% after hip fracture surgery which was similar to the 20% in our liberal 

strategy group [33-35]. However, we are unable to make further comparisons, since no data 

was available in the Boston study on RBC transfusion strategy for this group of nursing home 

residents. 

We found that stroke was a more frequent cause of death in the liberal transfusion 

group, whereas heart failure was more frequent with borderline significance in the restrictive 

transfusion group. These possible relationships need to be further investigated because 

information was obtained from death certificates only and not from autopsies. However, 

when the cardiovascular diseases were combined, no difference was found in mortality.   

We agree with Carson that outcomes such as mortality, myocardial infarction, and 

function should be considered in the overall risk-benefit analysis of RBC transfusion 

[196,197]: “Every time we think of a patient with different diagnoses and comorbid illnesses, 

we need to think of a safe hemoglobin concentration as a target to administer blood” [198]. 

 

Infection risk 

Available observational studies support the hypothesis of an increased risk of postoperative 

infections in recipients of RBC transfusions compared with patients who have not been 

transfused. Some investigators excluded certain types of infections such as UTI from the 

definition of postoperative infections although only UTI is found to be statistically significant 

in elderly transfused hip fracture patients after adjustment of confounders, in comparison to 

patient not transfused [199]. The immunomodulatory effects of RBC transfusions might not 

be related to the blood itself, but rather to other unmeasured clinical variables. Some studies 

used leukodepleted RBC units as we did. The leukocyte component of transfused blood might 

be related to development of acute lung injury, immunosuppressive effects, postoperative 

infections, and systemic inflammatory response syndrome [141]. A meta-analysis 

demonstrated that postoperative infections decreased in patients transfused with leukoreduced 

RBCs [200]. 

 The FOCUS study found no association with serious adverse events (e.g., wound 

infection, myocardial infarction, and pneumonia) [137]. Rohde et al. reported in the first 

publication release of their meta-analysis a reduced risk of health care-associated infection 
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with a restrictive RBC transfusion strategy (Hb threshold range: 4-6 mmol/L) compared to a 

liberal strategy (Hb threshold range: 5.6-7mmol/L) [143]. They had included preliminary 

results from our TRIFE study, unfortunately using our hazard ratio with inverse outcome. 

Another limit of this meta-analysis was that the included trials reported various infectious 

outcomes. In some trials, all infections are listed, whereas in others, only report specific types 

of infections are listed. When Rohde et al. re-analyzed the data, health care-associated 

infections were no longer associated with a restrictive RBC transfusion strategy compared to 

a liberal strategy [201]. 

 Anemia is known to be associated with an increased risk of nosocomial infections 

[49]. Postoperative Hb concentrations <10 g/dL are associated with complications such as 

UTI and pneumonia [45], and pneumonia has been linked to death [35]. Frailty, too, can 

increase morbidity. Frail elderly patients have impaired immune responses [149,151] and 

frequently succumb to infections, as shown in our study. Furthermore, the high infection rate 

may be related to our daily screening. Several studies only count the outcome of infection 

during hospitalization.  The FOCUS study measured infections from randomization (within 

the first 3 days after surgery) to discharge (4 days in USA and 12 days in Canada) [137]. 

After discharge, infections were obtained by telephone follow-up from patients or their 

relatives, with high risk of recall bias. 

 Blood management factors may also account for the diverse results of previous 

years, e.g. RBC units with leukocyte depletion, RBC transfusions with stored rather than 

fresh blood, and different RBC thresholds as targets for transfusion. In our study we did not 

register the age of the RBC products. Depending on the stock of blood, the oldest blood was 

delivered from the blood bank (max. stored 5 weeks). However, the risk of receiving the 

oldest blood is distributed equally in the two study groups, and findings in a recent RCT 

showed no association between mortality and age of blood units [126].  

The leukocytes counts in our serial blood samples showed a minor trend towards 

non-parallel curves over time, i.e. liberal transfusion patients showed higher mean leukocyte 

concentrations toward the end of the intervention period. An explanation could be that more 

patients survived in the liberal group, hence in the ITT analysis more survivors became 

exposed to infections during the intervention period thus increasing the leukocyte counts. 

Alternatively, leukocytes may have accumulated from the additional RBC units transfused.             

 

Quality of Life and ADL recovery 

Quality of Life (QoL) assessment has become increasingly common to supplement the 

objective measurements of health in clinical research, and is important in assessing 
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effectiveness of interventions or making treatment decisions [202]. If we prevent short-term 

mortality in the most frail nursing home residents after hip fracture surgery with a liberal 

transfusion strategy, did this mean that we were able to keep their OQoL at en acceptable 

level despite frailty. Obviously, we could not measure OQoL in the residents who died and in 

residents with a MMSE < 5 points; however, OQoL was not poorer in the liberal group 

compared to the survivors in the restrictive group.  

Whereas Conlon et al. found that higher Hb levels at discharge correlated with a 

positive change of QoL scores from pre-fracture up to 60 days after surgery in elderly hip 

arthroplasty patients [84], we found no similar association between RBC transfusion 

strategies and OQoL. The observation that more nursing home residents survived in the 

liberal transfusion group compared to the restrictive transfusion group may have influenced 

OQoL measurement negatively, since we assumed that patients given liberal transfusions 

were the frailest residents who would have died with a restrictive strategy. Consequently, 

frailty was more prevalent in the liberal transfusion group. Also, we found that frailty was 

associated with lower OQoL. Hence, we were unable to demonstrate an association between 

transfusion strategies and OQoL.  

Studies in older patients have demonstrated associations between chronic anemia 

and health-related QoL (HRQoL) [77,15,32]. In chronically anemic elderly patients, HRQoL 

is diminished in nursing home residents compared to the general population [76]. Also, Lucca 

et al. found that frail nursing home residents reported a lower HRQoL than non-frail residents 

[77] - as we found in our study. Elderly long-term care residents with values of Hb < 6.2 

mmol/L (10 g/L) have a significantly lower HRQoL than residents with Hb > 8.1 mmol/L (13 

g/dL) [15,31,32]. It is questionable, however, whether the impact of acute and chronic 

anemias on OQoL are comparable. Acute anemia is associated with blood loss, e.g. in 

relation to hip fracture surgery, whereas chronic anemia is prevalent in older patients due to 

frailty and comorbidities.     

Recovery of ADL from 30 days until 1 year after hip fracture surgery was increased 

by liberal transfusions, as compared to the restrictive strategy. However, this applied only to 

surviving patients who were able to complete the DL questionnaire. Previous studies 

indicated that patients with anemia show a lower rate of recovery from physical disability 

compared to those with normal Hb levels [22,23].   

At the 1-year follow-up most patients of both groups did not regain their ADL-levels 

prior to fracture. Ortiz-Alonso et al. found similarly that 1 year after hip fracture, almost 50% 

of patients did not regain their prefracture ADL status, and the most elderly (≥ 85 years) 

required an extended time to recover, owing to slowly returning to homeostasis or acute 
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medical problems [58]. Beaupre et al. found, too, that functional physical status decreased for 

nursing home residents during the 12 months after hip fracture [59].  

OQoL progress and ADL recovery, from 30 days until 1 year, were independently 

associated. Studies in elderly hip fracture patients found, too, that physical measurements are 

highly correlated with HRQoL [85], and that patients with good mobility produced 

significantly better QoL scores than those with impaired mobility [86]. The relationship 

between OQoL and ADL recovery scores indicates that frail elderly need optimal 

rehabilitation both in hospital and after discharge to improve their OQoL, even though their 

potential for OQoL improvement remains rather low. Home rehabilitation programs have 

been shown to re-establish the physical function of elderly more rapidly after hip fracture 

surgery, with long-term positive effects on both ADL-independence and HRQoL [203].  

Hip fracture has a long-term impact on HRQoL and is a strong predictor of 

worsened physical health [204].   A Short Form-36 (SF-36) is used by most studies reporting 

HRQoL and Hb levels [85]. Most of our patients were frail at baseline, leading to very low 

physical capacity after hip fracture surgery. With regard to HRQoL, nursing home residents 

in general score worse on physical functioning and best on social functioning [76], as we also 

found in our subscale analyses. 

 

Generalizability and frailty 

Patient frailty has not been the issue for the previous RCTs examining RBC transfusion 

strategies, despite the fact that frailty among nursing home residents is well-known, and 

anemia in nursing homes residents is related to 90-day mortality [35]. Nursing home residents 

generally require continual care and generally manifest other significant deficiencies in, e.g. 

ADL and cognition [40,205,206]. Previously we have reported that 23% of HF patients aged 

≥ 65 years reside in nursing homes [3]. Nursing homes exist throughout the world, and their 

residents are easy to identify from their home addresses.  

From the very beginning our aim was to include the nursing home residents only, as 

the high mortality after hip fracture was almost exclusively determined by higher death rates 

among nursing home residents [3], but the Ethical Committee required inclusion of the 

sheltered housing residents as well. We therefore kept the two groups of residents separated 

at randomization to avoid potentially different levels of frailty confusing the results. 

No frailty index for elderly hip fracture patients was available. We used the CGA 

Frailty Index, which was originally validated in older surgical cancer patients, since we had 

access to almost all of its requested items. We considered it to be the best existing tool, but no 

validation was made in our population. Originally, the frailty index consists of six 
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components, but the depression item was not achievable in our study. It was not possible to 

assess patients’ mood at hospital admission due to the acute situation. The CGA Frailty Index 

matched according to short-term mortality on all the components with the exception of 

impaired cognition and malnutrition [150].  

Subsequently, the assessment by CGA Frailty index showed that a large proportion 

of the residents in sheltered housing were not frail. Some sheltered housing residents were 

just as frail as the nursing home residents and may have benefited from the liberal RBC 

strategy, and few residents from nursing homes were not frail. Therefore it was advantageous 

to include the sheltered housing residents in this study to uncover the differences in frailty 

according to type of residence. In the future, we need to find a quick and precise instrument 

for identifying patients who will benefit from the liberal RBC transfusion strategy. 

Pugely et al. suggest a simple risk score calculator to predict 30-day morbidity and 

mortality after hip fracture surgery. The tool was an internally validated method with the 

purpose of identifying high-risk patients and informing patients about operative risk. The 

predictors for major complications and mortality are age greater than 80 years, male gender, 

ADL-dependency preoperatively, active cancer, and ASA classes 3 and 4 [207]. Furthermore, 

Laulund et al. found that the biomarkers low Hb, low total leukocyte count, low albumin, and 

high creatinine at admission are valid predictors of mortality in hip fracture patients [208]. 

We found the same results for identical biomarkers at admission, except for leukocytes. 

However, due to the quality of a multivariable logistic regression model, we were only able to 

enter one variable at a time into the model adjusting for RBC transfusion strategy. This needs 

to be further investigated in a large cohort study. 

 

Methodological considerations   

Strengths and limitations 

Observational studies do not take into account the large amount of potential confounders in 

transfusion and non-transfused patients. It could be argued that RBC transfusions themselves 

are markers of the severity of illness that cannot be adjusted for by a multivariate analysis. 

Therefore the experimental element of random allocation to an intervention is needed in the 

frail elderly with a high prevalence of comorbidities, physical impairments, and many other 

possible confounders. All patients in our RCT study received the same orthogeriatric 

approach except with regard to the number of RBC units. In addition to the randomized 

design, the major advantages in our study were that the blood tests were closely followed 

throughout the whole intervention period of 30 days, and the RBC transfusions were 
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accomplished within 24 hours; with the exception that transfusions were considered unethical 

in dying patients.  

 It has been argued that test of baseline homogeneity is philosophically unsound, of 

no practical value, and potentially misleading [209]. Even though the randomization process 

had been properly conducted, we tested the baseline homogeneity and found imbalance 

between groups in the baseline ‘age’ variable. Mean age in the liberal transfusion group was 

significantly higher than in the restrictive transfusion group. Due to the well-known fact that 

increasing age is highly associated with mortality, we tested the imbalance and found no 

association with physical recovery or mortality.  

 No selection bias intruded since daily assessments at the orthopedic ward continued 

for every hip fracture patient admitted from nursing homes or sheltered housing during the 

entire study period. Only 2.8% of patients in our study dropped-out compared to a pre-

calculated estimate of 10%. Shehata el al. recommend that studies assessing transfusion 

strategies should report adherence rate by physicians and patients, since it will affect the 

interpretation of outcomes if a high proportion of patients are not transfused according to the 

strategy [139]. In this study of high-risk cardiac surgery patients, adherence in an intensive 

care unit was 82% in the restrictive group vs. 69% in the liberal group. In the ward, 

adherence was 100% in the restrictive group vs. only 14% in the liberal group. Low 

adherence and no statistically significant difference in Hb levels may have the potential to 

negatively influence practice and study outcomes. In our TRIFE study the adherence rate was 

very high (94% in each strategy group).  

 The allocation of the participants and the Hb measures were blinded only for the 

outcome assessor, the participants, and their relatives. It was not possible to blind the health 

care professionals. Furthermore, even though it was planned that only one assessor tested 

each patient during follow-up, in some cases two assessors were involved in testing during 

follow-up (e.g. one at day 10 and the other at day 30) due to vacation or illness. This might 

have infected the results although we know that information bias would be equally distributed 

by the RCT design. 

 The sample size calculations on physical recovery were performed solely on the 

nursing home residents’ ADL performance 30 days after surgery without taken into account 

the prefracture measurements. Comparing baseline variables 10 days after surgery was our 

first idea outlined in the protocol (clinicaltrials.gov). We assumed that recovery from physical 

disability would quickly respond to the higher Hb level. However, we realized that repeated 

measurements during 90 days, including the prefracture MBI score, were a better and more 

precise outcome. It could be argued that our sample size including the non-frail sheltered 
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housing residents was not large enough to show any improvements, and it is questionable 

whether the thresholds interval in our study was large enough to show any differences. 

Elderly with healthy hearts and lungs in the restrictive transfusion group may have been 

treated as the population suited for a RBC transfusion threshold of 4.5 mmol/L (7.2 g/dL) 

according to the recommendation at that time.  

 We made post-hoc analysis to calculate sample size in mortality and infection 

outcomes. Based on a previous study from Denmark in which a liberal transfusion strategy in 

elderly hip fracture patients improved 30-day mortality compared to a restrictive strategy 

[72], we estimated that a total of 252 patients would be needed to be enrolled to obtain 85% 

statistical power. Considering the probability of subject resignation, we added 10% to the 

sample size, yielding a final required number of 277 patients. A post-hoc sample size 

calculation with 70% power based on risk of all serious infections, combined, showed that 

3075 patients were required in each group to prove no type II errors [143]. Unfortunately, it 

was impossible for us to recruit so many participants, and furthermore it was unethical to 

continue the recruitment of patients since the survival of the nursing home residents treated 

according to the liberal transfusion strategy improved. Nevertheless, our analyses showed no 

tendency at all, suggesting an increase in bacterial infections. 

 The sample size calculation was based upon the sum-scores of MBI and was 

therefore our first choice of tool. NMS and CAS measurements were presented in order to 

make our results comparable to studies using similar tools. MBI was a sensitive physical 

assessment tool and able to measure changes over time, although the items: eating, bowel 

control, and bladder control were of no relevance for the recovery aspect. The sum-scores of 

NMS and CAS were not able to measure physical changes in the frail elderly. Instead, 

transfer and walking ability were more relevant measurements. All measurements were 

accomplished prospectively; however, the assessor had to measure the prefracture level of 

physical performance retrospectively and recall bias were possible, when the patients and 

caregivers were asked to remember 3-4 weeks back in time. It might have infected the results, 

but we assume that the diversities were distributed equally. The physical ability 

measurements was set to zero at follow-up if the participant died, and this choice might be 

questionable when death was not distributed equally in the two groups. 

 Diagnosis of infection was assessed by the health care professionals at the hospital 

and the orthogeriatric team who were aware of patient allocation. The infection data were 

collected by the project manager and obtained from the patients’ medical charts. All the 

assessed infections were treated by antibiotics. Yet, there is no reason to believe that 

information bias is an important concern for this study. In the general treatment and care, the 
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health care providers did not give mush attention to the patients’ allocation, only when the Hb 

measurements were checked was the allocation important.  

 Baseline cognitive status was assessed with the MMSE; however, it represented a 

risk of overestimating the diagnosis of cognitive impairment in the acute situation, and 

therefore we also used the clinical cognitive evaluation undertaken by two independent 

healthcare professionals.  

The DL instrument is intended for measuring overall QoL in this specific group of 

frail elderly and is found reliable and responsive to changes. However, it was only applicable 

in patients with a MMSE score ≥ 5 who were not in a state of delirium. It meant that 35% of 

the survivors after 30 days were unable to reply or were unwilling to respond to the 

questionnaire. Therefore the analyses became underpowered and the OQoL in the very 

severely demented elderly remains unknown. Those who completed the DL questionnaire 

were the healthiest and least dependent on personal assistance in the study population. The 

response rate in hip fracture patients by Rohde et al. was only 52%, even though they 

excluded patients with confusion or dementia [74]. In another QoL study in nursing home 

residents, 60% were able to complete the assessing [81], which was similar to our response 

rate of 65%. Our study did not consider self-reports of pre-fracture OQoL, since we consider 

such retrospective reports to be unreliable. Nor did we perform pre-fracture proxy QoL-

ratings, owing to their very poor correlations with self-reports of cognitively impaired 

patients [79]. 

 

Ethical considerations 

Health care professionals want to deliver the most qualitative and appropriate treatment and 

want concurrently to practice ethically correct. However, in the elderly nursing home 

residents with limited life expectancy, it can be difficult to determine what is the most 

appropriate and ethical correct treatment. Decisional conflicts may occur, and physicians will 

continue to struggle with the dilemma of balancing the primacy of patient welfare, values, 

and beliefs against the desire for promising, but often minimally beneficial and harmful 

treatment by limited clinical resources. Despite these challenges, physicians should be able to 

prescribe systematic medication in their nursing home patients for whom this is consistent 

with the goals of care [210]. Living in nursing homes is considered to be the ‘last stop’ in life 

and sometimes the attitude of society and even in the residents’ relatives is that the frail 

elderly must be allowed to die without too much turbulence when acute disease occurs. 

However, in this project we found that most of the patients’ next of kin accepted signing of 
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the surrogate consent if the patient was cognitive impaired; only 6% refused. These next of 

kin obviously wanted their loved one to have the best treatment despite frailty. Furthermore, 

when surgical repair of a broken hip in the frail elderly patient has been decided upon and 

carried out, the following treatment should be completed according to comprehensive 

geriatric assessment and consequent intervention.  
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Conclusion 

 

A liberal RBC transfusion strategy with a hemoglobin threshold of 7 mmol/L (11.3 g/dL) 

within the first 30 postoperative days after hip fracture surgery in patients admitted from 

nursing homes and sheltered housing facilities 

 

1. did not improve ADL performance, ambulation, and mobility 10 days after hip 

fracture surgery, and did not improve the repeated measurements on Modified 

Barthel Index sum-scores preoperatively and three times during 90 postoperative 

days,  

 

2. reduced the incidence of deaths measured at 30-day (per-protocol), and reduced 90-

day mortality in the nursing home residents (intention-to-treat),  

 

3. did not increase the risk of treatment-required infections within 10 postoperative 

days, and did not increase the concentrations of leukocytes and C-reactive protein, 

measured in five repeated blood tests during 30 postoperative days,  

 
4. did not enhance overall QoL 30 days and 365 days after surgery but did improved 1-

year recovery of ADL, which was associated with better OQoL 

 

as compared to a restrictive strategy of 6 mmol/L (9.7 g/dL). 

 

------------------------------------ 

 

According to our Hb thresholds, the liberal RBC transfusion strategy seems to improve 

90-day survival in the most frail elderly hip fracture patients without increasing the risk 

of healthcare-associated infections or impairing physical recovery compared to a 

restrictive strategy. Even though we did not find better overall QoL in patients treated 

according to the liberal strategy, the liberal strategy seemed to improve recovery of 

physical performance within 1 year after hip fracture surgery and this was associated 

with a better overall QoL.  

 

We recommend that the guidelines for red blood cell transfusions in hip fracture 

patients should be reconsidered in favor of the frailest elderly. 
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Future aspects 

 

 

• A liberal RBC transfusion strategy combined with a comprehensive geriatric approach 

in frail elderly (e.g. nursing home residents) seems to be life-saving without reducing 

physical recovery, overall QoL, and without increasing risk of infections. Further 

important benefits need to be investigated.  

 

• It would be relevant to compare Hb targets with a larger discrepancy than in our study 

in order to examine the effect of the liberal RBC transfusion threshold at 7 mmol/L 

(11.3 g/dL) compared to the new restrictive transfusion threshold as low as 4.3 

mmol/L (7.0 g/dL) in patients with a stabile circulatory system and without heart 

disease, < 5.0 mmol/L (8 g/dL) in patients with chronic heart disease, and < 5.6 

mmol/L (9 g/dL) in patients with acute ischemic syndrome or life-threatening 

bleeding.  

 

• Frail elderly hip fracture patients with a high risk of mortality-associated 

complications should not be grouped with healthy elderly in studies targeted 

interventions to improve quality of geriatric treatment and care and determine 

sufficient rehabilitation.  

 

• Development and validation of a new ‘frailty index’ designed for the elderly hip 

fracture patients would seem desirable with the purpose of distinguishing the frail 

from the non-frail patients. This may be of use in orthopedic departments to easily 

identify the relevant patient who needs a transfusion of red blood cells.   
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Summary in English  
 

Hip fracture in the elderly is associated with poor recovery from physical disability and 

mortality. Perioperative blood loss is common, and anemia might be fatal in the frail elderly. 

Red blood cell transfusions might increase the risk of infection. In an observational study, a 

liberal transfusion strategy with hemoglobin (Hb) target of 7 mmol/L (11.3 g/dL) seemed to 

improve survival in nursing home residents with hip fracture compared to the recommended 

restrictive strategy with a Hb target of 6 mmol/L (9.7 g/dL) according to the Danish Health 

and Medicine Authority. Our aim was to compare these two strategies in the frail elderly in a 

randomized controlled trial on the outcomes:  recovery from physical disabilities, mortality, 

infection, infection biomarkers, and overall Quality of Life (OQoL). 

We included 284 elderly admitted to hospital for surgical hip fracture repair from 

nursing homes or sheltered housing facilities. The anemic patients were assigned 

postoperatively to the liberal or the restrictive transfusion strategy. Randomization divided 

each transfusion group into two equal blocks with regard to type of the residence. Hb was 

measured daily during the first 3 postoperative days, at least once during the following 4 to 6 

days, then at least once a week during the subsequent 3 weeks. The transfusions were 

administered according to group assignments, but no later than 24 hours after the Hb 

determination, one unit at a time, and no more than two units per day. The intervention lasted 

for 30 days after surgery. Outcome measurements were performed on days 10, 30, 90, and 

365. Blinded assessors evaluated physical performance and OQoL.  

The liberal transfusion strategy did not improve recovery from physical disabilities, 

mortality, infection rate, or OQoL compared to the restrictive strategy. However, in nursing 

home residents, 90-day mortality rate (20%) following the liberal strategy was statistically 

significantly lower than that (36%) after the restrictive strategy. Per protocol, the 30-day 

mortality rate was statistically significantly lower following the liberal strategy in all patients 

(7% versus 16%). No statistically significant difference was found in repeated leukocyte 

counts and C-reactive protein measurements, or in rate of all infections after 10 days (66% 

versus 72%). Physical recovery from 30 days until 1 year after hip fracture surgery was 

improved by the liberal strategy. A liberal strategy did not improve 30-day OQoL. Physical 

performance was improved from 30 days to 1 year after fracture in patients treated according 

to the liberal strategy and was associated with better progress of OQoL in the same period.  

We conclude that according to our used Hb thresholds, the liberal Hb target of 7 

mmol/L (11.3 g/dL) improves survival in the frailest elderly (the nursing home residents) 

without impairing recovery from physical disabilities and OQoL, or increasing risk of 

infections compared to the restrictive Hb target of 6 mmol/L  (9.7 g/dL). The liberal strategy 

seems to improve recovery of physical performance within 1 year after hip fracture surgery 

which was associated with better overall QoL. 
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Summary in Danish/ Dansk resumé  

 

Hoftefraktur hos ældre er associeret med forringet evne til at genvinde fysisk funktionsevne 

og dødelighed. Blodtab under og efter operation forekommer hyppigt og anæmi kan blive 

fatalt hos den skrøbelige ældre patient. I et observationelt studie har vi tidligere fundet, at en 

liberal transfusionsstrategi med en hæmoglobin (Hb) grænse på 7 mmol/L ser ud til at øge 

overlevelsen hos ældre fra plejebolig med hoftefraktur sammenlignet med 

Sundhedsstyrelsens restriktive strategi med en Hb grænse på 6 mmol/L. Vores mål var at 

sammenligne de to transfusionsstrategier hos de skrøbelige ældre i et klinisk randomiseret 

kontrolleret forsøg med effektmålene: restitution efter fysisk funktionsnedsættelse, 

dødelighed, infektion, biomarkører for infektion, og overordnet livskvalitet. 

Vi inkluderede 284 ældre med hoftebrud indlagt fra pleje- og ældrebolig til operativ 

behandling på hospitalet. De anæmiske patienter blev ved lodtrækning efter operationen 

fordelt til enten den liberale eller den restriktive transfusionsgruppe. Randomiseringen 

stratificerede hver transfusionsgruppe i to ens blokke i forhold til boligtype og køn. Gennem 

de første tre postoperative dage blev Hb målt dagligt, herefter mindst én gang de følgende fire 

til seks dage og mindst én gang om ugen de følgende tre uger. Blodtransfusion blev 

administreret ifølge gruppetildelingen senest 24 timer efter den aktuelle Hb måling, én 

portion ad gangen og ikke mere end to portioner om dagen. Interventionen varede frem til 30 

dage efter operation. Måling af effektparametrene blev udført på dag 10, 30, 90 og 365. To 

blindede observatører evaluerede den fysiske funktionsevne og den overordnede livskvalitet. 

Den liberale transfusionsstrategi forbedrede ikke den fysiske funktionsevne, 

overlevelsen, infektionsraten eller den overordnet livskvalitet i forhold til den restriktive 

strategi. Men hos ældre fra plejebolig var 90-dags dødeligheden (20%) statistisk signifikant 

lavere ved en liberal transfusionsgrænse end ved en restriktiv grænse (36%). Per protokol var 

30-dags dødeligheden statistisk signifikant lavere ved en liberal transfusionsstrategi end ved 

en restriktiv strategi målt hos alle patienter (7% versus 16%). Vi fandt ingen statistisk 

signifikant forskel ved de gentagne målinger af leukocytter og C-reaktiv protein i blodet eller 

ved infektionsraten efter 10 dage (66% versus 72%). En liberal strategi forbedrede ikke 

livskvaliteten efter 30 dage. Restitutionen efter fysisk funktionsnedsættelse blev forbedret fra 

dag 30 frem til et år efter frakturen ved en liberal strategi sammenlignet med en restriktiv 

strategi og var associeret med en fremgang i livskvalitet indenfor den samme periode.  

Vi konkluderer i forhold til vores anvendte transfusionsgrænser, at en Hb grænse på 

7 mmol/L øger overlevelsen hos de mest skrøbelige patienter (patienter fra plejebolig) uden at 

forringe den fysiske funktionsevne, den overordnede livskvalitet, og uden at øge risikoen for 

infektion sammenlignet med en restriktiv grænse på 6 mmol/L. En liberal strategi ser ud til at 

forbedre restitution efter fysisk funktionsnedsættelse indenfor et år efter hoftefraktur, hvilket 

er associeret med en fremgang i livskvalitet.  



 

 - 71 -

Reference List 

1. Ødum L, Hansen-Nord G, Gerdes U, Kjeldsen HC. Hæmoglobin, omregningsfaktorer. 

https://www.sundhed.dk/sundhedsfaglig/laegehaandbogen/undersoegelser-og-proever/klinisk-

biokemi/blodproever/haemoglobin/. Updated Januar/23 2014. 

2. Rudis MI, Jacobi J, Hassan E, Dasta JF. Managing anemia in the critically ill patient. Pharmacotherapy. 

2004;24(2I):229-247. 

3. Gregersen M, Morch MM, Hougaard K, Damsgaard EM. Geriatric intervention in elderly patients with hip 

fracture in an orthopedic ward. J Inj Violence Res. 2012;4(2):45-51. 

4. Gregersen M, Zintchouk D, Borris LC, Damsgaard EM. A geriatric multidisciplinary and tailor-made 

hospital-at-home method in nursing home residents with hip fracture. Geriatr Orthop Surg Rehabil. 

2011;2(4):148-154. 

5. Dansk Sygeplejeråd, Danske Fysioterapeuter, Dansk Ortopædisk Selskab. Referenceprogram for patienter 

med hoftefraktur. http://www.ortopaedi.dk/referenceprg/Referenceprogram.pdf. Updated 2008. Accessed 

October/16, 2008. 

6. Panula J, Pihlajamaki H, Mattila VM, et al. Mortality and cause of death in hip fracture patients aged 65 or 

older: A population-based study. BMC Musculoskelet Disord. 2011;12:105-2474-12-105. 

7. Gregersen M, Pedersen AB, Damsgaard EM. Comprehensive geriatric assessment increases 30-day survival 

in the aged acute medical inpatients. Dan Med J. 2012;59(6):A4442. 

8. Potter L, Moppett IK. Systematic review and meta-analysis of the influence of anaemia on mortality in hip 

fracture. Br J Anaesth. 2013;110(5):869p-870p. 

9. Doleman B, Potter L, Moppett I. Blood transfusion and outcome after hip fracture: Systematic review and 

meta-analysis. Br J Anaesth. 2014;112(1):190P-191P. 

10. Carson JL, Carless PA, Hebert PC. Transfusion thresholds and other strategies for guiding allogeneic red 

blood cell transfusion. Cochrane Database Syst Rev. 2012;4:CD002042. 

11. Penninx BW, Pahor M, Woodman RC, Guralnik JM. Anemia in old age is associated with increased 

mortality and hospitalization. J Gerontol A Biol Sci Med Sci. 2006;61(5):474-479. 

12. Artz A. The influence of older age on hemoglobin concentration and anemia prevalence. Int J Lab Hematol. 

2011;33:18-19. 

13. Onem Y, Terekeci H, Kucukardali Y, et al. Albumin, hemoglobin, body mass index, cognitive and 

functional performance in elderly persons living in nursing homes. Arch Gerontol Geriatr. 2010;50(1):56-59. 



 

 - 72 -

14. Resnick B, Sabol V, Galik E, Gruber-Baldini AL. The impact of anemia on nursing home residents. Clin 

Nurs Res. 2010;19(2):113-130. 

15. Bailey RA, Reardon G, Wasserman MR, McKenzie RS, Hord RS. Association of anemia with worsened 

activities of daily living and health-related quality of life scores derived from the minimum data set in long-term 

care residents. Health Qual Life Outcomes. 2012;10:129-7525-10-129. 

16. Maraldi C, Volpato S, Cesari M, et al. Anemia and recovery from disability in activities of daily living in 

hospitalized older persons. J Am Geriatr Soc. 2006;54(4):632-636. 

17. Zarychanski R, Houston DS. Clinical paradigms - anemia of chronic disease: A harmful disorder or an 

adaptive, beneficial response? CMAJ. 2008;179(4):333-337. 

18. Weiss G, Gordeuk VR. Benefits and risks of iron therapy for chronic anaemias. Eur J Clin Invest Suppl. 

2005;35(3):36-45. 

19. Izaks GJ, Westendorp RGJ. Reference values for anaemia in the elderly. Ned Tijdschr Geneeskd. 

2006;150(18):1002-1006. 

20. Toy P, Feiner J, Viele MK, Watson J, Yeap H, Weiskopf RB. Fatigue during acute isovolemic anemia in 

healthy, resting humans. Transfusion. 2000;40(4):457-460. 

21. NATA. Tissue oxygenation and blood transfusion. http://www.nataonline.com/np/439/tissue-oxygenation-

and-blood-transfusion. Updated 2000. Accessed Apr/02, 2014. 

22. Maraldi C, Ble A, Zuliani G, et al. Association between anemia and physical disability in older patients: 

Role of comorbidity. Aging Clin Exp Res. 2006;18(6):485-492. 

23. Foss NB, Kristensen MT, Kehlet H. Anaemia impedes functional mobility after hip fracture surgery. Age 

Ageing. 2008;37(2):173-178. 

24. Lawrence VA, Silverstein JH, Cornell JE, Pederson T, Noveck H, Carson JL. Higher Hb level is associated 

with better early functional recovery after hip fracture repair. Transfusion. 2003;43(12):1717-1722. 

25. Penninx BW, Pahor M, Cesari M, et al. Anemia is associated with disability and decreased physical 

performance and muscle strength in the elderly. J Am Geriatr Soc. 2004;52(5):719-724. 

26. Dharmarajan TS, Avula S, Norkus EP. Anemia increases risk for falls in hospitalized older adults: An 

evaluation of falls in 362 hospitalized, ambulatory, long-term care, and community patients. J Am Med Dir 

Assoc. 2006;7(5):287-293. 

27. Peters R, Burch L, Warner J, Beckett N, Poulter R, Bulpitt C. Haemoglobin, anaemia, dementia and 

cognitive decline in the elderly, a systematic review. BMC Geriatr. 2008;8:18-23. 



 

 - 73 -

28. Terekeci HM, Kucukardali Y, Onem Y, et al. Relationship between anaemia and cognitive functions in 

elderly people. Eur J Intern Med. 2010;21(2):87-90. 

29. Lucca U, Tettamanti M, Mosconi P, et al. Association of mild anemia with cognitive, functional, mood and 

quality of life outcomes in the elderly: The "health and anemia" study. PLoS One. 2008;3(4):e1920. 

30. Marcantonio ER, Goldman L, Orav EJ, Cook EF, Lee TH. The association of intraoperative factors with the 

development of postoperative delirium. Am J Med. 1998;105(5):380-384. 

31. Thein ME,William B., Artz AS, Tecson JR,Bruce E., Rothstein, Gerald Liede, Alexander Gylys-Colwell,Ina 

Lu, Z., John Robbins S. Diminished quality of life and physical function in community-dwelling elderly with 

anemia. Medicine. 2009;88(2):107-114. 

32. Lam JMC, Wodchis WP. The relationship of 60 disease diagnoses and 15 conditions to preference-based 

health-related quality of life in ontario hospital-based long-term care residents. Med Care. 2010;48(4):380-387. 

33. Rozzini R, Sabatini T, Cassinadri A, et al. Relationship between functional loss before hospital admission 

and mortality in elderly persons with medical illness. J Gerontol A Biol Sci Med Sci. 2005;60(9):1180-1183. 

34. Gruson KI, Aharonoff GB, Egol KA, Zuckerman JD, Koval KJ. The relationship between admission 

hemoglobin level and outcome after hip fracture. J Orthop Trauma. 2002;16(1):39-44. 

35. Berry SD, Samelson EJ, Bordes M, Broe K, Kiel DP. Survival of aged nursing home residents with hip 

fracture. J Gerontol A Biol Sci Med Sci. 2009;64(7):771-777. 

36. Carson JL, Noveck H, Berlin JA, Gould SA. Mortality and morbidity in patients with very low postoperative 

Hb levels who decline blood transfusion. Transfusion. 2002;42(7):812-818. 

37. Hebert PC, Wells G, Tweeddale M, et al. Does transfusion practice affect mortality in critically ill patients? 

Am J Respir Crit Care Med. 1997;155(5):1618-1623. 

38. Wu WC, Rathore SS, Wang Y, Radford MJ, Krumholz HM. Blood transfusion in elderly patients with acute 

myocardial infarction. N Engl J Med. 2001;345(17):1230-1236. 

39. Izaks GJ, Westendorp RG, Knook DL. The definition of anemia in older persons. JAMA.1999;281(18):1714-

1717. 

40. Monte-Secades R, Pena-Zemsch M, Rabunal-Rey R, Bal-Alvaredo M, Pazos-Ferro A, Mateos-Colino A. 

Risk factors for the development of medical complications in patients with hip fracture. Rev Calid Asist. 

2011;26(2):76-82. 

41. Ryg J, Rejnmark L, Overgaard S, Brixen K, Vestergaard P. Hip fracture patients at risk of second hip 

fracture: A nationwide population-based cohort study of 169,145 cases during 1977-2001. J Bone Miner Res. 

2009;24(7):1299-1307. 



 

 - 74 -

42. Nymark T, Lauritsen JM, Ovesen O, Rock ND, Jeune B. Decreasing incidence of hip fracture in the Funen 

county, Denmark. Acta Orthop. 2006;77(1):109-113. 

43. Vochteloo AJ, Borger van der Burg BL, Mertens B, et al. Outcome in hip fracture patients related to anemia 

at admission and allogeneic blood transfusion: An analysis of 1262 surgically treated patients. BMC 

Musculoskelet Disord. 2011;12:262-2474-12-262. 

44. Kumar D, Mbako AN, Riddick A, Patil S, Williams P. On admission haemoglobin in patients with hip 

fracture. Injury. 2011;42(2):167-170. 

45. Bjorkelund KB, Hommel A, Thorngren KG, Lundberg D, Larsson S. Factors at admission associated with 4 

months outcome in elderly patients with hip fracture. AANA J. 2009;77(1):49-58. 

46. Wang J, Jiang B, Marshall RJ, Zhang P. Arthroplasty or internal fixation for displaced femoral neck 

fractures: Which is the optimal alternative for elderly patients? A meta-analysis. Int Orthop. 2009;33(5):1179-

1187. 

47. Adunsky A, Lusky A, Arad M, Heruti RJ. A comparative study of rehabilitation outcomes of elderly hip 

fracture patients: The advantage of a comprehensive orthogeriatric approach. J Gerontol A Biol Sci Med Sci. 

2003;58(6):542-547. 

48. Halm EA, Wang JJ, Boockvar K, Penrod J, Silberzweig SB, Magaziner J, Koval KJ, Siu AL. Effects of 

blood transfusion on clinical and functional outcomes in patients with hip fracture. Transfusion. 

2003;43(10):1358-1365. 

49. Izuel Rami M, Garcia Erce JA, Gomez-Barrera M, Cuenca Espierrez J, Abad Sazatornil R, Rabanaque 

Hernandez MJ. Relationship between allogeneic blood transfusion, iron deficiency and nosocomial infection in 

patients with hip fracture. Med Clin (Barc). 2008;131(17):647-652. 

50. Petersen MB, Jorgensen HL, Hansen K, Duus BR. Factors affecting postoperative mortality of patients with 

displaced femoral neck fracture. Injury. 2006;37(8):705-711. 

51. Dai Z, Li Y, Jiang D. Meta-analysis comparing arthroplasty with internal fixation for displaced femoral neck 

fracture in the elderly. J Surg Res. 2011;165(1):68-74. 

52. Eschbach DA, Oberkircher L, Bliemel C, Mohr J, Ruchholtz S, Buecking B. Increased age is not associated 

with higher incidence of complications, longer stay in acute care hospital and in hospital mortality in geriatric 

hip fracture patients. Maturitas. 2013;74(2):185-189. 

53. Lee KH, Ha YC, Lee YK, Kang H, Koo KH. Frequency, risk factors, and prognosis of prolonged delirium in 

elderly patients after hip fracture surgery. Clin Orthop Relat Res. 2011;469(9):2612-2620. 

54. Dillon MF, Collins D, Rice J, Murphy PG, Nicholson P, Mac Elwaine J. Preoperative characteristics identify 

patients with hip fractures at risk of transfusion. Clin Orthop Relat Res. 2005;439:201-206. 



 

 - 75 -

55. Fisher L, Fisher A, Pavli P, Davis M. Perioperative acute upper gastrointestinal haemorrhage in older 

patients with hip fracture: Incidence, risk factors and prevention. Aliment Pharmacol Ther. 2007;25(3):297-308. 

56. Manning BJ, O'Brien N, Aravindan S, Cahill RA, McGreal G, Redmond HP. The effect of aspirin on blood 

loss and transfusion requirements in patients with femoral neck fractures. Injury. 2004;35(2):121-124. 

57. Halm EA, Wang JJ, Boockvar K, et al. The effect of perioperative anemia on clinical and functional 

outcomes in patients with hip fracture. J Orthop Trauma. 2004;18(6):369-374. 

58. Ortiz-Alonso FJ, Vidan-Astiz M, Alonso-Armesto M, et al. The pattern of recovery of ambulation after hip 

fracture differs with age in elderly patients. J Gerontol A Biol Sci Med Sci. 2012;67(6):690-697. 

59. Beaupre LA, Jones CA, Johnston DW, Wilson DM, Majumdar SR. Recovery of function following a hip 

fracture in geriatric ambulatory persons living in nursing homes: Prospective cohort study. J Am Geriatr Soc. 

2012;60(7):1268-1273. 

60. Thorngren KG, Norrman PO, Hommel A, Cedervall M, Thorngren J, Wingstrand H. Influence of age, sex, 

fracture type and pre-fracture living on rehabilitation pattern after hip fracture in the elderly. Disabil Rehabil. 

2005;27(18-19):1091-1097. 

61. Cornwall R, Gilbert MS, Koval KJ, Strauss E, Siu AL. Functional outcomes and mortality vary among 

different types of hip fractures: A function of patient characteristics. Clin Orthop Relat Res. 2004;(425)(425):64-

71. 

62. Koval KJ, Skovron ML, Aharonoff GB, Zuckerman JD. Predictors of functional recovery after hip fracture 

in the elderly. Clin Orthop Relat Res. 1998;(348)(348):22-28. 

63. Juliebo V, Krogseth M, Skovlund E, Engedal K, Wyller TB. Medical treatment predicts mortality after hip 

fracture. J Gerontol A Biol Sci Med Sci. 2010;65(4):442-449. 

64. Pioli G, Lauretani F, Davoli ML, et al. Older people with hip fracture and IADL disability require earlier 

surgery. J Gerontol A Biol Sci Med Sci. 2012;67(11):1272-1277. 

65. Penrod JD, Litke A, Hawkes WG, et al. The association of race, gender, and comorbidity with mortality and 

function after hip fracture. J Gerontol A Biol Sci Med Sci. 2008;63(8):867-872. 

66. Soderqvist A, Miedel R, Ponzer S, Tidermark J. The influence of cognitive function on outcome after a hip 

fracture. J Bone Joint Surg Am. 2006;88(10):2115-2123. 

67. Rolland Y, Pillard F, Lauwers-Cances V, Busquere F, Vellas B, Lafont C. Rehabilitation outcome of elderly 

patients with hip fracture and cognitive impairment. Disabil Rehabil. 2004;26(7):425-431. 

68. Huusko TM, Karppi P, Avikainen V, Kautiainen H, Sulkava R. Randomised, clinically controlled trial of 

intensive geriatric rehabilitation in patients with hip fracture: Subgroup analysis of patients with dementia. BMJ. 

2000;321(7269):1107-1111. 



 

 - 76 -

69. Kristensen MT. Factors affecting functional prognosis of patients with hip fracture. Eur J Phys Rehabil Med. 

2011;47(2):257-264. 

70. Haentjens P, Magaziner J, Colon-Emeric CS, et al. Meta-analysis: Excess mortality after hip fracture among 

older women and men. Ann Intern Med. 2010;152(6):380-390. 

71. Gjertsen JE, Vinje T, Engesaeter LB, et al. Internal screw fixation compared with bipolar hemiarthroplasty 

for treatment of displaced femoral neck fractures in elderly patients. J Bone Joint Surg Am. 2010;92(3):619-628. 

72. Foss NB, Kristensen MT, Jensen PS, Palm H, Krasheninnikoff M, Kehlet H. The effect of liberal versus 

restrictive transfusion tresholds on ambulation after hip fracture surgery. Transfusion. 2009;49:227-234. 

73. Hagsten B, Svensson O, Gardulf A. Health-related quality of life and self-reported ability concerning ADL 

and IADL after hip fracture: A randomized trial. Acta Orthop. 2006;77(1):114-119. 

74. Rohde G, Haugeberg G, Mengshoel A, Moum T, Wahl AK. Is global quality of life reduced before fracture 

in patients with low-energy wrist or hip fracture? A comparison with matched controls. Health Qual Life 

Outcomes. 2008;6. 

75. Blomfeldt R, Tornkvist H, Ponzer S, Soderqvist A, Tidermark J. Internal fixation versus hemiarthroplasty 

for displaced fractures of the femoral neck in elderly patients with severe cognitive impairment. J Bone Jt Surg 

Ser B. 2005;87(4):523-529. 

76. Drageset J, Natvig GK, Eide GE, et al. Differences in health-related quality of life between older nursing 

home residents without cognitive impairment and the general population of norway. J Clin Nurs. 

2008;17(9):1227-1236. 

77. Kanwar A, Singh M, Lennon R, Ghanta K, McNallan SM, Roger VL. Frailty and health-related quality of 

life among residents of long-term care facilities. J Aging Health. 2013;25(5):792-802. 

78. Thorgrimsen L, Selwood A, Spector A, et al. Whose quality of life is it anyway? The validity and reliability 

of the quality of life-Alzheimer's disease (QoL-AD) scale. Alzheimer Dis Assoc Disord. 2003;17(4):201-208. 

79. Spector A, Orrell M. Quality of life (QoL) in dementia: A comparison of the perceptions of people with 

dementia and care staff in residential homes. Alzheimer Dis Assoc Disord. 2006;20(3):160-165. 

80. Gerritsen D, Steverink N, Ooms M, de Vet H, Ribbe M. Measurement of overall quality of life in nursing 

homes through self-report: The role of cognitive impairment. Quality of Life Research. 2007;16(6):1029-1037. 

81. Kane RA, Kling KC, Bershadsky B, et al. Quality of life measures for nursing home residents. J Gerontol A 

Biol Sci Med Sci. 2003;58(3):240-248. 

82. Hoe J, Hancock G, Livingston G, Orrell M. Quality of life of people with dementia in residential care 

homes. Br J Psychiatry. 2006;188:460-464. 



 

 - 77 -

83. So-Osman C, Nelissen R, Brand R, et al. The impact of a restrictive transfusion trigger on post-operative 

complication rate and well-being following elective orthopaedic surgery: A post-hoc analysis of a randomised 

study. Blood Transfusion. 2013;11(2):289-295. 

84. Conlon NP, Bale EP, Herbison GP, McCarroll M. Postoperative anemia and quality of life after primary hip 

arthroplasty in patients over 65 years old. Anesthesia & Analgesia. 2008;106(4):1056-1061. 

85. Hall SE, Williams JA, Senior JA, Goldswain PRT, Criddle RA. Hip fracture outcomes: Quality of life and 

functional status in older adults living in the community. Aust New Zealand J Med. 2000;30(3):327-332. 

86. Tidermark J, Zethraeus N, Svensson O, Törnkvist H, Ponzer S. Femoral neck fractures in the elderly: 

Functional outcome and quality of life according to EuroQol. Quality of Life Research. 2002;11(5):473-481. 

87. Haleem S, Lutchman L, Mayahi R, Grice JE, Parker MJ. Mortality following hip fracture: Trends and 

geographical variations over the last 40 years. Injury. 2008;39(10):1157-1163. 

88. Stenvall M, Olofsson B, Nyberg L, Lundström M, Gustafson Y. Improved performance in activities of daily 

living and mobility after a multidisciplinary postoperative rehabilitation in older people with femoral neck 

fracture: A randomized controlled trial with 1-year follow-up. J Rehab Med: official journal of the UEMS 

European Board of Physical and Rehabilitation Medicine. 2007;39(3):232-238. 

89. Foss NB, Kehlet H. Mortality analysis in hip fracture patients: Implications for design of future outcome 

trials. Br J Anaesth. 2005;94(1):24-29. 

90. Roche JJ, Wenn RT, Sahota O, Moran CG. Effect of comorbidities and postoperative complications on 

mortality after hip fracture in elderly people: Prospective observational cohort study. BMJ. 

2005;331(7529):1374. 

91. Johnston P, Wynn-Jones H, Chakravarty D, Boyle A, Parker MJ. Is perioperative blood transfusion a risk 

factor for mortality or infection after hip fracture? J Orthop Trauma. 2006;20(10):675-679. 

92. de Luise C, Brimacombe M, Pedersen L, Sorensen HT. Comorbidity and mortality following hip fracture: A 

population-based cohort study. Aging Clin Exp Res. 2008;20(5):412-418. 

93. Farahmand BY, Michaelsson K, Ahlbom A, Ljunghall S, Baron JA, Swedish Hip Fracture Study Group. 

Survival after hip fracture. Osteoporos Int. 2005;16(12):1583-1590. 

94. Empana J, Dargent-Molina P, Breart G. Effect of hip fracture on mortality in elderly women: The EPIDOS 

prospective study. J Am Geriatr Soc. 2004;52(5):685-690. 

95. Holvik K, Ranhoff AH, Martinsen MI, Solheim LF. Predictors of mortality in older hip fracture inpatients 

admitted to an orthogeriatric unit in Oslo, Norway. J Aging Health. 2010;22(8):1114-1131. 

96. Pioli G, Frondini C, Lauretani F, et al. Time to surgery and rehabilitation resources affect outcomes in 

orthogeriatric units. Arch Gerontol Geriatr. 2012;55(2):316-322. 



 

 - 78 -

97. Kompetencecenter for Epidemiologi og Biostatistik, Nord. Dansk transfusionsdatabase. årsrapport 2013. 

https://www.sundhed.dk/sundhedsfaglig/kvalitet/kliniske-kvalitetsdatabaser/specifikke-

procedurer/transfusionsdatabase/. Updated 2013. Accessed May/14, 2014. 

98. Heinonen M, Karppi P, Huusko T, Kautiainen H, Sulkava R. Post-operative degree of mobilization at two 

weeks predicts one-year mortality after hip fracture. Aging Clin Exp Res. 2004;16(6):476-480. 

99. Bentler SE, Liu L, Obrizan M, et al. The aftermath of hip fracture: Discharge placement, functional status 

change, and mortality. Am J Epidemiol. 2009;170(10):1290-1299. 

100. Holt G, Smith R, Duncan K, Hutchison JD, Gregori A. Gender differences in epidemiology and outcome 

after hip fracture: Evidence from the scottish hip fracture audit. J Bone Joint Surg Br. 2008;90(4):480-483. 

101. Kannegaard PN, van der Mark S, Eiken P, Abrahamsen B. Excess mortality in men compared with women 

following a hip fracture. National analysis of comedications, comorbidity and survival. Age Ageing. 

2010;39(2):203-209. 

102. Neuhaus V, King J, Hageman MG, Ring DC. Charlson comorbidity indices and in-hospital deaths in 

patients with hip fractures. Clin Orthop Relat Res. 2013;471(5):1712-1719. 

103. Potter LJ, Doleman B, Moppett IK. A systematic review of pre-operative anaemia and blood transfusion in 

patients with fractured hips. Anaesthesia. 2015;70(4):483-500. 

104. Bellelli G, Frisoni GB, Turco R, Trabucchi M. Depressive symptoms combined with dementia affect 12-

months survival in elderly patients after rehabilitation post-hip fracture surgery. Int J Geriatr Psychiatry. 

2008;23(10):1073-1077. 

105. Lin WP, Wen CJ, Jiang CC, Hou SM, Chen CY, Lin J. Risk factors for hip fracture sites and mortality in 

older adults. J Trauma. 2011;71(1):191-197. 

106. Moja L, Piatti A, Pecoraro V, et al. Timing matters in hip fracture surgery: Patients operated within 48 

hours have better outcomes. A meta-analysis and meta-regression of over 190,000 patients. PLoS One. 

2012;7(10):e46175. 

107. Daugaard CL, Jorgensen HL, Riis T, Lauritzen JB, Duus BR, van der Mark S. Is mortality after hip fracture 

associated with surgical delay or admission during weekends and public holidays? A retrospective study of 

38,020 patients. Acta Orthop. 2012;83(6):609-613. 

108. O'Hara DA, Duff A, Berlin JA, et al. The effect of anesthetic technique on postoperative outcomes in hip 

fracture repair. Anesthesiology. 2000;92(4):947-957. 

109. Frost SA, Nguyen ND, Black DA, Eisman JA, Nguyen TV. Risk factors for in-hospital post-hip fracture 

mortality. Bone. 2011;49(3):553-558. 



 

 - 79 -

110. Schaller F, Sidelnikov E, Theiler R, et al. Mild to moderate cognitive impairment is a major risk factor for 

mortality and nursing home admission in the first year after hip fracture. Bone. 2012;51(3):347-352. 

111. Gramm J, Smith S, Gamelli RL, Dries DJ. Effect of transfusion on oxygen transport in critically ill patients. 

Shock. 1996;5(3):190-193. 

112. Hebert PC. Red cell transfusion strategies in the ICU. transfusion requirements in critical care investigators 

and the canadian critical care trials group. Vox Sang. 2000;78 Suppl 2:167-177. 

113. Gul A, Sambandam S, Shanbhag V, Morgan G. Transfusion requirements in hip fractures: Analysis of 

predictive factors. Eur J Orthop Surg Traumatol. 2007;17(1):71-75. 

114. Madsen CM, Jorgensen HL, Norgaard A, et al. Preoperative factors associated with red blood cell 

transfusion in hip fracture patients. Arch Orthop Trauma Surg. 2014;134(3):375-382. 

115. Marik PE, Corwin HL. Efficacy of red blood cell transfusion in the critically ill: A systematic review of the 

literature. Crit Care Med. 2008;36(9):2667-2674. 

116. Blajchman MA. Immunomodulation and blood transfusion. Am J Ther. 2002;9(5):389-395. 

117. Carson JL, Altman DG, Duff A, et al. Risk of bacterial infection associated with allogeneic blood 

transfusion among patients undergoing hip fracture repair. Transfusion. 1999;39(7):694-700. 

118. Chang H, Hall GA, Geerts WH, Greenwood C, McLeod RS, Sher GD. Allogeneic red blood cell 

transfusion is an independent risk factor for the development of postoperative bacterial infection. Vox Sang. 

2000;78(1):13-18. 

119. Taylor RW, Manganaro L, O'Brien J, Trottier SJ, Parkar N, Veremakis C. Impact of allogenic packed red 

blood cell transfusion on nosocomial infection rates in the critically ill patient. Crit Care Med. 

2002;30(10):2249-2254. 

120. Taylor RW, O'Brien J, Trottier SJ, et al. Red blood cell transfusions and nosocomial infections in critically 

ill patients. Crit Care Med. 2006;34(9):2302-8. 

121. Weber WP, Zwahlen M, Reck S, et al. The association of preoperative anemia and perioperative allogeneic 

blood transfusion with the risk of surgical site infection. Transfusion. 2009;49(9):1964-1970. 

122. Engoren M, Mitchell E, Perring P, Sferra J. The effect of erythrocyte blood transfusions on survival after 

surgery for hip fracture. J Trauma. 2008;65(6):1411-1415. 

123. Yun JJ, Helm RE, Kramer RS, et al. Limited blood transfusion does not impact survival in octogenarians 

undergoing cardiac operations. Ann Thorac Surg. 2012;94(6):2038-2045. 



 

 - 80 -

124. Park DW, Chun B-, Kwon S-, et al. Red blood cell transfusions are associated with lower mortality in 

patients with severe sepsis and septic shock: A propensity-matched analysis. Crit Care Med. 2012;40(12):3140-

3145. 

125. Carson JL, Duff A, Poses RM, et al. Effect of anaemia and cardiovascular disease on surgical mortality and 

morbidity. Lancet. 1996;348(9034):1055-1060. 

126. Kadar A, Chechik O, Katz E, et al. The effects of 'old' red blood cell transfusion on mortality and morbidity 

in elderly patients with hip fractures-A retrospective study. Injury. 2013;44(6):747-750. 

127. Baskett TF. James Blundell: The first transfusion of human blood. Resuscitation. 2002;52(3):229-233. 

128. Bush RL, Pevec WC, Holcroft JW. A prospective, randomized trial limiting perioperative red blood cell 

transfusions in vascular patients. Am J Surg. 1997;174(2):143-148. 

129. Bracey AW, Radovancevic R, Riggs SA, et al. Lowering the hemoglobin threshold for transfusion in 

coronary artery bypass procedures: Effect on patient outcome. Transfusion. 1999;39(10):1070-1077. 

130. Carson JL, Terrin ML, Barton FB, et al. A pilot randomized trial comparing symptomatic vs. hemoglobin-

level- driven red blood cell transfusions following hip fracture. Transfusion. 1998;38(6):522-529. 

131. Hebert PC, Wells G, Blajchman MA, et al. A multicenter, randomized, controlled clinical trial of 

transfusion requirements in critical care. New Engl J Med. 1999;340(6):409-417. 

132. Lotke PA, Barth P, Garino JP, Cook ER. Predonated autologous blood transfusions after total knee 

arthroplasty: Immediate versus delayed administration. J Arthroplasty. 1999;14(6):647-650. 

133. Hebert PC, Yetisir E, Martin C, et al. Is a low transfusion threshold safe in critically ill patients with 

cardiovascular diseases? Crit Care Med. 2001;29(2):227-234. 

134. Lacroix J, Hebert PC, Hutchison JS, et al. Transfusion strategies for patients in pediatric intensive care 

units. New Engl J Med. 2007;356(16):1609-1619. 

135. So-Osman C, Nelissen R, Te Slaa R, Coene L, Brand R, Brand A. A randomized comparison of transfusion 

triggers in elective orthopaedic surgery using leucocyte-depleted red blood cells. Vox Sang. 2010;98(1):56-64. 

136. Hajjar LA, Vincent JL, Galas FR, et al. Transfusion requirements after cardiac surgery: The TRACS 

randomized controlled trial. JAMA. 2010;304(14):1559-1567. 

137. Carson JL, Terrin ML, Noveck H, et al. Liberal or restrictive transfusion in high-risk patients after hip 

surgery. N Engl J Med. 2011;365(26):2453-2462. 

138. Villanueva C, Colomo A, Bosch A, et al. Transfusion strategies for acute upper gastrointestinal bleeding.   

N Engl J Med. 2013;368(1):11-21. 



 

 - 81 -

139. Shehata N, Burns LA, Nathan H, et al. A randomized controlled pilot study of adherence to transfusion 

strategies in cardiac surgery. Transfusion. 2012;52(1):91-99. 

140. Holst LB, Haase N, Wetterslev J, et al. Lower versus higher hemoglobin threshold for transfusion in septic 

shock. N Engl J Med. 2014;371(15):1381-1391. 

141. Pinheiro de Almeida J, Vincent J-, Barbosa Gomes Galas FR, et al. Transfusion requirements in surgical 

oncology patients: A prospective, randomized controlled trial. Anesthesiology. 2015;122:29-38. 

142. Grover M, Talwalkar S, Casbard A, et al. Silent myocardial ischaemia and haemoglobin concentration: A 

randomized controlled trial of transfusion strategy in lower limb arthroplasty. Vox Sang. 2006;90(2):105-112. 

143. Rohde JM, Dimcheff DE, Blumberg N, et al. Health care-associated infection after red blood cell 

transfusion: A systematic review and meta-analysis. JAMA. 2014;311(13):1317-1326. 

144. Pitkala KH, Laurila JV, Strandberg TE, Tilvis RS. Prognostic significance of delirium in frail older people. 

Dement Geriatr Cogn Disord. 2005;19(2-3):158-163.. 

145. Marcantonio ER, Flacker JM, Michaels M, Resnick NM. Delirium is independently associated with poor 

functional recovery after hip fracture. J Am Geriatr Soc. 2000;48(6):618-624. 

146. Carson JL, Brooks MM, Abbott JD, et al. Liberal versus restrictive transfusion thresholds for patients with 

symptomatic coronary artery disease. Am Heart J. 2013;165(6):964-971. 

147. Saxton, Adrienne V, Vic. Preoperative frailty and quality of life as predictors of postoperative 

complications. Ann Surg. 2011;253(6):1223-1229. 

148. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: Evidence for a phenotype. J Gerontol A Biol 

Sci Med Sci. 2001;56(3):M146-56. 

149. Ensrud KE, Ewing SK, Taylor BC, et al. Frailty and risk of falls, fracture, and mortality in older women: 

The study of osteoporotic fractures. J Gerontol A Biol Sci Med Sci. 2007;62(7):744-751. 

150. Kristjansson SR, Ronning B, Hurria A, et al. A comparison of two pre-operative frailty measures in older 

surgical cancer patients. J Geriatr Oncol. 2012;3(1):1-7. 

151. Makary MA, Segev DL, Pronovost PJ, et al. Frailty as a predictor of surgical outcomes in older patients. J 

Am Coll Surg. 2010;210(6):901-908. 

152. Salpeter SR, Buckley JS, Chatterjee S. Impact of more restrictive blood transfusion strategies on clinical 

outcomes: A meta-analysis and systematic review. Am J Med. 2014;127(2):124-131. 

153. Ranhoff AH, Holvik K, Martinsen MI, Domaas K, Solheim LF. Older hip fracture patients: Three groups 

with different needs. BMC Geriatr. 2010;10:65-2318-10-65. 



 

 - 82 -

154. Beck AM, Damkjær K, El Kholy K, Schroll M. Plejetyngden af ældre danskere på plejehjem. Ugeskr 

Laeger. 2008;170(9):749-752. 

155. Harris IA, Yong S, McEvoy L, Thorn L. A prospective study of the effect of nursing home residency on 

mortality following hip fracture. ANZ J Surg. 2010;80(6):447-450. 

156. Gregersen M, Zintchouk D, Hougaard K, et al. Interdisciplinary geriatric intervention among nursing home 

residents with hip fracture reduces mortality]. Ugeskr Laeger. 2010;172(25):1902-1907. 

157. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO framework to improve 

searching PubMed for clinical questions. BMC Med Inform Decis Mak. 2007;7:16. 

158. Sundhedsstyrelsen. Vejledning nr. 10333 om blodtransfusion. 

http://www.sst.dk/Tilsyn/Transfusionsmedicin. Updated 2008. Accessed december/20, 2007. 

159. Cable RG. Hemoglobin determination in blood donors. Transfus Med Rev. 1995;9(2):131-144. 

160. Blodcenter Midt. Transfusion af blodkomponenter. http://e-

dok.rm.dk/edok/Admin/GUI.nsf/Desktop.html?open&openlink=http://e-

dok.rm.dk/edok/enduser/portal.nsf/Main.html?open&unid=XC0F4EC893DB3B6AEC1257AC2004BDF0C&db

path=/edok/editor/BLOD.nsf/&windowwidth=1100&windowheight=600&windowtitle=S%F8g. Updated 2013. 

Accessed April/03. 

161. E A Kørner, L Lauritzen, F M Nilsson, A Wang, P Christensen, A Lolk. Mini mental state examination - 

validering af en ny dansk udgave. Ugeskr Laeger. 2008;170(9):945. 

162. Wei LA, Fearing MA, Sternberg EJ, Inouye SK. The confusion assessment method: A systematic review of 

current usage. J Am Geriatr Soc. 2008;56(5):823-830. 

163. Hammond MF, O'Keeffe ST, Barer DH. Development and validation of a brief observer-rated screening 

scale for depression in elderly medical patients. Age Ageing. 2000;29(6):511-515. 

164. Charlson M.E, Pompei P, Ales K.L., MacKenzie R.C. A new method of classifying prognostic comorbidity 

in longitudinal studies: Development and validation. J Chronic Dis. 1987;40(5):373-383. 

165. Kirkland LL, Kashiwagi DT, Burton MC, Cha S, Varkey P. The Charlson comorbidity index score as a 

predictor of 30-day mortality after hip fracture surgery. Am J Med Qual. 2011;26(6):461-467. 

166. Hocking C, Williams M, Broad J, Baskett J. Sensitivity of Shah, Vanclay and Cooper's modified barthel 

index. Clinical Rehabilitation. 1999;13(2):141-147. 

167. Foss NB, Kristensen MT, Kehlet H. Prediction of postoperative morbidity, mortality and rehabilitation in 

hip fracture patients: The cumulated ambulation score. Clin Rehabil. 2006;20(8):701-708. 



 

 - 83 -

168. Kristensen MT, Jakobsen TL, Nielsen JW, Jorgensen LM, Nienhuis RJ, Jonsson LR. Cumulated 

ambulation score to evaluate mobility is feasible in geriatric patients and in patients with hip fracture. Dan Med 

J. 2012;59(7):A4464. 

169. Parker MJ, Palmer CR. A new mobility score for predicting mortality after hip fracture. J Bone Joint Surg 

Br. 1993;75(5):797-798. 

170. Kristensen MT, Bandholm T, Foss NB, Ekdahl C, Kehlet H. High inter-tester reliability of the new 

mobility score in patients with hip fracture. J Rehabil Med. 2008;40(7):589-591. 

171. World Health Organisation. International statistical classification of diseases and related health problems 

10th revision. http://apps.who.int/classifications/icd10/browse/2010/en#/S70-S79. Updated 2010. 

172. Gregersen M, Jordansen MM, Gerritsen DL. Overall quality of life (OQoL) questionnaire in frail elderly: A 

study of reproducibility and responsiveness of the depression list (DL). Arch Gerontol Geriatr. 2015;60:22-27. 

173. Adunsky A, Arad M, Levi R, Blankstein A, Zeilig G, Mizrachi E. Five-year experience with the 'sheba' 

model of comprehensive orthogeriatric care for elderly hip fracture patients. Disabil Rehabil. 2005;27(18-

19):1123-1127. 

174. Chong C, Christou J, Fitzpatrick K, Wee R, Lim WK. Description of an orthopedic-geriatric model of care 

in Australia with 3 years data. Geriatr Gerontol Int. 2008;8(2):86-92. 

175. Kammerlander C, Roth T, Friedman SM, et al. Ortho-geriatric service-a literature review comparing 

different models. Osteoporosis Int. 2010;21(SUPPL. 4):S637; S646. 

176. Vidan M, Serra JA, Moreno C, Riquelme G, Ortiz J. Efficacy of a comprehensive geriatric intervention in 

older patients hospitalized for hip fracture: A randomized, controlled trial. J Am Geriatr Soc. 2005;53(9):1476-

1482. 

177. Fisher AA, Davis MW, Rubenach SE, Sivakumaran S, Smith PN, Budge MM. Outcomes for older patients 

with hip fractures: The impact of orthopedic and geriatric medicine cocare. J Orthop Trauma. 2006;20(3):172-

178. 

178. Ellis G, Whitehead MA, O'Neill D, Langhorne P, Robinson D. Comprehensive geriatric assessment for 

older adults admitted to hospital. Cochrane Database Syst Rev. 2011;(7)(7):CD006211. 

179. De Rui M, Veronese N, Manzato E, Sergi G. Role of comprehensive geriatric assessment in the 

management of osteoporotic hip fracture in the elderly: An overview. Disabil Rehabil. 2013;35(9):758-765. 

180. Lundstrom M, Edlund A, Karlsson S, Brannstrom B, Bucht G, Gustafson Y. A multifactorial intervention 

program reduces the duration of delirium, length of hospitalization, and mortality in delirious patients. J Am 

Geriatr Soc. 2005;53(4):622-628. 



 

 - 84 -

181. Marcantonio ER, Flacker JM, Wright RJ, Resnick NM. Reducing delirium after hip fracture: A randomized 

trial. J Am Geriatr Soc. 2001;49(5):516-522. 

182. Prestmo A, Hagen G, Sletvold O, et al. Comprehensive geriatric care for patients with hip fractures: A 

prospective, randomised, controlled trial. Lancet. 2015; February/5. 

183. Taraldsen K, Sletvold O, Thingstad P, et al. Physical behavior and function early after hip fracture surgery 

in patients receiving comprehensive geriatric care or orthopedic care--a randomized controlled trial. 

J  Gerontol  A Biol  Sci  Med  Sci. 2014;69(3):338-345. 

184. Givens JL, Sanft TB, Marcantonio ER. Functional recovery after hip fracture: The combined effects of 

depressive symptoms, cognitive impairment, and delirium. J Am Geriatr Soc. 2008;56(6):1075-1079. 

185. Milne AC, Avenell A, Potter J. Meta-analysis: Protein and energy supplementation in older people. Ann 

Intern Med. 2006;144(1):37-48. 

186. Cunliffe AL, Gladman JRF, Husbands SL, Miller P, Dewey ME, Harwood RH. Sooner and heathier: A 

randomised controlled trial and interview study of an early discharge rehabilitation service for older people. Age 

Ageing. 2004;33(3):246. 

187. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living in the community. 

N Engl J Med. 1988;319(26):1701-1707. 

188. Rasmussen S, Kristensen BB, Foldager SS, Myhrmann FL, Kehlet H. Accelereret operationsforløb efter 

hoftefraktur. Ugeskr Laeger. 2003;165(1):29-33. 

189. Caplan GA, Coconis J, Board N, Sayers A, Woods J. Does home treatment affect delirium? A randomised 

controlled trial of rehabilitation of elderly and care at home or usual treatment (the REACH-OUT trial). Age 

Ageing. 2006;35(1):53-60. 

190. Shepperd S, Doll H, Broad J, Gladman J, Iliffe S, Langhorne P, Richards S, Martin F, Harris 

R. Early discharge hospital at home. Cochrane Database of Systematic Reviews 2009, Issue 1. Art. No.: 

CD000356. DOI:10.1002/14651858.CD000356. 

191. Armijo-Olivo S, Warren S, Magee D. Intention to treat analysis, compliance, drop-outs and how to deal 

with missing data in clinical research: A review. Physical Therapy Reviews. 2009;14(1):36. 

192. Kirkwood BR, Sterne JAC. Essential medical statistics. 2. edition ed. Malden, Mass.: Blackwell Science; 

2003:x, 501 sider, ill. 

193. Foss NB, Kehlet H. Hidden blood loss after surgery for hip fracture. J Bone Joint Surg Br. 

2006;88(8):1053-1059. 

194. WHO. Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. 

www.who.int/vmnis/indicators/haemoglobin. Updated 2011. Accessed Apr/2, 2014. 



 

 - 85 -

195. Bottle A, Aylin P. Mortality associated with delay in operation after hip fracture: Observational study. 

BMJ. 2006;332(7547):947-951. 

196. Gregersen M, Borris L, Damsgaard EM. Postoperative blood transfusion strategy in frail anemic elderly 

with hip fracture: The TRIFE randomized controlled trial. Acta Orthop. 2015.14:1-10.  

197. Carson JL. Blood transfusion and risk of infection: New convincing evidence. JAMA. 2014;311(13):1293-

1294. 

198. Carson JL, Hebert PC. Should we universally adopt a restrictive approach to blood transfusion? it's all 

about the number. Am J Med. 2014;127(2):103-104. 

199. Koval KJ, Rosenberg AD, Zuckerman JD, et al. Does blood transfusion increase the risk of infection after 

hip fracture? J Orthop Trauma. 1997;11(4):260-266. 

200. Fergusson D, Khanna MP, Tinmouth A, Hebert PC. Transfusion of leukoreduced red blood cells may 

decrease postoperative infections: Two meta-analyses of randomized controlled trials. Can J Anesth. 

2004;51(5):417-425. 

201. Gregersen M, Borris LC, Damsgaard EM. Red blood cell transfusion strategies and health care-associated 

infection. J Am Med Assoc. 2014;312(19):2041. 

202. Guyatt GH, Eagle DJ, Sackett B, et al. Measuring quality of life in the frail elderly. J Clin Epidemiol. 

1993;46(12):1433-1444. 

203. Ziden L, Kreuter M, Frandin K. Long-term effects of home rehabilitation after hip fracture - 1-year follow-

up of functioning, balance confidence, and health-related quality of life in elderly people. Disabil Rehabil. 

2010;32(1):18-32. 

204. Rohde G, Haugeberg G, Mengshoel AM, Moum T, Wahl AK. Two-year changes in quality of life in 

elderly patients with low-energy hip fractures. A case-control study. BMC Musculoskelet Disord. 2010;11:226-

2474-11-226. 

205. Tolson D, Rolland Y, Katz PR, Woo J, Morley JE, Vellas B. An international survey of nursing homes. J 

Am Med Dir Assoc. 2013;14(7):459-462. 

206. Norring-Agerskov D, Laulund AS, Lauritzen JB, et al. Metaanalysis of risk factors for mortality in patients 

with hip fracture. Dan Med J. 2013;60(8):11. 

207. Pugely AJ, Martin CT, Gao Y, Klocke NF, Callaghan JJ, Marsh JL. A risk calculator for short-term 

morbidity and mortality after hip fracture surgery. J Orthop Trauma. 2014;28(2):63-69. 

208. Laulund AS, Lauritzen JB, Duus BR, Mosfeldt M, Jorgensen HL. Routine blood tests as predictors of 

mortality in hip fracture patients. Injury. 2012;43(7):1014-1020. 



 

 - 86 -

209. Senn S. Testing for baseline balance in clinical trials. Stat Med. 1994;13(17):1715-1726. 

210. Tjia J, Givens J. Ethical framework for medication discontinuation in nursing home residents with limited 

life expectancy. Clin Geriatr Med. 2012;28(2):255-272. 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



 

 - 87 -

Appendix 1 
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‘Housing for the 
Elderly’ [CH] 
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Antal hits 
 

870 452 25 
 
59 
 

 
Antal udvalgte artikler 
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 63 (18 duplicates) 6 (1 duplicate) 

 
9 (2 duplicates) 
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