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Background and purpose — Hip fracture (HF) in frail elderly 
patients is associated with poor physical recovery and death. 
There is often postoperative blood loss and the hemoglobin (Hb) 
threshold for red blood cell (RBC) transfusions in these patients 
is unknown. We investigated whether RBC transfusion strate-
gies were associated with the degree of physical recovery or with 
reduced mortality after HF surgery. 

Patients and methods — We enrolled 284 consecutive post-
surgical HF patients (aged ≥ 65 years) with Hb levels < 11.3 g/dL 
(7 mmol/L) who had been admitted from nursing homes or shel-
tered housing. Allocation was stratified by residence. The patients 
were randomly assigned to either restrictive (Hb < 9.7 g/dL; < 6 
mmol/L) or liberal (Hb < 11.3 g/dL; < 7 mmol/L) RBC transfu-
sions given within the first 30 days postoperatively. Follow-up was 
at 90 days.

Results — No statistically significant differences were found in 
repeated measures of daily living activities or in 90-day mortal-
ity rate between the restrictive group (where 27% died) and the 
liberal group (where 21% died). Per-protocol 30-day mortality 
was higher with the restrictive strategy (hazard ratio (HR) = 2.4, 
95% CI: 1.1–5.2; p = 0.03). The 90-day mortality rate was higher 
for nursing home residents in the restrictive transfusion group 
(36%) than for those in the liberal group (20%) (HR = 2.0, 95% 
CI: 1.1–3.6; p = 0.01). 

Interpretation — According to our Hb thresholds, recovery 
from physical disabilities in frail elderly hip fracture patients 
was similar after a restrictive RBC transfusion strategy and after 
a liberal strategy. Implementation of a liberal RBC transfusion 
strategy in nursing home residents has the potential to increase 
survival. 



Surgical blood loss leading to acute anemia is common in hip 
fracture patients (Kumar et al. 2011). The World Health Orga-
nization defines anemia as hemoglobin (Hb) levels < 12 g/
dL in women and < 13 g/dL in men (WHO 2011). Postopera-
tive anemia in elderly hip fracture patients is associated with 
reduced ambulation and functional independence (Halm et al. 
2004, Foss and Kehlet 2006, Maraldi et al. 2006). Long-term 
care residents with Hb levels < 10 g/dL (6.2 mmol/L) showed 
worse performance of activities of daily living (ADL) than 
residents with levels < 13 g/dL (8.1 mmol/L) (Bailey et al. 
2012). Physical recovery and self-scored energy levels after 
hip fracture repair increase with increasing Hb levels (Law-
rence et al. 2003).  

In elderly hip fracture patients, 90-day mortality rates vary 
between 5% and 27% (Foss and Kehlet 2005,  Petersen et al. 
2006, Bjorkelund et al. 2009, Gregersen et al. 2011), repre-
senting a 5- to 8-fold increase in mortality compared to elderly 
people with no hip fracture (Haentjens et al. 2010). The 90-day 
mortality rates for nursing home residents after hip fracture are 
higher in males than in females (32% vs. 18%). Predictors of 
early death following hip fracture include: residential status, 
number of comorbidities, functional impairment prior to frac-
ture, cognitive decline, polypharmacy, poor nutritional status, 
previous hip fracture, delay in surgery, and anemia (van Dijk 
et al. 2005, Berry et al. 2009, Ryg et al. 2009, Kannegaard 
et al. 2010, Holvik et al. 2010, Juliebo et al. 2010, Onem et 
al. 2010,  Baker et al. 2011, Kirkland et al. 2011, Moja et al. 
2012, Schaller et al. 2012).

Red blood cell (RBC) transfusions are usually given for sub-
stantial perioperative blood loss or hemodynamic compromise. 
In Denmark, RBC transfusions are recommended when Hb 
levels are < 9.7 g/dL (6 mmol/L) (Danish Health and Medi-
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cine Authority 2008). Previous randomized controlled trials 
(RCTs) have compared RBC transfusion strategies in hip frac-
ture patients with few frail elderly patients included (Foss et 
al. 2009, Parker 2013). Also, RBC transfusion strategies have 
been included in meta-analyses that combined the results of 
mixed populations with regard to age and disease (Carson et al. 
2012, Salpeter et al. 2014). A large RCT compared transfusion 
strategies after surgery in high-risk hip fracture patients, but 
all the patients could walk independently before fracture. Only 
10% of the latter population were nursing home residents, and 
no separate analysis was performed on this subgroup (Carson 
et al. 2011). Overall, the researchers found no associations 
between transfusion strategies, physical recovery, or survival. 

Currently, there are no reports in the literature suggesting an 
optimal Hb target for RBC transfusions specifically for frail, 
elderly hip fracture patients, regardless of their walking abil-
ity. Our aim, therefore, was to examine how RBC transfusion 
strategies influence physical recovery and mortality in resi-
dents from nursing homes and sheltered housing facilities.  

Patients and methods
Study design and patients
The present “Transfusion Requirements In Frail Elderly” 
(TRIFE) study of hip-fractured patients 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. These patients (aged ≥ 
65 years) had been admitted from nursing homes or sheltered 
housing facilities for unilateral hip fracture surgery and had  
postoperative Hb levels between 9.7 g/dL (6 mmol/L) and 
11.3 g/dL (7 mmol/L) 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.  The home addresses of the patients revealed 
their eligibility, and provided an unambiguous tool to recruit 
and allocate them to the 2 transfusion groups on admission to 
hospital. Hip fractures were categorized as 3 subtypes (Inter-
national Code of Disease 10; ICD10) according to the loca-
tion of the fracture line: (1) femoral neck (ICD-10 S72.0); (2) 
intertrochanteric (ICD-10 S72.1); or (3) subtrochanteric (ICD-
10 S72.2). Exclusion criteria were: active cancer, pathological 
fractures, inability to understand or speak Danish without an 
interpreter, refusal of RBC transfusion (e.g. Jehovah’s Wit-
ness), fluid overload, irregular erythrocyte antibodies, or pre-
vious participation in the trial. The project manager enrolled 
the patients and assigned them to the interventions.

Randomization and blinding
After giving their informed consent, the patients were ran-
domly 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 tai-
lored interventions that used the same liberal Hb criterion 
(Gregersen et al. 2011). Randomization was provided by an 
allocation concealment process in the web-based clinical trial-
support system “TrialPartner” (Public Health and Quality 
Improvement, Central Denmark Region). This central com-
puter program using permuted block sizes stratified the ran-
domization according to sex and type of residence, and allo-
cated 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 randomization 
result to the electronic patient record (which was available to 
the hospital staff in the orthopedic and geriatric wards since 
they were to administer the transfusions during the interven-
tion period. The participants, their relatives, and the endpoint 
assessors were blind as to the result of randomization and to 
information on the patients’ Hb levels.  

Procedures
The standard venous Hb analysis was done by cyanmethe-
moglobin assay (inter-laboratory error: 0.2 g/dL) performed 
immediately upon admission and postoperatively. Hb was 
measured daily during the first 3 postoperative days, then at 
least once during the following 4–6 days, and at least once a 
week for the following 3 weeks. Blood tests were performed 
during hospitalization, in nursing homes, and in sheltered 
housing facilities by a multidisciplinary orthogeriatric team.

Transfusions, as necessary, were performed according to 
group assignments and no later than 24 h after Hb determina-
tion. Only 1 RBC unit was given initially, prior to further Hb 
measurement. Measurement was repeated after the transfusion 
until the Hb target was reached, with no more than 2 units per 
day being administered. In Denmark, 1 unit of RBCs is approx-
imately 300 mL, with an erythrocyte concentration of ≥ 1.65 g/
dL per unit and a leukocyte content of < 1,200 × 106. In acute 
situations, and between transfusions, venous Hb levels were 
measured with a portable HemoCue photometer (HemoCue, 
Mission Viejo, CA). All Hb results were evaluated on a daily 
basis by the project manager. The foregoing procedures con-
tinued for 30 days after HF surgery. The standard procedure 
of our Geriatric Department transferred sheltered housing resi-
dents from the orthopedic ward to the geriatric ward on the day 
after surgery, for approximately 1 week of physical training. 
Nursing home residents were generally discharged directly 
from the orthopedic ward to their nursing homes on the day 
after surgery, since most of them needed familiar surround-
ings to avoid a state of delirium. As previously described, the 
standard geriatric treatment program included early mobiliza-
tion, iron supplementation, osteoporosis therapy, nutritional 
support, fluid therapy, and evaluation of medication. All such 
residents were visited by a multidisciplinary team immediately 
after discharge and within 30 days of surgery. 
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Measurements
The primary outcome was recovery from physical disabilities, 
with 3 tools being used to measure physical performance: (1) 
Modified Barthel index measured the basic self-care activi-
ties of daily living (ADL) performance ranging from 0 to 100 
points (100 = best), assessing 10 domains—eating, transfer-
ring, personal care, toiletry, bathing, walking, managing stairs, 
dressing, bowel control, and bladder control; (2) New Mobil-
ity score ranging from 0 to 9 points (9 = best), assessing both 
indoor and outdoor walking abilities, and ability to go shop-
ping; and (3) cumulated ambulation score, with a daily score 
from 0 to 6 points (6 = best), assessing getting in and out of 
bed, sitting-to-standing-to-sitting, and walking ability with an 
appropriate aid. Cognitive status was assessed by mini mental 
state examination (MMSE), ranging from 0 to 30 points (30 = 
no cognitive impairment). 

2 occupational therapists (blinded assessors) assessed each 
patient’s physical and cognitive abilities (“prefracture”) and 
through the 90 days after surgery (days 10, 30, and 90). Pre-
fracture assessments were performed retrospectively by asking 
the patient, care staff, and/or the patient’s relatives about the 
level of physical performance 14 days before the hip fracture. 
1 assessor was appointed for each patient follow-up and vis-
ited the patients in their residences.

Secondary outcomes were 30-day and 90-day mortality. 
Dates of death within 90 days of surgery were obtained from 
the Danish Civil Registration System. Causes of death based 
on death certificates were obtained from the Danish Health 
and Medicine Authority.  

After study recruitment was complete, the comprehen-
sive geriatric assessment frailty index was used to determine 
whether nursing home and sheltered housing residents were 
equally frail. The frailty index embraced: (1) prefracture ADL 
dependency (measured by Modified Barthel index < 80); (2) 
severe comorbidity (measured by Charlson comorbidity index 
> 2); (3) cognitive dysfunction (measured by MMSE < 20); 
(4) malnutrition (measured by serum albumin < 34 g/L and 
body mass index < 18.5); and (5) polypharmacy, i.e. treatment 
with more than 7 prescribed drugs. Frailty was determined 
according to one, or more, of the foregoing criteria (Kristjans-
son et al. 2012).	  

Statistics
Sample size calculation was based on Geriatric Department 
data from an observational pilot study of nursing home patients 
after hip fracture surgery. Those with Hb levels between 9.7 
g/dL (6 mmol/L) and 11.3 g/dL (7 mmol/L) during their first 
2 postoperative days had shown better physical recovery 
when given more RBC transfusions. The patients’ Modified 
Barthel index scores had improved by 23% during 30 days 
of follow-up compared to a standard treatment applied to an 
identical population, conducted 1 year earlier. We assumed 
that the recovery of sheltered housing residents would simi-
larly improve. To obtain 85% statistical power at p ≤ 0.05, we 

aimed to recruit 284 patients, allowing for a 10% probability 
of withdrawal. 

Patients’ baseline characteristics and clinical outcomes 
were compared as follows: (1) intention to treat (ITT); (2) 
randomized study group assignment; and (3) residential 
group. Continuous variables were compared using Student’s 
t-test, categorical variables with Pearson’s chi-squared test or 
Fisher’s exact test, and non-normally distributed variables with 
Wilcoxon’s rank-sum test. Adjusted analyses were performed 
according to the slightly imbalanced baseline variable age and 
randomization stratification factors (sex and residence). These 
variables were not associated with any of the outcome vari-
ables; thus, results are presented with crude estimates. 

Measurements of Hb concentration and logarithm-trans-
formed Modified Barthel index summed scores were com-
pared by analysis of variance (with repeated measurement). 
Likelihood ratio tests were used to test for parallel curves and 
equal means between the 2 groups. The models were checked 
with normal probability plots of the standardized residuals and 
scatter plots of the residuals versus predicted values. Further-
more, all pairwise differences between any 2 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 (meaning no ability). 

Modified Barthel index and cumulated ambulation score 
measured on day 10 were categorized and compared using 
Pearson’s chi-squared test or Fisher’s exact test. The median 
New Mobility scores were compared by Wilcoxon’s rank-sum 
test. Results are expressed as percentage or median with inter-
quartile range (IQR).

The risk of death within 2 follow-up periods (30 or 90 days) 
were analyzed using a 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 of pro-
portional hazards was checked graphically using “log-log” 
plots of the 2 survival curves. Results are expressed as hazard 
ratios (HRs) with 95% confidence intervals (CIs). Outcome 
measures for per-protocol analyses were similarly compared.

Any p-value ≤ 0.05 was considered statistically significant. 
Statistical analyses were performed with Stata software, ver-
sion 13.0. 

Ethics
At admission or (at the latest) on the day after surgery, the 
project manager assessed the patients’ cognitive capacities. 
Cognitive impairment was defined by: (1) a MMSE score of 
< 20; (2) a confusion assessment method result indicating 
delirium; or (3) a clinical cognitive evaluation undertaken by 
2 independent healthcare professionals. Patients who were 
not impaired cognitively gave their written informed consent. 
Consents for impaired patients were given by a next of kin 
plus the relevant general practitioner. The trial was conducted 
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in accordance with the ethical principles of the Declaration of 
Helsinki. The study protocol was approved by the Danish Data 
Protection Agency and the Central Denmark Region Ethical 
Committee. The trial was evaluated every 6 months by an 
independent safety-monitoring board. The study is registered 
at ClinicalTrials.gov, number NCT01102010.

Results

284 patients were enrolled (Figure 1). In terms of baseline 
characteristics and outcomes, 8 patients who dropped out of 
the study did not differ significantly from those who com-
pleted it, and 260 patients remained for the PP analysis.

Baseline patient characteristics were well balanced between 
the transfusion groups, except from mean age (which was 
slightly lower in the restrictive strategy group), and a some-
what longer surgical waiting time in the liberal strategy group 
(Table 1). Overall, the data indicated that most of the elderly 

patients were frail with dependency in ADL, ambulation, 
and mobility before fracture: 57% had been substantially or 
completely dependent on personal support, 71% had been 
unable to walk independently without walking aids, and 12% 
had needed assistance when transferring from bed to chair. A 
statistically significantly higher proportion of nursing home 
patients (96%) were assessed as being frail, when compared 
to sheltered housing residents (78%) (p < 0.001). 

Physical ability
Patients’ physical abilities in both transfusion groups were 
impaired 10 days after hip fracture surgery, relative to prefrac-
ture levels (p < 0.001). Similar recovery 10 days after inter-
vention was found in the 2 groups, according to Modified Bar-
thel index, New Mobility score, cumulated ambulation score, 
transfer from bed to chair, or walking ability (Table 2).

Figure 1. CONSORT flow diagram for enrollment, allocation, follow-up, 
and analysis
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Table 1. Baseline characteristics of 284 frail elderly hip fracture 
patients

Characteristics 	 Restrictive strategy	 Liberal strategy
 	 (n = 144)	 (n = 140)

Socio-demographics 
 Female (%)	 108 (75)	 106 (76)
 Mean age, years (SD) 	   86 (6.8)	   88 (6.9)
 Residence (%)
    Nursing home	   89 (61)	   90 (64)
    Sheltered housing 	   55 (39)	   50 (36)
Physical ability before fracture
 Activities of daily living a (%)	
       Independent or 
        moderately dependent	   59 (41)	   63 (45)
       Substantially dependent	   66 (46)	   59 (42)
       Completely dependent	   19 (13) 	   18 (12)
 Transfer from bed to chair
    Independent	 123 (85)	 127 (91)
    Dependent 	   21 (15)	   13 (9)
 Walking ability (%)
    Independent	   44 (30)	   39 (28)
    Walking aids	   88 (61)	   90 (64)
    Person support 	     8 (5)	     7 (5)  
    None	     4 (3) 	     4 (3)
Comorbid conditions
 Comorbidity a (%)
    Low	   33 (23)	   39 (28)
    Moderate	   78 (54)	   75 (54)
    Severe	   33 (23)	   26 (18)
Cardiovascular disease (%)	   34 (24)	   25 (18)
Dementia a (%)	   46 (32)	   56 (40)
Underweight a (%) 	   22 (15)	   23 (16)
Anemia b (%)	   70 (49)	   68 (49)
Prescribed medicine a (IQR)	     6 (4–9)	     6 (4–9)
Previous hip fracture (%)	   24 (17)	   33 (24)
Surgical treatment (%)
    Internal fixation	 109 (76)	 112 (80)
    Arthroplasty	   31 (21)	   26 (18)
    Other	     4 (3)	     2 (2)
Waiting time for surgery, h (IQR)	   16 (10–24)	   19 (12–25)

a Variable used in the “comprehensive geriatric assessment frailty 
  index”.
b Anemia defined by World Health Organization as hemoglobin 
  < 12 g/dL in women and < 13 g/dL in men.
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Overall, the repeated measurements of Modified Barthel 
index score, compared to prefracture levels, on days 10, 30, 
and 90 after surgery, were similar within transfusion groups, 
i.e. parallel curves (p = 0.2) and equal means (p = 0.3). For 
nursing home residents, the curves were parallel (p = 0.4) and 
the means were equal (p = 0.3) between transfusion groups. 
Likewise, for sheltered housing residents, the curves were par-
allel (p = 0.6) and the means were equal (p = 0.9) between 

transfusion groups (Figure 2). Similar results were found with 
per-protocol analyses.  

Mortality
No statistically significant difference in 90-day mortality was 
found between the restrictive transfusion group (27%) and the 
liberal (21%) transfusion group when analyzed by intention 
to treat (Table 3). However, the per-protocol 30-day mortality 

Table 2.  Intention to treat: physical ability scores 10 days after hip fracture surgery compared in a restrictive transfusion group with a liberal 
group stratified in residents from nursing homes and sheltered housing and analyzed with Wilcoxon rank-sum test

	 All residents	 Nursing homes	 Sheltered housing
	 (n = 284)	 (n = 179)	 (n = 105)
	 Restrictive	 Liberal		  Restrictive	 Liberal		  Restrictive	 Liberal	
Physical ability	 strategy	 strategy	 p-value	 strategy	 strategy	 p-value	 strategy	 strategy 	 p-value	 
10 days after surgery	 (n = 144)	 (n = 140)		  (n = 89)	 (n = 90)		  (n = 55)	 (n = 50)	

Modified Barthel index a (%)			   0.6			   0.4			   1.0
    Independent or 
    moderately dependent 	 38 (26)	 32 (23)		  18 (20)	 15 (17)		  20 (36)	 17 (34)
    Substantially dependent	 51 (35) 	 58 (41)		  24 (27)	 33 (37)		  27 (49)	 25 (50)
    Completely dependent	 55 (38)	 50 (36)		  47 (53)	 42 (46)		  8 (15)	 8 (16)	
New Mobility score b 
    median (IQR)	 1 (0–1)	 1 (0–1)	 0.5	 1 (0–1)	 1 (0–1)	 0.8	 1 (1–2)	 1 (1–2)	 0.5
Cumulated ambulation score c (%)			   0.5			   0.2			   0.2
    Walking ability	 19 (13)	 16 (11)		  4 (4)	 8 (9)		  16 (29)	 7 (14)
    Sit-to-stand-to-sit	 65 (45)	 74 (53)		  37 (42)	 40 (44)		  30 (55)	 34 (68)
    Bedridden	 56 (39) 	 50 (36)		  48 (54)	 42 (47)		  9 (16)	 9 (18)	
Transfer from bed to chair (%)			   0.3			   1.0			   0.2
    Independent	 25 (17)	 19 (14)		  10 (11)	 11 (12)		  15 (27)	 8 (16)
    Dependent 	 119 (83)	 121 (86)		  79 (89)	 79 (88)		  40 (73)	 42 (84)	
Walking ability (%)			   0.9			   0.7			   0.7
    Independent 	 1 (1)	 1 (1)		  1 (1)	 1 (1)		  0 (0)	 0 (0)
    Walking aids	 25 (17)	 25 (18)		  7 (8)	 12 (13)		  18 (33)	 13 (26)
    Person support 	 59 (41)	 66 (47)		  33 (37)	 38 (42)		  26 (47)	 28 (56)
    None 	 59 (41)	 48 (34)		  48 (54)	 39 (43)		  11 (20)	 9 (18)	

a Modified Barthel index score categories: “Independent/moderately dependent” in activities of daily living (ADL) (summed score: 100–50);  
   “Substantially dependent” in ADL (summed score: 49–25); and “Completely dependent” in ADL (summed score: 24–0). 
b New Mobility score categories (9 = best, 0 = worst): “High level” (summed score 9–6); “Low level” (summed score 5–0).
c Cumulated ambulation score categories (6 = best, 0 = worst): “Independence” (summed score: 6); “Dependency” (summed score: 5–0).
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Figure 2. Intention to treat: repeated measurements on recovery from physical disabilities before fracture 
until postoperative days 10, 30 and 90, presented as median score with interquartile range, in residents from            
nursing homes and sheltered housing facilities.
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rate was higher after restrictive transfusion. Frailty was asso-
ciated with 90-day mortality (HR = 4.5, 95% CI: 1.1–19; p 
= 0.03), as was cardiovascular disease (HR = 0.5, 95% CI: 
0.3–0.9; p = 0.01).  

In a subgroup analysis, the 90-day mortality rate of nurs-
ing home residents was statistically significantly higher after 
restrictive transfusions than after liberal transfusions. Similar 
results were obtained with the per-protocol analyses. How-
ever, for sheltered housing residents 90-day mortality rates 
showed no statistically significant differences between trans-
fusion groups (Figure 3).

The main cause of death for both transfusion groups was 
pneumonia (p = 0.11) (Table 4). Durations of hospital stay 
were equal within transfusion groups, i.e. a median of 2 days 
for both groups of nursing home residents, and medians of 11 
days and 10 days for sheltered housing residents (p = 0.35). 

Red blood cell transfusions
712 RBC transfusions were administered during the study, with 
73% during the first postoperative week. The median number 
of RBC units per patient in the restrictive transfusion group 
was 1.0 (IQR 1–2) as opposed to 3.0 (IQR 2–5) in the lib-
eral group. Repeated measurements showed maintained mean 

Hb levels of 11.3 g/dL (95% CI: 11.3–11.4) for the restrictive 
transfusion group and 12.2 g/dL (95% CI: 12.2–12.3) for the 
liberal group. Also, the Hb measurements of both transfusion 
groups showed parallel curves (p = 0.8) but unequal means (p 
< 0.001) (Figure 4). No complications were observed during, 
or after, RBC transfusions. No difference was found in iron 
supplementation (88% in the restrictive group and 87% in the 
liberal group).

   

Table 3. Hazards ratio of time to death within 30 and 90 days by intention-to-treat analysis and per-protocol analysis

	 30-day mortality	 90-day mortality
	 Restrictive	 Liberal	 Hazard ratio		  Restrictive	 Liberal	 Hazard ratio
	 strategy	 strategy	 (95% CI)	 p-value	 strategy	 strategy	 (95% CI)	 p-value

Intention to treat, n	 144	 140			   144	 140
	 All residents  (%)	   21 (14)	   12 (8)	 1.8 (0.7–3.6)	 0.1	   40 (27)	   30 (21)	 1.4 (0.9–2.2)	 0.2
	 Nursing homes  (%)	   16 (18)	     9 (10)	 1.9 (0.8–4.3)	 0.1	   32 (36)	   18 (20)	 2.0 (1.1–3.6)	 0.01
	 Sheltered housing  (%)	     5 (9)	     3 (6)	 1.5 (0.4–6.4)	 0.6	     8 (15)	   12 (24)	 0.6 (0.2–1.5)	 0.3
Per-protocol, n	 132	 128			   132	 128
	 All residents  (%)	   21 (16)	     9 (7)	 2.4 (1.1–5.2)	 0.03	   35 (27)	   26 (20)	 1.4 (0.8–2.3)	 0.2
	 Nursing homes  (%) 	   16 (20)	     8 (10)	 2.2 (0.9–5.0)	 0.07	   28 (35)	   17 (20)	 1.9 (1.0–3.4)	 0.04
	 Sheltered housing  (%)	     5 (10)	     1 (2)	 4.6 (0.5–39)	 0.2	     7 (13)	     9 (19)	 0.7 (0.3–2.0)	 0.5

Figure 3. Kaplan-Meier plots 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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Table 4. Causes of death over 90 postoperative days in frail, elderly 
hip fracture patients

 
	 Restrictive	 Liberal
	 strategy	 strategy
Cause of deaths	 (n = 40)	 (n = 30)	 p-value

Pneumonia (%) 18 (44)	 8 (27)	 0.1
Stroke (%)   2 (7)	 8 (27) 	 0.02
Heart failure (%) 11 (28)	 3 (9)	 0.07
Sepsis (%)   5 (11)	 3 (9) 	 0.7
Dementia (%)   4 (10)	 3 (9)	 1.0
Liver failure (%)   0 (0)	 5 (19)	 -
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Discussion

Our RCT data show that a liberal RBC transfusion strategy 
(Hb target < 11.3 g/dL; 7 mmol/L) pursued for 30 days after 
intervention was more beneficial than a restrictive strategy 
with a lower target (Hb < 9.7 g/dL; 6 mmol/L) for elderly hip-
fractured patients admitted from nursing homes.

Physical ability
Physical abilities after surgery were not associated with RBC 
transfusion strategies during the first 10 days, when the major-
ity of transfusions were completed. Half of all patients in each 
transfusion group were anemic before fracture surgery. It 
remains uncertain, however, whether the anemia was chronic 
or was caused by the fracture. Several studies have found an 
association in elderly subjects between reduced physical abil-
ity due to reduced muscle strength and chronic anemia (Pen-
ninx et al. 2004). Poor physical ability before fracture and 
(chronic) anemia are 2 of many factors that affect functional 
prognosis in nursing home residents (Onem et al. 2010). Fur-
thermore, physical functional outcome in hip fracture patients 
appeared to be negatively influenced by cognitive impairment, 
comorbidity, and very old age. 

Our results did not directly reproduce the findings that 
higher Hb levels are associated with better early functional 
recovery after hip fracture surgery. Also, very few of our 
patients regained their prefracture physical abilities during 
3 months of follow-up. To expand our follow-up period to 1 
year, when recovery would be expected to peak (Ortiz-Alonso 
et al. 2012), would probably have been of minor interest given 
a 1-year expected mortality rate of approximately 45% for 
nursing home residents (Beaupre et al. 2012).

The meta-analysis of Carson el al. (2012), which included 
several RCTs in various patient populations, concluded that 

RBC stocks can be saved without reducing functional recov-
ery or increasing short-term mortality. The high-risk hip frac-
ture patients who had been walking without human assistance 
before the trauma showed no differences in walking ability 
or short-term mortality in relation to liberal or restrictive 
RBC transfusion strategies post-surgery. Unfortunately, the 
researchers did not perform a subgroup analysis on the data 
from nursing home residents (Carson et al. 2011). Similarly, 
physical rehabilitation of Danish hip fracture patients who had 
lived in the community and walked independently before sur-
gery was found to be unrelated to higher Hb levels (Foss et 
al. 2009). 

Mortality
In our analyses, which took pre-surgical residential care needs 
into account, 30-day mortality but not 90-day mortality after 
hip fracture surgery was reduced by the liberal RBC trans-
fusion strategy relative to the restrictive strategy. Foss et al. 
(2009) found that in elderly community-dwelling patients 
with independent walking function and intact cognitive status 
prior to hip fracture, a liberal transfusion strategy appeared to 
reduce cardiovascular events/deaths. In contrast, for patients 
in intensive care, Hébert et al. (1999) found that a restric-
tive transfusion strategy was at least as effective as a liberal 
strategy—except possibly for those with acute myocardial 
infarction and unstable angina. However, a recent pilot study 
of patients with acute coronary syndrome or unstable angina 
who were undergoing cardiac catheterization found that those 
treated with a restrictive strategy (Hb target 8 g/dL; 5 mmol/L) 
had more than twice the rate of major cardiac events and 
deaths compared to those treated with a liberal strategy (Hb 
target 10 g/dL; 6.2 mmol/L) (Carson et al. 2013).

In the present study, cardiovascular diseases were associ-
ated with 90-day mortality rates. In the foregoing studies, lib-
eral RBC transfusion thresholds were similar to our restrictive 
threshold. Patient frailty was not the issue for RCTs with the 
previous transfusion strategies, despite the well-known fact 
that in nursing home residents, anemia is related to 90-day 
mortality (Berry et al. 2009). Nevertheless, in the future we 
need to look more deeply into the question of beneficial trans-
fusion thresholds to determine whether the target groups con-
sist of patients with cardiovascular diseases and hip fracture 
patients from nursing homes.

Postoperative anemia in surgical hip fracture patients is 
associated with delirium and nosocomial infections (Marcan-
tonio et al. 1998, Izuel et al. 2008). In our study, we found no 
difference in the number of infections during the intervention 
period (unpublished data). Prolonged delirium and pneumonia 
are both associated with death (Holvik et al. 2010, Lee et al. 
2011), and cognitive impairment and/or age ≥ 85 years are 
associated with higher incidences of delirium and mortality 
(Petersen et al. 2006, Bjorkelund et al. 2009). We found that 
stroke was a more frequent cause of death in the liberal trans-
fusion group, whereas heart failure was more frequent (with 
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Figure 4  Mean hemoglobin concentrations (in g/dL) measured on days 
3, 10, 17, 24, and 30 after hip fracture surgery (with 95% confidence 
intervals) according to blood transfusion strategy (liberal or restrictive).
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borderline significance) in the restrictive transfusion group. 
However, if the 2 diagnostic categories were pooled together 
as cardiovascular diseases, no significant difference was found 
between the groups. This consideration should be investigated 
further, because information was obtained from death cer-
tificates only, and the use of death certificates based on the 
Danish Death Registry requires caution when interpreting the 
results. In Denmark, the autopsy rate is less than 10% of all 
deaths, and the quality of data on causes of death relies mainly 
upon the correctness of the physician’s notification (Helweg-
Larsen 2011). 

Nursing home residents
In a subgroup analyses, we looked specifically at the most frail 
patients, defined as those living in nursing homes. In contrast 
to previous studies, this included patients who were unable 
to walk independently, and we found that higher Hb levels 
reduced 90-day mortality.

The 90-day mortality rate in our nursing home residents who 
were given restrictive transfusions was rather high (36%), and 
higher than the 27% we had previously observed. Berry et al. 
(2009) found that the overall 90-day mortality rate in nursing 
home residents admitted to long-term care, in a rehabilitation 
center with geriatric specialists (Boston, USA), was 21% after 
hip fracture surgery—rather like the 20% in our liberal strat-
egy group. However, we are unable to make further compari-
sons, since no data are available on the transfusion strategy for 
this group of nursing home residents.

The subgroup analyses were conducted according to type 
of residence, to avoid the possibility that potentially different 
levels of frailty would confuse our results. Assessment with 
the comprehensive geriatric assessment frailty index (which 
was developed for surgical cancer patients) showed that a 
large proportion of sheltered housing residents were not frail. 
There are nursing homes throughout the world, but the resi-
dents are probably not directly comparable in different coun-
tries. However, they generally require continual care and have 
other significant deficiencies, e.g. in activities of daily living 
and cognition (Tolson et al. 2013).

In Denmark, nursing home residents are easy to identify 
from their home addresses. We have previously reported that 
one-fifth of our hospital hip fracture patients, aged ≥ 65 years, 
normally reside in nursing homes (Gregersen et al. 2012). The 
prevalence of these patients in the orthopedic ward is rela-
tively high, and they require evidence-based expertise.

We cannot exclude the fact that some patients living in their 
own homes are as frail as those in nursing homes, and there 
may be different criteria between countries for transferring 
patients to nursing homes. Thus, future studies should focus 
on patients’ degree of frailty as a selection criterion for RBC 
transfusions, instead of their home addresses, but for that pur-
pose we would need a frailty index especially developed for 
elderly hip fracture patients.

RBC transfusion targets
Previous randomized controlled trials have set Hb targets in 
the 7- to 9-g/dL range for restrictive transfusion strategies, 
and in the 9- to 10-g/dL range for liberal transfusion strategies 
(Carson et al. 2012). The difference between the Hb targets 
of RBC transfusion strategies may not have been sufficient 
to yield more significant results. Instead, our restrictive strat-
egy might have followed the restrictive threshold from the 
previous RCTs to make comparison between studies easier. 
However, this would have been unethical since we had already 
shown—in our previous observational study—a reduction in 
mortality with a liberal transfusion strategy as low as Hb 11.3 
g/dL. Furthermore, our national guidelines recommend a Hb 
target as low as 9.7 g/dL in elderly hip fracture patients.

Strengths and limitations
Our power calculation was based on nursing home residents 
only. The large proportion of non-frail elderly patients admit-
ted from sheltered housing facilities may have diluted our 
intervention effects. From the very beginning, our aim was to 
examine the effect of a more liberal blood transfusion strat-
egy for the nursing home residents, since high mortality after 
hip fracture was almost exclusively determined by the higher 
death rate in these patients, but the ethical committee required 
us to include sheltered housing residents also. To compen-
sate for a possible difference in the degree of frailty in these 
2 residential groups, we stratified them in the randomization 
process. Nonetheless, our results show that the difference 
between them was greater than expected. Thus, we needed 
more patients than previously calculated in order to show a 
distinct difference between the transfusion groups.

No frail elderly patients with Hb levels below 9.7 g/dL were 
excluded during the first 6 days of recruitment, since trans-
fusions made it possible for them to participate. However, 
10 patients died intraoperatively and the Hb values of these 
patients were unknown. Furthermore, the blood test results 
were followed closely during the intervention period and RBC 
transfusions were accomplished within 24 hours (except for 
dying patients, for whom transfusions were considered unethi-
cal). No selection bias intruded, since during the entire study 
period daily assessments in the orthopedic ward continued 
for every hip fracture patient admitted from nursing homes or 
sheltered housing.

The Modified Barthel index was a sensitive physical assess-
ment tool to measure changes in ADL over time, although the 
items eating, bowel control, and bladder control were less rel-
evant to recovery. Our sample size calculation was based on 
the summed scores of the Modified Barthel index, and this 
was therefore our first choice of tool. Measurements from New 
Mobility score and cumulated ambulation score are presented 
in order to make our results comparable to studies using simi-
lar tools. The New Mobility score was not very useful, e.g. 
“ability to go shopping” is rarely an option for frail elderly 
people. Information on transfer and walking ability were more 
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relevant to this population, but no significant differences were 
found. The protocol stated that a specific assessor would test 
a given patient throughout the 90 days of follow-up, but in 
some cases assessors were replaced due to vacations or illness. 
This could have distorted the results, although the RCT design 
would have distributed such confounding equally across both 
transfusion groups. 

Conclusion
In frail elderly hip fracture patients, recovery was similar with 
a restrictive or a liberal RBC transfusion strategy according to 
our Hb tresholds. It should be determined whether a larger dif-
ference between the Hb thresholds of RBC transfusion strate-
gies (a lower restrictive Hb threshold) may be associated with 
physical recovery. Implemention of a liberal RBC transfusion 
strategy in nursing home residents has the potential to increase 
survival. We therefore suggest that liberal RBC strategies 
should be investigated further in nursing home residents with 
hip fracture, for whom it may be life-saving. Also, we need 
to develop some means of identifying patients who would 
benefit from more liberal RBC transfusion strategies, and to 
specify optimal Hb targets for the transfusions required by 
frail elderly hip fracture patients. In general, the use of RBC 
transfusions should be restricted. However, we must accept 
that some hip fracture patients require more blood than speci-
fied by the recommendations.
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