
The incidence of hip fractures is increasing worldwide 
along with the increase of osteoporotic elderly popula-
tion.1,2) Most hip fractures require surgery and became a 
serious socioeconomic burden, because these fractures 
are associated with high rates of perioperative morbidity 

and mortality in elderly patients.3) Although contempo-
rary surgical techniques have been improved, hip fracture 
surgery (HFS) is associated with substantial perioperative 
blood loss, which necessitates transfusion.4,5) Blood trans-
fusion can result in abnormalities of coagulation status and 
transfusion-related complications are causes of morbidity 
and death. It also prolongs hospital stay and increases the 
risk of hematogenic infections.4,6) For these reasons, blood-
saving strategies were introduced.7,8) 

Traditionally, transfusion has been performed to 
maintain a blood hemoglobin (Hb) concentration above 
10 g/dL (100 g/L) and a hematocrit above 30%.9,10) This is 
called the liberal transfusion strategy. Recently, the com-
prehensive concept of multimodal patient blood manage-
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ment (PBM) has been recommended to reduce transfusion 
and transfusion-related complications by World Health 
Organization (WHO).11-13) Based on the PBM concept, 
the restrictive transfusion strategy was developed. In that 
strategy, the patient is transfused when the level of Hb is 
lower than 8 g/dL or anemic symptoms are present.14-17) 
Intravenous supplementation of iron has been known to 
reduce or prevent red blood cell transfusion in patients 
undergoing joint arthroplasty.18)

We followed the traditional liberal strategy with the 
higher transfusion threshold in HFS patients until May 2009. 
In June 2009, we adopted the PBM of the restrictive strat-
egy combined with intravenous iron supplementation and 
thereafter, we have used that concept in HFS patients. In this 
study, we compared the transfusion rate, amounts of transfu-
sion, postoperative Hb level, duration of hospital stay, mor-
bidity, and mortality between the two strategies after HFS. 

METHODS

This retrospective study was approved by the Institu-
tional Review Board of Seoul National University Bun-
dang Hospital (IRB No. B-1710/427-103), which waived 
informed consents. We reviewed the medical records of 
1,777 patients who underwent surgery due to a hip frac-
ture (femoral neck or intertrochanteric fracture) at one 
tertiary referral hospital between May 2003 and June 2014 
and were aged more than 60 years at the time of surgery. 
We excluded 13 patients who had pathologic fractures, 48 
patients who had revision operations, and 82 patients who 
were lost to follow-up before 1 year after the operation. 
This left 1,634 patients, who were subjects of this study. 

In all patients the Hb level was measured at admis-
sion. Anemia was defined according to the criteria of the 
WHO18): a Hb level less than 12 g/dL in women and less 
than 13 g/dL in men. The Hb level was measured on the 
first postoperative day as a routine and repeatedly thereaf-
ter if considered necessary on clinical grounds.

The liberal transfusion strategy group (liberal 
group) included 775 patients who underwent HFS be-
tween May 2003 and May 2009. In this group, if the Hb 
level was below 10 g/dL within 3 days after surgery, blood 
was transfused as much as needed to maintain the Hb 
level of 10 g/dL or more. 

The restrictive transfusion strategy group (restric-
tive group) included 859 patients who underwent HFS 
between June 2009 and June 2014. All patients in this group 
received intravenously 200 mg (maximum daily dose) of 
iron supplementation (Venoferrum; Vifor, Glattbrugg, Swit-
zerland) before surgery. If the Hb level was below 8 g/dL or 

symptoms or signs of acute anemia (e.g., dizziness, chest 
pain, tachycardia, and persistent hypotension) were pres-
ent, the patient received transfusion in addition to the iron 
supplementation before the surgery. After the surgery, the 
presence of anemic symptoms or signs as well as Hb level 
was monitored. Patients were transfused postoperatively if 
the anemic symptoms or signs developed or the Hb level 
fell below 8 g/dL within 3 postoperative days. 

Except for the transfusion management strategy, all 
surgical procedures and postoperative cares were done in 
the same manner in the two groups. Basic characteristics 
of patients of the two groups are presented in Table 1. Sur-
geons considered patient’s age, presence of osteoporosis, 
underlying comorbidities, activity level before the injury, 

Table 1.  Basic Characteristics of Liberal Transfusion Strategy 
Group (Liberal Group) and Restrictive Transfusion Strategy 
Group (Restrictive Group) 

Variable Liberal group  
(n = 775)

Restrictive 
group  

(n = 859)
p-value

Sex 0.162

   Female 581 617 

   Male 194 242

Age (yr) 78.5 ± 7.9 79.2 ± 7.6 0.050

Body mass index (kg/m2) 20.8 ± 3.8 21.3 ± 3.6 0.007

Charlson comorbidity index 1.5 ± 1.6 1.8 ± 1.7 < 0.001

Koval classification 2.5 ± 1.9 2.4 ± 1.8 0.658

Preoperative Hb level (g/dL) 11.6 ± 1.7 11.4 ± 1.7 0.009

Preoperative anemia 484 (62.5) 592 (68.9) 0.007

Fracture location 0.042

   Femoral neck fracture 341 422

   Intertrochanteric fracture 434 437

Operation < 0.001

   Arthroplasty 650 514

   Internal Fixation 125 345

Anesthesia 0.092

   General  101 138

   Regional 674 721

Follow-up duration (yr) 5.0 ± 3.4 3.0 ± 1.9 < 0.001

Values are presented as mean ± standard deviation or number (%). 
Hb: hemoglobin. 
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and fracture type when they chose the type of operation; 
internal fixation versus arthroplasty. Because the occur-
rence of symptomatic venous thromboembolism (VTE) 
after HFS is rare in East Asian patients even without any 
thromboprophylaxis,19) since 2010, all patients have me-
chanical prophylaxis using intermittent pneumatic com-
pression devices.20) Only patients who have risk factors for 
VTE are medicated with thromboprophylaxis agents.

After discharge, patients were followed up at 6 
weeks, 3 months, 6 months, 9 months, 1 year, and every 
year thereafter. At postoperative 6 weeks, the level of Hb 
was measured. We compared the perioperative blood 
loss (the sum of estimated blood loss during surgery and 
postoperative drainage), the amount of transfusion, dura-
tion of hospital stay, postoperative medical complications 
(myocardial infarction and cerebrovascular event), and 
mortality rate between the two groups. The mortality rate 
was evaluated at postoperative 30, 60, and 90 days. In the 
restrictive group, we investigated adverse reactions of in-
travenous iron supplementation, such as hypersensitivity 
and infusion site reactions. 

Statistical Analysis
The Kolmogorov-Smirnov test was first used to estimate 

the normality, and all continuous variables showed normal 
distribution. We used chi-square test for categorical data 
and the Student t-test for continuous data. Statistical anal-
yses were conducted with the SPSS ver. 16.0 (SPSS Inc., 
Chicago, IL, USA). For all other tests, a two-sided p-value < 
0.05 was considered significant.

RESULTS

No adverse reaction due to intravenous iron supplementa-
tion was identified in the restrictive group. The total blood 
loss was less in the restrictive group than in the liberal 
group (349.3 ± 322.6 vs. 587.5 ± 354.6 mL, p < 0.001). 
Transfusion was performed in 506 patients (65.3%) in the 
liberal group and in 414 patients (48.2%) in the restrictive 
group (p < 0.001). The amount of transfused blood was 
less in the restrictive group than in the liberal group (342.6 ± 
454.5 vs. 576.6 ± 591.8 mL, p < 0.001). 

At 6 weeks after the surgery, in the restrictive group, 
the mean Hb was higher (11.5 vs. 10.9 g/dL, p < 0.001), 
and the proportion of anemia was lower (65.3% vs. 83.5%). 
The mean hospital stay was shorter in the restrictive group 
(21.5 vs. 28.8 days, p < 0.001). There was no significant dif-
ference in medical complications. The mortality at 30, 60, 
and 90 days were similar between the two groups (Table 2).

DISCUSSION

Our study showed that the restrictive transfusion strat-
egy (PBM) combined with preoperative intravenous iron 
supplementation could reduce the rate and amount of 
transfusion after HFS without increasing perioperative 
morbidity and mortality. Furthermore, postoperative Hb 
level at 6 weeks was higher in the restrictive group. Blood 
transfusions are frequently required in HFS of elderly pa-
tients. Yet, the Hb threshold at which blood transfusion is 
necessary remains controversial and only limited number 
of studies on this issue are available.17,21,22) The reduced 
transfusion rate could be derived from the change of trans-
fusion criteria (Hb level, from 10 g/dL to 8 g/dL). But, the 
perioperative morbidity and mortality did not increase in 
the restrictive group.

Some studies have demonstrated the effects of post-
operative intravenous iron supplementation on reduced 
requirement of blood transfusion or on the recovery of 
Hb.23-26) To our understanding, the current study is the 
first one that evaluated the effects of restrictive transfusion 
strategy combined with preoperative iron supplementa-
tion. Considering the time required for erythropoiesis 
after iron supplementation, our results suggest that our 

Table 2.  Comparison between Liberal Transfusion Strategy Group 
(Liberal Group) and Restrictive Transfusion Strategy Group  
(Restrictive Group) 

Variable Liberal group
(n = 775)

Restrictive 
group 

(n = 859)
p-value

Total blood loss (mL)     587.5 ± 354.6 349.3 ± 322.6 < 0.001

Transfused patient        506 (65.3) 414 (48.2) < 0.001

Transfusion amount (mL) 576.6 ± 591.8 342.6 ± 454.5 < 0.001

Hb at 6 weeks (g/dL)       10.9 ± 1.4 11.5 ± 1.5 < 0.001

Anemic patient at 
   postoperative 6 weeks 

647 (83.5) 561 (65.3) < 0.001

Myocardial infarction 1 (0.1) 2 (0.2) 1.000

Cerebrovascular event 6 (0.8) 5 (0.6) 0.765

Hospital stay (day)    28.8 ± 29.9 21.5 ± 36.8 < 0.001

Death within 30 days 10 (1.3) 11 (1.3) 1.000

Death within 60 days 22 (2.8) 26 (3.0) 0.884

Death within 90 days 33 (4.3) 35 (4.1) 0.902

Values are presented as mean ± standard deviation or number (%). 
Hb: hemoglobin. 
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protocol would be more useful in HFS than the restrictive 
strategy alone. Interestingly, the Hb level was higher at 6 
weeks in patients who were given intravenous iron injec-
tion preoperatively.

The use of intravenous iron supplementation has 
several concerns including hypersensitivity, cardiovascular 
events, and infusion site reaction.27) However, a systematic 
review concluded that intravenous iron supplementation is 
not associated with increased risk of drug reactions or in-
fections.28) In our patients, we did not encounter any iron-
related adverse reactions.

Our study is not a randomized clinical study, but it 
is a retrospective study comparing with a historical con-
trol group. In addition, the efficacy of perioperative iron 
supplementation and restrictive strategy were already re-
ported;23-26,29,30) thus, a randomized clinical trial would not 
be ethically justified. Although age, sex, and body mass 

index were similar between both groups, other factors 
including type of surgery such as arthroplasty might have 
affected the outcomes. Our blood management protocol 
consisting of the restrictive transfusion strategy combined 
with preoperative intravenous iron supplementation was 
effective and safe in HFS of elderly patients. 
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