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Abstract 

Introduction 

Blood loss and anemia management is a crucial part of a modern approach after total hip arthro-

plasty. Patients receiving blood transfusions had increased morbidity and longer lengths of stay 

compared to non-transfused patients. The aim of this study is to create an algorithm to predict the 

need of transfusion, give a safe point after that there is no need of further analysis and reduce the 

need of repetitive blood analysis in the days after surgery. 

 

Methods 

Retrospective study of 124 patients without ischemic heart diseases, severe systemic pathologies 

and treatment with anticoagulants who underwent surgery for primary total hip arthroplasty (THA) 

in two different Hospitals. 

Trend of hemoglobin (Hb) levels in the first five days from surgery was analyzed. An algorithm 

was implemented to identify in the first two postoperative days the critical levels of Hb below 

which the risk of transfusion is high or it is necessary to continue with the blood tests. Specificity, 

sensibility and efficiency were calculated in relation to the capability of the algorithm to correctly 

identify transfused patients. 

 

 

Results 

The algorithm found a preoperative Hb ≥ 13 g/dl as a cut off between patients at low-risk or high-

risk for transfusion.  

When parameters were calculated taking account of the best efficiency with the least number of 

false negatives, the algorithm showed a specificity of 84% and a sensitivity of 70% with an effi-

ciency of 80.6%.  

Applying the algorithm, a first postoperative day Hb level > 10g/dl for low-risk patients and a sec-

ond postoperative day Hb level > 11g/dl for high-risk patients led to exclude the risk of transfusion. 

 

Conclusions 

The algorithm suggested critical Hb levels to predict transfusion. In association with clinical data, 

the suggested Hb critical values may be useful to schedule lab tests and early discharge. 

 

 

  



 

 

Introduction 

 

In the last few years, rapid recovery protocols have been introduced for elective primary THA. 

These rapid recovery protocols are based on analysis of clinical care principles and pain manage-

ment in combination with revision of organizational factors, giving an optimized peri-operative pe-

riod that is safe for the patient (1,2).  

Blood loss and anemia management is a crucial part of fast track surgery. Many data are published 

in literature about the transfusion rate after total hip arthroplasty, with incidence from 4.3% to 

86.8% depending on surgeon and national protocols (3-5). An US Nationwide inpatient study re-

ported an increase of blood transfusions after total hip arthroplasties from 11.8% in 2000 to 19.0% 

in 2009 (3). Two regional audits conducted in UK on the appropriateness of blood prescribing prac-

tice showed that in the orthopedic setting 47% and 50% of all red cells were transfused inappropri-

ately, the highest level of all hospital specialties (6,7). 

Patients receiving blood transfusions had increased in-hospital morbidity, longer lengths of stay, 

higher total charges and were less likely to actively participate to rehabilitation protocol compared 

to non-transfused patients (3,8).  

Therefore, adherence to clinical practice guidelines supporting blood management and evidence-

based restrictive strategy of red cell transfusion is an indispensable part of every fast track surgery 

protocol to reduce patient morbidity and enhance recovery (9).  

In this regard, an instrument to predict hemoglobin values variation in the days after surgery and 

risk for transfusion should be useful to schedule an early but safe domestic discharge in fast track 

surgery. 

Aim of this study is to evaluate the hemoglobin values in the days after total hip arthroplasty and to 

create an algorithm that could be a useful for predict the need of transfusion and give a safe point 

after that there is no need of further analysis permitting a safe domestic discharge. Secondary aim of 

this algorithm is to reduce the need of repetitive blood analysis in the days after surgery. 

 

Methods 

In this retrospective study were included 124 patients from two different consecutive series of pa-

tients who underwent surgery for total hip arthroplasty (THA) in two different Hospitals. A stand-

ard post-operative giving of saline, time of blood tests, and pain management with drugs that should 

not cause nausea or hypotension is adopted in both the hospitals. 

The first group (Group A) includes 67 patients treated for primary THA, 36 men and 31 women 

with an average age of 63.9 years (29 - 80 y). Exclusion criteria were femoral fractures, rheumatic 



 

 

diseases, hematologic diseases, ischemic heart diseases, severe systemic pathologies and treatment 

with warfarin or other oral anticoagulants. A direct lateral approach was performed in 37 patients 

and an anterior mini-invasive approach in 30 patients. A reinfusion drain system was used in all pa-

tients and blood reinfused at an average time of 6 hours from the end of the surgical procedure. The 

drainage was maintained for about 24 hours, removed the morning after surgery. A blood test for 

hemoglobin values was performed the day before surgery, 4 hours after surgery and every morning 

for 5 days from surgery. An anti-thrombotic prophylaxis with Enoxaparin sodium was given 12 

hours before surgery, 6 hours after surgery and every evening for at least 20 days, following the na-

tional guidelines for THA.  A standard saline infusion of 1500 cc (100 cc/h for 15 hours) was given 

to all patients. Vital signs as blood pressure, heart rate, nausea were monitored continuously for the 

first 6 hours from surgery and then a standard protocol for stable patients was applied. Full weight 

bearing was allowed to all patients from the first day after surgery.  

Four complications have been recorded in this group: two calcar fractures treated with a metallic 

cerclage, one transient lateral femoral cutaneous nerve palsy and a posterior cortical perforation 

without consequences. There were no cases of hematoma, delayed wound healing, infection or ar-

throplasty dislocation. 

The second group (Group B) includes 57 consecutive patients who underwent primary THA in an-

other hospital but performed by the same senior surgeon, 27 men and 30 women with an average 

age of 66.6 years (46-88 y). Exclusion criteria, anti-thrombotic prophylaxis, timing of blood tests 

after surgery and rehabilitation protocol were the same of the first group. No patient underwent a 

blood reinfusion in this group due to lack of this device in this hospital. A direct lateral approach 

was performed in 16 patients and an anterior mini-invasive approach in 41 patients. 

Four complications has been recorded also in this group: one incomplete calcar fracture treated with 

additional cerclage, 1 posterior cortical perforation without consequences and 2 cases of hematoma. 

There were no cases of delayed wound healing, dislocation or infection. None of the recorded com-

plications has evidenced any consequence on weight-bearing, discharge or final outcome.  

In both groups, the trend of hemoglobin (Hb) levels was analyzed considering the preoperative, 4 

hours post-operative level and the daily exams performed all the mornings in the first five days 

from surgery. A restrictive transfusion strategy has been applied and transfusion were prescribed 

when Hb was below 8 g/dl or for symptoms such as chest pain, orthostatic hypotension and/or tach-

ycardia unresponsive to intravenous fluid supplementation. 

Data were analyzed considering subgroups in relation to surgical approach, transfusion occurrence  

and the belonging to the group A or B as shown in table 2. An algorithm for the prediction of the 

risk of blood transfusion after total hip arthroplasty based on the trend of hemoglobin levels was 

created (see Statistical Analysis).  



 

 

 

Statistical analysis  

Descriptive statistical analysis summarized continuous data by mean and standard deviation (SD) or 

minimum and maximum values.  

Categorical data were summarized by the number and percentage of individuals in each category. 

Student t test for independent samples was used to compare continuous variables in normally dis-

tributed data. Fisher exact test or Person Chi² test were used to compare categorical data. A p value 

<0.05 was considered to be statistically significant. 

An algorithm was implemented to identify in the first two postoperative days the critical levels of 

Hb below which the risk of transfusion is high or it is necessary to continue with the blood tests.  

Since the literature suggests a higher risk of transfusion in patients with low preoperative Hb, the 

algorithm provided two different pathways in relation to a preoperative Hb level greater than or less 

than a calculated critical value “Q”. 

The first pathway of high risk patients with preoperative Hb < “Q” requested blood tests at day 1 

and 2 whose critical values “X” and “R” determined the final risk level of each patient. The second 

pathway of low risk patients with preoperative Hb ≥ “Q” requested blood tests only at day 1 to de-

cide their level of risk based on the critical value “Z”  (Figure 1). 

The algorithm was computed on Excel spreadsheets and tested for the evaluation of binary classifi-

ers applying it to the data of the two samples of patients. “True positive” were considered those pa-

tients classified by the algorithm as at high risk for transfusion which were actually transfused, 

“true negative” those classified as at low risk for transfusion which were not transfused, “false posi-

tive” those patients classified as at high risk for transfusion which were not transfused and “false 

negative” those classified as at low risk for transfusion which were transfused, 

Specificity (spec), sensitivity (sens), positive predictive value (PPV), negative predictive value 

(NPV) and efficiency (eff - percentage of true positives and true negatives) for each possible combi-

nation of the critical values were calculated. 

The critical values for “Q”, “X”, “R” and “Z” were determined considering two criteria: those lead-

ing at the best efficiency with the least number of false negatives and those leading to a sensitivity 

and negative predictive value at 100%. The critical values were calculated separately for group A 

and B and for both groups together. 

 

Results      

Clinical parameters of the patients included in the study are described in table 1. Group A showed a 

significant difference with respect to group B in terms of ASA distribution (more favorable), lower 



 

 

percentage of anterior direct approach and lower percentage of transfused patients. Of the 124 en-

rolled patients, 35 were transfused (28,2%): 18 (51.4%) underwent blood infusion the first 24 hours 

after surgery, 27 (77.1%) in the first 48 hours  and only 2 patients were transfused after 4 days or 

more from surgery.  

Eighteen out of 71 patients (25.3%) operated by the direct anterior approach were transfused com-

pared to 17 out of 53 (32.1%) for the lateral direct approach (NS, Fisher exact test).  A significant 

lower percentage of patients operated by anterior approach underwent blood reinfusion (42.2% vs. 

69.8%, p.<01 Fisher exact test).  

Trend of Hb levels for all the patients, for group A and B and for subgroups are shown on table 2.  

Preoperative Hb values in transfused patients were lower than values in patients not transfused 

(p<0.05) and Hb also remained lower after blood transfusion in the following days (p<0.05).  

Trend of Hb levels in transfused and non-transfused patients was similar with a gradual fall until the 

3° day and an essential stabilization the following days. 

After computing the algorithm with patients data, the critical values for “Q”, “X”, “R” and “Z” 

were determined for group A and B and for both groups together (Table 3). 

The algorithm showed a NPV between 89.8% and 94.6% and a PPV between 52.9% and 70% with 

an eff between 80.6% and 86%.  

In group A, patients with a preoperative Hb levels < 13 g/dl and < 11 g/dl the first day after surgery 

were at high risk of blood transfusion while those with preoperative levels ≥ 13 g/dl where consid-

ered at high risk if at the first postoperative day Hb was < 10g/dl.   

In this scenario, 25.4% of the patients were labelled as high-risk patients and 74.6% as low risk; 

nine patients out of 14 (64.3%) were correctly labelled as high-risk patients and 5 were not (35.7%).  

In group B, patients with preoperative Hb levels < 13 g/dl and Hb < 10g/dl the first and/or the sec-

ond postoperative day were identified as high-risk patients. In those with Hb levels ≥ 13 g/dl, Hb 

level < 9.5g/dl at the first postoperative day was the threshold to label the patient at high risk. In 

this scenario, 35.1% of the patients were labelled as high risk patients and 64.9% as low risk; nine-

teen patients out of 21 were correctly labelled as high risk patients (90.5%) and 2 were not (9.5%).  

With both groups pooled together, whatever the preoperative Hb level, an Hb < 10g/dl the first 

and/or the second postoperative day was the best threshold to identify high risk patients. In this 

case, 29% of the patients were labelled as high-risk patients and 71% as low risk.  

Twenty-eight patients out of the 35 transfused were identified by the algorithm as at high risk 

(80%) the remaining 7 being classified as at low risk (20%).  

Critical values for the algorithm to classify correctly all the transfused patients at high risk (sensitiv-

ity and negative predictive value at 100%) are shown on Table 4. In this scenario, for patients with 

preoperative Hb ≥ 13 g/dl, a first postoperative day Hb level > 10g/dl led to exclude the risk of 



 

 

transfusion; for those with preoperative Hb < 13 g/dl, a second postoperative day Hb level > 11g/dl 

led to exclude the risk of transfusion; 

 

Discussion  

 

In this study, an algorithm was designed to identify individuals at risk of transfusion after THA by 

evaluating the hemoglobin levels in the first two days after surgery. 

The model was developed based on retrospective data of 124 patients operated for hip replacement. 

The first finding is that the preoperative hemoglobin level of 13g/dl has proven a cutoff to distin-

guish two categories of patients with different risk for transfusion. This value has some evidence in 

the literature. In a 1999 study of 9482 patients, Bierbaum et al, found that the frequency of allo-

genic blood transfusion varied with respect to a baseline hemoglobin level of 130 grams per liter or 

less (10). In that same year, a post-hoc analysis of data from a study on Epoetin alfa has found that 

the placebo-treated patients with hemoglobin > 10 to < or = 13 g/dL had an approximately twofold 

greater risk of transfusion than patients with hemoglobin > 13 g/dL (11). Since the presence of pre-

operative anemia in patients operated on for hip replacement is estimated in 24% ± 9%, the defini-

tion of a precise threshold is important for preventive interventions (12). Actually, some studies 

took this value as a reference to decide on different preoperative strategies for reducing the risk of 

transfusions (13,14). Unfortunately, as described by observational studies in Europe, patient blood 

management measures such as iron status assessment and strategies to avoid transfusion are still un-

derused (15). 

Another achievement of the algorithm was the possibility to identify the hemoglobin values to place 

patients into categories of high or low risk of transfusion in the first two postoperative days. When 

the criteria of sensitivity and negative predictive value at 100% are used, the risk of transfusion is 

excluded when a first postoperative day Hb level is greater than 10g/dl for those with preoperative 

Hb ≥ 13 g/dl,; for those with preoperative Hb < 13 g/dl, when Hb level in the second postoperative 

day is greater than 11g/dl.  

Although many studies have investigated the risk factors for blood transfusion in patients undergo-

ing major orthopedic surgery, as far as we know, there are no studies with a methodological ap-

proach such as this in which the critical Hb values were identified in the first two days after surgery. 

This fact on one hand helps to avoid early discharge of the subjects considered at risk and on the 

other to be able to plan the real need for laboratory examination in relation to the patient's risk class. 

Based on our results, after controlling for the first one or two postoperative days, a further examina-

tion in low-risk subjects could be programmed at a distance if the clinical parameters are stable. 



 

 

When the criteria of the best efficiency with the least number of false negatives are used, the algo-

rithm evidenced a good efficiency (between 80.6 % and 86%) with negative predictor values be-

tween 89.8% and 94.6%. In this scenario, only 7 patients on 124 (5%) considered at low risk were 

transfused and only two patients included in the low risk group had a transfusion after 4 days from 

surgery. It is possible that the integration within the algorithm of clinical parameters and vital sign 

could help to identify correctly these patients. With these parameters, the number of low-risk pa-

tients who can be excluded by serial testing is between 65% and 75%. 

The algorithm was implemented using data from two different groups of patients. They had similar 

management but they showed some differences. Group A had a more favorable ASA distribution, a 

systematic use of postoperative blood reinfusion, a prevalence of direct lateral approach and a lower 

transfusion rate. 

Blood reinfusion can be considered a minor bias between the groups. It was performed just three 

hours after surgery, elevated the initial Hb levels after surgery and reduced transfusion rate but did 

not influence Hb trend the following days. 

Rather than being a disadvantage, the use of two relatively homogeneous but somehow different 

groups is a point of strength of the study.  Despite their differences, results obtained by the algo-

rithm seemed consistent therefore potentially valid for all the patients candidate for primary THA 

not affected by ischemic heart diseases or severe systemic pathologies and no treated with warfarin 

or other oral anticoagulants. 

The retrospective design of the study and the lack of integration of clinical parameters and vital sign 

within the algorithm are the main weakness of this study. Furthermore, it must be emphasized that 

no one of the patients in the study had incurred in intra- or perioperative complications at risk for 

unexpected bleeding. Therefore, the algorithm's predictive capability must be considered valid only 

in the absence of such complications. 

In conclusion, this is the first time that an algorithm tries to predict the risk of blood loss and conse-

quent need of transfusion with a restrictive blood management after THA. It suggests critical Hb 

levels to allocate patients in low-risk or high-risk classes and to schedule lab tests and early dis-

charge. 

The implementation with clinical signs would be ideal to make this algorithm more sensitive and 

specific and a prospective study is advisable to confirm results of this work on a larger cohort of 

patients having surgery for total hip arthroplasty.  
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Tables 

 

 

Table 1. Descriptive and clinical data for the two groups of patients 

 

 Group A (n=67) Group B (n=57) p 

Mean age (range) 63.9 (29-80) 66.6 (46-88) NS* 

♂ / ♀ 36/31 27/30 NS§ 

Mean BMI  (St.Dev.) 26.3 (3.6) 26.8 (4.1) NS* 

ASA 1/2/3/4 17/31/19/0 6/34/14/3 <.05 §§ 

Diagnosis     OA 

                     PT 

                     AVN 

                     DDD 

59 

2 

6 

0 

47 

4 

3 

3 

 

Surg.Approach   AD 

                            DL 

30 

37 

41 

16 

<.01 § 

N° pts Tranfused (%) 

♂ / ♀ 

14 (20.9%) 

5/9 

21 (36.8%) 

12/9 

<.05 § 

Avg units per patient 1.8 2.2  

 
BMI=body mass index, OA=primary osteoarthritis; PT=post-traumatic; AVN=avascular necrosis; DDD=dysplasia 
DL=direct lateral, AD= Anterior Direct, Pts= patients * Student t-test; § Fisher exact test; §§ Person Chi square test.  

 

 

 

Table 2. Hemoglobin trend after total hip arthroplasty 
 

Hb 

(g/dl) 

avg±SD 

All Pa-

tients 

 

n=124 

All patients 

Not trans-

fused 

N=89 

All patients 

Transfused 

N=35 

Group A 

Not trans-

fused 

N=53 

Group B 

Not trans-

fused 

n=36 

Dir Lat  

Not trans-

fused     

n= 36 

Ant Dir 

Not trans-

fused     

n= 53 

Pre 14.2±1.3 14.5±1.3 13.4±1.4§ 14.4±1.2 14.6±0.9 14.6±1.3 14.4±0.9 

Day 0 11.6±1.6 12.1±1.1 10.4±1.8§ 12.0±1.1 12.3±1.2 12.0±1.2 12.3±1.1 

Day 1 10.9±1.3 11.2±1.1 9.9±1.0§ 11.3±1.2 11.2±0.9 11.5±1.4* 11.1±0.9 

Day 2 10.1±1.3 10.5±1.1 9.0±1.0§ 10.4±1.2 10.6±1.1 10.7±1.2 10.3±1.0 

Day 3 9.9±1.2 10.2±1.1 9.2±1.0§ 10.3±1.2 10.2±0.9 10.5±1.3* 10.0±0.9 

Day 4 10.0±1.0 10.2±1.1 9.6±0.9§ 10.3±1.1 10.0±1.1 10.4±1.1* 10.0±1.0 

Day 5 10.1±1.2 10.3±1.1 9.7±1.2# 10.3±1.1 10.1±1.3 10.5±1.1* 10.0±1.1 

 
 



 

 

Dir Lat = patients operated with Direct Lateral approach; Ant Dir = patients operated with Anterior Direct approach§ 

p<.01 vs. all patients not transfused; # p<.05 vs. all patients not transfused; * p<.05 vs. Ant Dir not transfused 

 

Table 3. Algorithm parameters and relative diagnostic findings  
 

 Group A  
(n = 67) 

Group B 
(n = 57) 

Both Groups  
(n = 124) 

Q (Hb preOP threshold) 13 13 13 

X (Hb day 1 threshold for Hb preOP < Q) 11 10 10 

Z (Hb day 1 threshold for Hb preOP > Q) 10 9.5 10 

R (Hb day 2 threshold) Not relevant 10 10 

Specificity (%) 84.9 85.4 84.0 

Sensitivity (%) 64.3 87.5 70.0 

PPV (%) 52.9 70.0 58.3 

NPV (%) 90.0 94.6 89.8 

Eff (%) 80.6 86.0 80.6 

High risk patients (TP+FP) (n, %) 17 (25.4%)   20 (35.1%)   36 (29%)   

Low risk patients (TN+FN) (n, %) 50 (74.6%) 37 (64.9%) 88 (71%) 

 

 

 

 

 

Table 4. Algorithm parameters to achieve a negative predictive values of 100% in which all patients 

that have been transfused were correctly labelled as high risk patients. 

 Group A  
(n = 67) 

Group B 
(n = 57) 

Both Groups  
(n = 124) 

Q (Hb preOP threshold) 13 13 13 

X (Hb day 1 threshold for Hb preOP < Q) 11 10 10 

Z (Hb day 1 threshold for Hb preOP > Q) 12.5 11.5 12.5 

R (Hb day 2 threshold) Not relevant 11 11 

Specificity (%) 13.2 36.6 9.6 

Sensitivity (%) 100 100 100 

PPV (%) 23,3 38.1 26.1 

NPV (%) 100 100 100 

Eff (%) 31.3 54.4 31.5 



 

 

High risk patients (TP+FP) (n, %) 60 (89.5%)   47 (70.1%)   115 (92.7%)   

Low risk patients (TN+FN) (n, %) 7 (10.5%) 20 (29.9%) 9 (7.3%) 

 
 

 

 

 

 

 

 

 

Figure 1. Algorithm for the prediction of the risk of blood transfusion based on hemoglobin levels 

after total hip arthroplasty. The values of algorithm parameters have been selected using two differ-

ent criteria (see Methods) 

 

 
 

 

 

 

 



 

 

 

 

 
 


