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Abstract
Purpose  The aim of this study was to evaluate the factors associated with timing of lowest hemoglobin (Hb) level and the 
need for postoperative blood transfusion in posterior spinal fusion for adolescent idiopathic scoliosis.
Methods  We conducted a retrospective review of all adolescent scoliosis patients undergoing posterior spinal fusion at our institu-
tion, 2002–2014. Surgery consisted of segmental pedicle screw fixation using multi-level pedicle screws. Blood-saving techniques 
were used in all patients. Data included Cobb angle, pre- and postoperative Hb levels, preoperative autologous blood donation 
(PABD), surgery duration, and allogeneic or autologous transfusion. We used linear and logistic regressions for statistical analysis.
Results  There were 456 patients (402 female, 54 male), mean age 16 ± 5 years. Lowest Hb was observed on postoperative 
Days 2 (32.2%) and 3 (33.3%); 45.1% of postoperative transfusions occurred on Day 2. One hundred and eighty-eight (41%) 
patients who provided PABD had significantly lower preoperative Hb and received more transfusions intraoperatively (22.6% 
vs. 5.2%) and postoperatively (20% vs. 6.3%) than others. Probability of transfusion increased 49.6 (95% CI 17.40–141.37) 
times with preoperative Hb < 11 g/dL as compared to preoperative Hb > 14 g/dL. Probability of transfusion increased 4.3- 
and 9.8-fold when surgery duration exceeded 5 and 6 h, respectively. Probability of transfusion increased 3.3- and 5.3-fold 
with Cobb angle > 70° and 80°, respectively.
Conclusions  We identified clear patient-specific perioperative parameters that affect risk of perioperative blood transfusion, 
including Cobb angle, PABD and preoperative Hb. Hb measurement beyond postoperative Day 3 is considered unnecessary 
unless clinically indicated.
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Key points 

1. Reduction in transfusion of blood products is a goal for spine surgery;

2. Hemoglobin (Hb) is an important outcome measure used to decide on 
when to give post-operative transfusion; 

3. We aim to study the timing of lowest Hb factors affecting that timing 
and predictors of blood transfusion.

Soliman HAG, Beausejour M, Joncas J, Roy-Beaudry M, Barchi S, Mac-Thiong J-M, 
Labelle H, Grimard G, Parent S (2019) Predicting lowest hemoglobin level and risk of 
blood transfusion in spinal fusion surgery for adolescent idiopathic scoliosis. Eur Spine J;

Hb, hemoglobin count.
a Day 0, day of surgery; Days 1-6, postopera�ve days 1-6.

Day 0 a Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Hb pre-surgery

 (mean ± SD), g/dL
11.3 ± 1.8 11.5 ± 1.8 12.4 ± 1.4 12.5 ± 1.6 128 ± 1.5 12.5 ± 1.7 11.2 ± 1.7 

Lowest Hb (mean ± SD), g/dL 7.2 ± 1.1 8.2 ± 1.8 7.9 ± 1.1 8 ± 1.2 8 ± 1 8.24± 1. 7.5 ± 1.1

Es�mated blood volume

 (mean ± SD), mL

3400

± 

661.0

3496

± 

900.7

3801

± 

1293

3907

± 

1485

4335

± 

1221

4133

± 

979

3543

± 

1500

Blood loss (mean ± SD), mL

1117.7

± 

434.7

902.2

± 

643.1

1023

± 

618.7

1113.4

± 

726.5

929

± 

472.5

884

± 

533.2

848.4

± 

447.8

Blood loss, % 32.8 25.8 26.0 28.0 21.4 21,4 23,9

Transfusion, intraopera�ve (N) 19 10 41 42 9 4 2 

Transfusion, postopera�ve (N) 12 15 51 26 9 0 0 

Hb at discharge (mean ± SD), g/dL  9.2 ± 0.9 9.38± 1.33 9.2 ± 1 9.07 ± 0.9 9.1 ± 1 8.67  ± 0.8 7.48 ± 0.6

Pre- and postopera�ve haemoglobin. Intraopera�ve blood loss and blood transfusion 
intra- and postopera�vely according to day of lowest Hb. (No. of pa�ents 456) 

Soliman HAG, Beausejour M, Joncas J, Roy-Beaudry M, Barchi S, Mac-Thiong J-M,  
Labelle H, Grimard G, Parent S (2019) Predicting lowest hemoglobin level and risk of 
blood transfusion in spinal fusion surgery for adolescent idiopathic scoliosis. Eur Spine J;

Take Home Messages

1. Patient-specific peri-operative parameters affect the timing for 
lowest Hb and the risk of peri-operative transfusion after posterior 
fusion for AIS.

2. Lowest Hb occurs mostly the second or third day after posterior 
fusion for AIS.

3. Transfusion is mostly required the second post-operative day. 
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Introduction

Blood loss and the ensuing need for blood transfusion 
remain a major concern in corrective surgery for adoles-
cent idiopathic scoliosis (AIS) [1–4]. Despite pharmaco-
logical and non-pharmacological blood-saving techniques 
such as tranexamic acid infusion, cell salvage, meticulous 
hemostasis with electrocautery, controlled hypotension, 
and warmed fluids and warming blanket to avoid hypother-
mia and minimize bleeding, blood loss during posterior 
spinal fusion can be substantial.

Hemoglobin (Hb) count is an important factor in decid-
ing when to give postoperative blood transfusion [5–7]. 
Although predictive risk factors for postoperative transfu-
sion are reported in the literature [2, 6, 8–11], the timing 
of lowest Hb levels, the factors affecting that timing and 
hence the timing of blood transfusion are unclear. Moreo-
ver, how these predictors affect the risk is not clear. Both 
autologous and allogeneic blood transfusions are associ-
ated with potential morbidity, longer hospital stays and 
higher costs [12–14].

The objective of this study was to better understand the 
effects of specific patient and surgical parameters on the 
risk of transfusion.

Methods

Participants and study design

We aimed to study the timing of lowest Hb, the factors 
affecting that timing, and the ensuing predictors of blood 
transfusion. With approval from the institutional research 
ethics board, we performed a retrospective analysis of a 
prospectively collected surgical database at our institution. 
Information was available from 2002 to 2014.

For each patient, the following information was 
recorded in the database:

1.	 Preoperative data: Age, sex, estimated blood vol-
ume using patient weight, autologous blood donation 
(PABD), Hb level, Cobb angle

2.	 Intraoperative data: Percentage of blood loss, duration of 
surgery, intraoperative allogeneic or autologous transfu-
sion

3.	 Postoperative data: Hb levels, postoperative allogeneic 
or autologous transfusion.

Hb was measured and recorded on the day of surgery 
and daily for 6 days thereafter. The day that Hb was lowest 
over the course of the entire postoperative hospital stay 

was used for statistical analysis, whether or not the patient 
was transfused.

Surgical technique

All patients underwent segmental pedicle screw fixation 
using multi-level pedicle screws. Facetectomies were per-
formed at all levels to increase flexibility and to facilitate 
spinal fusion. Decortication of transverse processes and 
laminae was performed for each instrumented vertebra. 
Fusion was augmented by autogenous local bone graft 
obtained from facet joints and spinous processes mixed 
with bone substitute. No drain was used.

Blood-saving techniques were used in all patients and 
therefore not analyzed as independent risk factors. These 
techniques included tranexamic acid, intraoperative sal-
vage of shed blood (cell saver), monopolar dissection, 
hypotensive anesthesia and warming blanket.

Statistical analysis

The primary outcome was the timing of lowest Hb. Sec-
ondary outcomes included the timing of transfusion and 
associated factors (independent variables such as preop-
erative Hb level, PABD, estimated blood volume, duration 
of surgery, percentage of blood loss, intraoperative trans-
fusion), as well as Hb at discharge. All data were analyzed 
using IBM SPSS Statistics 20. Bivariate associations were 
tested with ANOVA, logistic regression, Chi-square and 
Kruskal–Wallis tests. Multivariate associations were tested 
with linear regression models and multinomial logistic 
regression, at a significance level of 0.05.

Results

Participants

In total, 456 patients (402 female and 54 male) were 
included in the analysis. The mean age of the cohort was 
16 ± 5 years. In all, 188 patients (41%) gave PABD.

Patient demographics, Lenke classification as well as 
pre- and postoperative curve magnitudes are given in 
Table 1.

Hb levels after surgery

The lowest measured Hb was observed on postoperative 
Days 2 (147 patients, 32.2% of cohort) and 3 (152 patients, 
33.3%). Hb before discharge improved as compared to 
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lowest Hb, whether patients were transfused or not: Mean 
Hb loss at lowest Hb was 4.1 ± 0.5 g/Dl, while mean Hb loss 
at discharge was 2.1 ± 0.7 g/dL (Table 2). Hb at discharge 
showed no significant difference between transfused and 
non-transfused patients (P = 0.7).

Predictors of lowest Hb level

Significant bivariate associations were found between the 
timing of lowest Hb and the preoperative Hb level, PABD, 
weight/estimated blood volume, intraoperative blood loss 
and intraoperative blood transfusion. Multivariate analysis 
showed that PABD and weight/estimated blood volume were 
predictors of the timing of lowest Hb level (P = 0.012 and 
0.003, respectively).

Predictors of early versus late lowest Hb

Patients who did not give PABD were more likely to reach 
lowest Hb on Day 2 or 3 versus Day 0 or 1 (OR 3.547; 95% 
CI 1.534–8.202; P = 0.003) (Table 3). They were less likely 
to reach lowest Hb at Days 2–3 versus Days 4–6 (OR 0.425; 
95% CI 0.227–0.797; P = 0.008) (Table 4). Not having an 
intraoperative transfusion was also a significant factor in 
lowest Hb at Days 2–3 versus Days 4–6 (OR 0.450; 95% CI 
0.207–0.978; P = 0.044).

Blood transfusion (Tables 2 and 5)

In total, 234 (51.2%) patients required transfusions, 127 
(27.8%) during the surgery itself (Table 5). Of 113 patients 
with postoperative transfusions, 12 (10.6%) were trans-
fused on Day 0, 15 (13.3%) on Day 1, 51 (45.1%) on Day 

Table 1   Demographics, preoperative and postoperative Cobb angel, duration of surgery and Lenke classification of all patients

No. of patients 456
Age (mean ± SD), years 15.6 ± 4.9
Weight (mean ± SD), kg 56.1 ± 21.3
Height (mean ± SD), cm 157.1 ± 19.3
Preoperative Cobb angle (°) 56.1 ± 16.7
Postoperative Cobb angle (°) 15.7 ± 5.6
Duration of surgery (min) 288.3 ± 92.5
Lenke types (no. of patients)
 Type 1 199
 Type 2 44
 Type 3 83
 Type 4 30
 Type 5 49
 Type 6 51

Table 2   Pre- and postoperative hemoglobin. Intraoperative blood loss and blood transfusion intra- and postoperatively according to day of low-
est Hb

Hb hemoglobin count
a Day 0, day of surgery; Days 1–6, postoperative Days 1–6

Day 0a Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Hb pre-surgery (mean ± SD), g/dL 11.3 ± 1.8 11.5 ± 1.8 12.4 ± 1.4 12.5 ± 1.6 128 ± 1.5 12.5 ± 1.7 11.2 ± 1.7
Lowest Hb (mean ± SD), g/dL 7.2 ± 1.1 8.2 ± 1.8 7.9 ± 1.1 8 ± 1.2 8 ± 1 8.24 ±  1. 7.5 ± 1.1
Estimated blood volume 

(mean ± SD), mL
3400 ± 661.0 3496 ± 900.7 3801 ± 1293 3907 ± 1485 4335 ± 1221 4133 ± 979 3543 ± 1500

Blood loss (mean ± SD), mL 1117.7 ± 434.7 902.2 ± 643.1 1023 ± 618.7 1113.4 ± 726.5 929 ± 472.5 884 ± 533.2 848.4 ± 447.8
Blood loss,  % 32.8 25.8 26.0 28.0 21.4 21.4 23.9
Transfusion, intraoperative (N) 19 10 41 42 9 4 2
Transfusion, postoperative (N) 12 15 51 26 9 0 0
Hb at discharge (mean ± SD), g/dL 9.2 ± 0.9 9.38 ± 1.33 9.2 ± 1 9.07 ± 0.9 9.1 ± 1 8.67 ± 0.8 7.48 ± 0.6
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2, 26 patients (23.0%) on Day 3 and 9 (8.0%) on Day 4. No 
transfusions were required after the fourth day.

Patients who gave PABD had significantly lower 
preoperative Hb levels (11.4 ± 1.37  g/dL; P < 0.001) 
than patients who did not give PABD (13.4 ± 1.4 g/dL; 
P < 0.001). They received significantly more transfusions 
both intraoperatively (22.6% vs. 5.2%) and postoperatively 
(20% vs. 6.3%).

The transfusion trigger value was significantly higher 
in patients who gave PABD than in those who did not 
(7.4 ± 0.9 g/dL vs. 7 ± 0.83 g/dL, respectively; P = 0.029).

Changes in trigger value and PABD over time

Comparing transfusion trigger values over the first 5 years 
of the study and the last 5 years showed that mean Hb for 
patients with surgery in 2006 or earlier was 7.65 ± 0.84 g/dL; 
starting in 2010, it was 7.3 ± 1.02 g/dL. This difference was 
not statistically significant (P = 0.135, Mann–Whitney test).

PABD was performed much less after 2006. The rela-
tionship between PABD and date of surgery was significant 
(P < 0.001).

Predictors of blood transfusion

Significant bivariate associations (P < 0.01) were found 
between blood transfusion and preoperative Hb, PABD, 
Cobb angle, duration of surgery, preoperative estimated 
blood volume and percentage of blood loss (Table 6). The 
probability of transfusion changed significantly for different 
levels of preoperative Hb, preoperative Cobb angle, duration 
of surgery and patient weight.

Odds ratios for the association between blood transfu-
sion and preoperative Hb, using Hb > 14 g/dL as reference, 
showed that the probability of transfusion was 3.33 times 
greater (95% CI 1.21–9.18) when the preoperative Hb was 
13–14 g/dL. The probability of transfusion increased 5.47-
fold (95% CI 2.00–14.98) for Hb 12 and 26.8-fold (95% 
CI 9.59–74.8) for Hb 11. The probability of transfusion 
increased 49.6-fold (95% CI 17.40–141.37) when the pre-
operative Hb < 11 g/dL.

Table 3   Predictors of timing 
of lowest Hb on postoperative 
Days 2–3 versus Days 0–1

Hb hemoglobin count, PABD preoperative autologous blood donation

Predictors of timing of lowest Hb P value Odds ratio 95% Confidence interval

Lower bound Upper bound

Weight 0.066 1.029 0.998 1.061
Surgery duration 0.238 1.002 0.998 1.006
Pre-op Hb level 0.338 1.014 0.986 1.043
Percent blood loss 0.651 1.009 0.971 1.049
No intraoperative transfusion 0.825 0.922 0.448 1.898
No PADB 0.003 3.547 1.534 8.202

Table 4   Predictors of timing 
of lowest Hb on postoperative 
Days 2–3 versus Days 4–6

Hb hemoglobin count, PABD preoperative autologous blood donation

Predictors of timing of lowest Hb P value Odds ratio 95% Confidence interval

Lower bound Upper bound

Weight 0.166 0.993 0.984 1.003
Surgery duration 0.222 0.998 0.995 1.001
Pre-op Hb level 0.444 1.008 0.987 1.030
Percent blood loss 0.295 1.017 0.985 1.051
No intraoperative transfusion 0.044 0.450 0.207 0.978
No PABD 0.008 0.425 0.227 0.797

Table 5   Intra- and postoperative blood transfusion (allogeneic and 
autologous)

Type and timing of transfusion Number of patients (%)

Intraoperative transfusion 127 (27.8%)
 Allogeneic 24 (5.2%)
 Autologous 103 (22.6%)

Postoperative transfusion 113 (24.8%)
 Allogeneic 32 (7.0%)
 Autologous 81 (17.7%)

Total patients transfused 234 (51.2%)
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Curve magnitude as measured by Cobb angle was signifi-
cantly associated with an increased probability of transfusion. 
With a Cobb angle above 70° and 80°, the probability of trans-
fusion increased 3.31 (1.70–6.44) and 5.36 (2.40–11.97) times, 
respectively. For major curves under 70°, however, there was 
no significant increase.

Surgery exceeding 5 and 6 h increased the probability of 
transfusion by 4.3 (1.84–10.14) and 9.8 (4.06–23.9) times, 
respectively, relative to duration less than 3 h.

For blood loss > 45% of estimated blood volume, the prob-
ability of transfusion increased (OR 1.94; 95% CI 1.01–3.71). 
No significant changes occurred with less loss of blood.

The patient’s weight was associated with a significant 
increase in transfusion probability when < 40 kg or when 
40–60 kg, with reference to no transfusion above 60 kg (OR 
3.79; 95% CI 1.81–7.91, and OR 2.02; 95% CI 1.27–3.21, 
respectively).

Multivariate analyses suggested that the effect of all predic-
tors except PABD was similar for allogeneic and autologous 
transfusions (Table 6). PABD, however, increased the likeli-
hood of autologous transfusion 77 times but had no significant 
effect on allogeneic transfusion.

Multiple predictors in any one patient increased the risk of 
transfusion. For example, nine patients had an Hb level < 11 g/
dL, with Cobb angle > 80°, and duration of surgery > 360 min; 
all (100%) were transfused. A total of 63 patients had an Hb 
level < 13 g/dL, with Cobb angle > 70°, and duration of sur-
gery > 300 min; 81% received transfusions.

Discussion

This study showed that the lowest Hb levels occurred mostly 
on the second (32.2%) and third (33.3%) postoperative days. 
The mean Hb loss at lowest Hb was 4.1 ± 0.5 g/dL, which 

supports the recommendations for starting surgery at Hb 
levels ≥ 5 g/dL above the transfusion trigger value in order 
to minimize the need for transfusion [7].

Results showed that patients who provided PABD started 
surgery at significantly lower Hb levels than patients who 
did not, making PABD a major predictor of both blood trans-
fusion and the timing of lowest postoperative Hb. Moreover, 
patients who provided PABD received significantly more 
transfusions, both intra- and postoperatively, than those 
who did not. This is in agreement with previous reports that 
PABD caused iatrogenic anemia and increased the transfu-
sion rate; further, PABD is expensive [15–17].

In our study, PABD did in fact increase the rate of over-
all, but not allogeneic, transfusion. The potential economic 
benefit of not routinely offering PABD was not directly 
assessed in this study; intuitively, it could be a cost-saving 
measure. Cutting PABD would also reduce transfusion-asso-
ciated morbidity and make the overall surgical trajectory 
less time-consuming for both patient and family. We believe 
that family counseling should include a discussion about 
PABD-associated risks.

Postoperative transfusion occurred most frequently on the 
second (45.1%) and third (23%) postoperative days. Only 
three of the patients needed allogeneic transfusion after the 
third postoperative day. Taking into account the timing of 
lowest Hb and most likely transfusion, it would seem that in 
AIS patients undergoing posterior spinal fusion, Hb analysis 
beyond the third postoperative day is therefore unnecessary 
unless clinically indicated.

Current postoperative management for patients with AIS 
includes routine daily measurement of Hb by venipuncture. 
This procedure adds to nursing time, cost of care, patient 
discomfort, and potential needlestick injury of healthcare 
professionals. There is no clear evidence for length of Hb 
measurement after surgery. The results of this study suggest 

Table 6   Effect of predictors 
on the probability of autogenic 
or allogenic blood transfusion. 
The reference category did not 
receive transfusions

Hb hemoglobin count, PABD preoperative autologous blood donation

Blood transfusion (intraop-
erative or postoperative)

Predictor Odds ratio 95% Confidence interval

Lower bound Upper bound

Autologous Pre-op Hb level 0.896 0.863 0.930
Percent of blood loss 1.084 1.031 1.139
Surgery duration 1.005 1.000 1.009
Pre-op Cobb angle 1.038 1.011 1.067
Weight 0.965 0.934 0.998
PABD 76.68 28.58 205.71

Allogeneic or both Pre-op Hb level 0.865 0.828 0.905
Percent of blood loss 1.218 1.140 1.301
Surgery duration 1.007 1.003 1.012
Pre-op Cobb angle 1.037 1.007 1.067
Weight 0.922 0.887 0.959
PABD 1.566 0.571 4.295
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that Hb measurements after the third postoperative day may 
not be necessary unless clinically indicated. Limiting Hb 
measurement to 3 postoperative days would shorten hospital 
stay, in addition to the other considerations listed earlier.

Our results showed significant increases in the probability 
of transfusion by 4.3 and 9.8 times when the duration of 
surgery exceeded 5 and 6 h, respectively, as compared to 
less than 3 h. This confirms a previous study reporting an 
association between longer operative time and greater need 
for blood transfusion [18, 19].

Our findings are important for surgeons performing spi-
nal fusion in the context of AIS. Predicting who may be 
at higher risk also enables better preoperative counseling 
of patients and families. Our results showed that the risk 
of transfusion varies significantly with change in predictor 
values. For instance, patients starting surgery at Hb < 11 g/
dL are at a 49-fold greater risk of transfusion that those with 
preoperative Hb > 14 g/dL. Patients with a Cobb angle > 80° 
are at fivefold increased risk of transfusion. This knowledge 
gives us reason to operate as soon as curves reach 50°, rather 
than waiting for further curve progression. Keeping in mind 
the prolonged waiting times in our healthcare system, physi-
cians might counsel families to start the process early on by 
signing up on waiting lists.

The main limitation of this study is the lack of strict trans-
fusion trigger values, as it is a retrospective study of patients 
operated over a time span of 12 years. It was not possible to 
set strict transfusion trigger values in the absence of clear 
parameters in the literature to decide on when to transfuse, 
especially when Hb was 7–10 g/dL. However, a comparison 
of the first 5 years to the last 5 years of the study showed 
no significant difference in trigger value. We observed that 
postoperative transfusion occurred at higher transfusion 
trigger values in patients who gave PABD, which could be 
explained by the tendency to avoid wastage of PABD. Our 
institution is also heavily involved in blood transfusion pro-
tocols, and this could explain the stricter trigger values over 
the course of the study [20–24]. Another limitation was that 
we did not investigate the effect of fluid management and flu-
ids perfused during and after the surgery, which may affect 
the timing of lowest Hb.

Conclusion

We have identified clear patient-specific perioperative 
parameters that affect the risk of perioperative blood trans-
fusion. These factors include preoperative Hb levels, PABD, 
Cobb angle, duration of surgery, preoperative estimated 
blood volume and intraoperative blood loss. We believe that 
a better understanding of these parameters can lead to better 
preoperative prediction, assessment and counseling regard-
ing the risk of blood transfusions.

Lowest Hb occurs mostly on the second or third day fol-
lowing posterior spinal fusion for AIS. However, transfusion 
is most often required on the second and maybe third post-
operative day. In AIS patients undergoing posterior spinal 
fusion, Hb analysis beyond the third postoperative day is 
therefore considered unnecessary unless clinically indicated.
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