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Background: Progressive scoliosis in neuromuscular patients often requires a long instrumented spinal fusion. 

Previous studies have shown larger intraoperative blood loss in these patients than those with adolescent idio- 

pathic scoliosis (AIS), but the total blood loss composed of visible and hidden blood loss has not been described 

in this patient population. The aim of our study was to investigate the bleeding characteristics and hidden blood 

loss related to spinal fusion in neuromuscular scoliosis (NMS) as compared to AIS patients. 

Methods: A retrospective cohort study with prospective data collection of NMS patients undergoing segmental 

pedicle screw instrumentation at a university hospital between 2009 and 2021. A comprehensive statistical anal- 

ysis was performed regarding intra- and postoperative blood loss compared to patient characteristics such as age 

and diagnosis. Hidden blood loss was estimated and compared to the total blood loss. We standardized amount 

of bleeding with patient weight and fusion level for further analysis. Consecutive AIS patients served as a control 

population. Eighty-one consecutive patients with NMS (mean age 15.2 years, 37 females) were included and 

their bleeding characters were compared with 199 AIS patients (mean age 15.8 years, 143 females). The primary 

outcome was total blood loss including intraoperative, 24-hour drain output and hidden blood loss. Secondary 

outcome measures included requirement for blood transfusion. 

Results: Neuromuscular patients had a significantly larger total blood loss with mean values of 1914 mL in the 

NMS and 1357 mL in the AIS groups, respectively (p < 0.001). The hidden blood loss was also significantly larger in 

NMS than in AIS group (566 ± 533 mL vs. 398 ± 411 mL, p = 0.0332). Neuromuscular scoliosis was also associated 

with significantly greater weight and levels of fused adjusted intraoperative bleeding (1.79 ml/kg/fused level in 

NMS vs. 0.87 ml/kg/fused level in AIS vs. p < 0.0001) and hidden blood loss (1.00 ml/kg/levels fused vs. 0.65 

ml/kg/fused levels, p = 0.053). NMS diagnosis was also a risk factor for greater hidden blood loss in multivariable 

analysis (p = 0.0011). 24-hour drain output was similar in the NMS and AIS groups. Male gender was a risk factor 

for greater hidden blood loss in the NMS group (p = 0.0429). Fifty-nine (73%) NMS and 27 (14%) AIS patients 

received allogenic red blood cell infusions perioperatively (p < 0.001). 

Conclusions: Hidden blood loss constitutes one-third of total blood loss in children undergoing segmental pedicle 

screw instrumentation for neuromuscular scoliosis. Hidden blood loss is significantly greater in the neuromuscular 

as compared with idiopathic scoliosis. Hidden blood loss should be considered in the perioperative management 

of NMS. 
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ntroduction 

Approximately 25% of the pediatric scoliosis patients have a neuro-

uscular diagnosis [1] . Indications for surgical treatment of neuromus-

ular scoliosis (NMS) include major curvature progression, loss of spinal

alance, and pelvic obliquity affecting sitting balance and/or posture

2–4] . The literature has described different indications for pelvic fix-

tion in neuromuscular scoliosis [ 5 , 6 ]. Non-ambulatory children with

euromuscular scoliosis typically undergo spinal fusion extending from

pper thoracic spine to pelvis [7–10] 

Blood loss is an important factor to acknowledge when perform-

ng posterior spinal fusion (PSF) in pediatric patients, as intraoperative

leeding up to 100% of the patient’s blood volume has been described

n the literature [11] . Voluminous bleeding might be caused by the high

ascularity of the paraspinal muscles, epidural venous plexus, posterior

olumn osteotomies, or bony bleeding during pedicle screw placement.

xcessive intraoperative blood loss has been associated with clotting

bnormalities, hypothermia, and a higher need for blood transfusions.

llogenic blood transfusions increase the risk for postoperative infec-

ion and delays recovery [11–13] . The underlying diagnosis is an im-

ortant factor affecting the blood loss [ 11 , 14 , 15 ]. Patients with NMS

ave a higher risk of intra- and postoperative complications associated

ith surgical treatment than patients with adolescent idiopathic scolio-

is (AIS) [ 1 , 16-18 ]. 

Total blood loss is composed of measurable blood loss such as intra-

perative hemorrhage and drain output [ 19 , 20 ], and hidden blood loss,

efined as blood accumulated intra- and postoperatively into the sur-

ounding tissues and the surgical area [21–23] . Risk factors for higher

ntraoperative bleeding include more severe spinal deformity, longer

urgical time, and more extensive fusion. However, the differences be-

ween patient groups and the characteristics of the patients are not en-

irely known [ 11-13 , 24-28 ]. Gelatin matrix with human thrombin [19] ,

se of plasma blade [29] and anterior approach only [11] , has been

uggested to reduce intraoperative blood loss [ 11 , 15 , 29-31 ]. Postoper-

tive 24 hour drain output often equals the intraoperative blood loss

n adolescents undergoing segmental pedicle screw instrumentation for

IS [ 19 , 20 ]. 

The hidden blood loss (HBL) was first introduced by Sehat and al.

n 2000 [32] , and has since grown its interest in spine surgery research

 21 , 33 , 34 ]. The HBL is thought to be caused by hemolysis, extravasation

f blood into the tissues of the surgical site and subfascial hemorrhage

35–37] . The studies have shown hidden blood loss as a significant part

f the total postoperative bleeding [ 21 , 22 , 35 , 36 ] and it has even ex-

eeded the intraoperative blood loss in some patients undergoing PSF

or AIS [23] . Intraoperative blood loss is known to be larger in neuro-

uscular scoliosis patients as compared to idiopathic, but their bleeding

haracteristics in terms of total blood loss including drain output and

idden blood loss remain poorly understood. 

The aim of our study was to determine the bleeding characteristics

nd especially hidden blood loss in children with neuromuscular scol-

osis undergoing segmental pedicle screw instrumentation. We hypoth-

sized that postoperative drain output and hidden blood loss (per levels

used) would be significantly larger in NMS than in AIS. 

aterial and methods 

We conducted a retrospective cohort study with consecutive children

ndergoing segmental pedicle screw instrumentation for neuromuscular

coliosis at our University Hospital between 2009 and 2021. The data

as prospectively collected in our institutional pediatric spine register.

he findings were compared to a consecutive cohort of patients with

dolescent idiopathic scoliosis undergoing pedicle screw instrumenta-

ion during the same time period. Ethical committee approval was ob-

ained for the study (ETMK 96/1801/2020). 

Preoperative clinical examination and testing were standardized in-

luding upright (sitting in neuromuscular and standing in AIS) pos-
2 
eroanterior and lateral radiographs of the spine. All AIS patients un-

erwent MRI of the spine prior to surgery. Laboratory testing included

 standard coagulation profile (thrombocytes, activated partial throm-

oplastin time [aP-TT], international normalized ratio [INR], throm-

in time [TT]), blood count including hemoglobin (Hb), electrolytes,

reatinine, c-reactive protein (CRP), creatine kinase (CK), procalcitonin

PCT), and Ferritin. 

nesthetic management 

Surgical and anesthetic management were standardized. Anesthesia

as given by a consultant anesthesiologists qualified in pediatric anes-

hesia. Patients received total intravenous anesthesia, including propo-

ol, remifentanil and dexmedetomidine infusion. Normothermia was

aintained throughout the procedure. A mean arterial pressure of 65-75

mHg was maintained during the surgery and 24 hours postoperatively;

oradrenaline infusion was used if needed. All patients received an in-

ravenous bolus of tranexamic acid (30mg/kg, max 1500mg) before the

ncision followed by an infusion (10mg/kg/h, max 500mg/h) during the

rocedure. 

Preoperative surgical planning for implant placement and the need

or posterior column osteotomies was done. In NMS non-ambulatory pa-

ients were fused from upper thoracic level T2/T3 to pelvis. Ambulatory

atients without pelvic obliquity were fused to level L4 or L5, and pa-

ients with pelvic obliquity to S2AI or iliac screws. In AIS the selection

or lowest instrumented vertebra was made according to Lenke classifi-

ation [38] . 

urgical protocol 

The surgery was performed in a prone position, exposing the pos-

erior elements subperiosteally with monopolar electrocautery, includ-

ng careful hemostasis using bipolar and temporary packing. The spinal

eformity was corrected using bilateral segmental pedicle screw in-

trumentation (6.35 Legacy, Solera 6.0, Medtronics Spinal and Biolog-

cs, Memphis, Tennessee, USA; Mesa2, Stryker Spine, USA). Pedicle

crews were inserted using free-hand technique [ 39 , 40 ], with verifi-

ation of screw placement using C-arm and later when that became

vailable, using O -arm [41] . Correction of spinal deformity was per-

ormed using double rod cantilever, direct translation and segmental

ompression/distraction. Autograft from facetectomies and osteotomies

nd bone from a morselized femoral head allograft in the neuromus-

ular scoliosis group were applied on decorticated posterolateral bony

lements to obtain spinal fusion. Patients with AIS received local au-

ograft with bone graft extenders (Tricalcium phosphate and Nanos-

im, Medtronic; iFactor, Cerapedics). Gelatin matrix with human throm-

in (2-4 × 5 mL, Floseal, Baxter) was routinely used to limit bleeding

rom cancellous bone, pedicle screw channels, and epidural space when

erforming posterior column osteotomies. Postoperative wound closure

as carefully performed by the senior and attending surgeon in layers

ncluding running suture for fascia (Vicryl 1), subcutaneous tissue (sub-

ermal, Vicryl 2-0), and skin always with intradermal running suture

Monocryl 3-0). All patients received a single closed suction subfascial

rain (Hemovac Ch 14, Zimmer Biomet, Warsaw, Indiana, US). The op-

rations were performed by a single experienced pediatric orthopedic

pine surgeon (IH), together with another attending pediatric orthope-

ic surgeon. 

Neurophysiological monitoring was conducted routinely at specific

perational time points (incision, full exposure, after pedicle screw in-

ertion, correction completed, and after wound closure) and every 20

inutes intraoperatively. All patients received cefuroxime and van-

omycin as antibiotic prophylaxis at induction and three doses post-

peratively. The hemoglobin threshold level for allogenic red blood cell

ransfusion was 80 g/L. Fresh frozen plasma was given if the blood loss

eached 50% of the estimated blood volume of the patient. Platelets
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Fig. 1. Calculation methods for hidden blood loss [ 21 , 35 , 42 , 43 ]. 
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ere infused if blood loss exceeded 100% of the blood volume. The es-

imated blood volume of the patient was calculated using the formula

0ml/kg x weight (kg). 

Intraoperative bleeding was estimated by measuring the amount of

lood suctioned from the surgical site and absorbed into the surgical

rapes, with the subtraction of the amount of fluid used for irrigation.

he amount of perioperative bleeding 24-hour postoperative drain out-

ut and the intra- and postoperative transfusion rate were used as bleed-

ng markers. Cell saver was utilized for intraoperative blood salvage in

6% of the NMS patients, and 50% of the AIS patients, and the autol-

gous blood was returned to the patients. Subfascial Ch14 closed suc-

ion drain was routinely removed 24 hours postoperatively. A combined

leeding marker was also applied to estimate the total bleeding. 

utcomes 

The primary outcome was total blood loss. Total measured blood

oss included intraoperative blood loss and 24-hour drain output. Total

lood loss included intraoperative blood loss, 24-hour drain output, and

alculated hidden blood loss. Secondary outcomes included autologous

cell saver) and allogenic blood transfusion rate (red blood cell units,

resh frozen plasma, and thrombocytes). 

tatistical analysis 

Comprehensive statistical analysis was performed with JMP Pro

6.2. Linear fit was used for suitable data and nonparametric tests were

pplied for nonparametric data. Hidden blood loss was calculated ac-

ording to principles demonstrated in previous publications and visu-

lized in Fig. 1 . The pre- and postoperative hematocrit levels and es-

imated patient blood volume are utilized to calculate an approximate

f the total blood loss. The amount of infused blood is added, and the
easured blood loss is subtracted from this estimated total blood loss in (  

3 
rder to find out the hidden blood loss [ 21 , 35 , 42 , 43 ]. Total bleeding was

alculated combining intraoperative blood loss, drain output and hidden

lood loss. The amount of bleeding was also divided with the patient

eight and number of fused levels for further analysis (ml/kg/fused

evel). 

esults 

aseline characteristics 

Our data included 81 consecutive children with NMS and their find-

ngs were compared to 199 adolescents with AIS ( Table 1 ). One NMS

atient was excluded based on a complication that led to reoperation

ithin the first postoperative day. Mean age ± SD of the patients was

5.5 ± 2.5 years and 180 (64%) of the patients were female. Opera-

ive time was significantly longer in the NMS than in the AIS group

mean 4.2 ± 1.2 hours vs. 3.1 ± 0.9 hours, p < 0.001). Posterior column os-

eotomies were performed for a total of 39 NMS patients and 49 AIS

atients, on average 3.49 ± 0.25 in NMS, and 2.96 ± 0.22 in AIS, the

ifference of which did not have statistical significance p = 0.1920. 

ntraoperative blood loss 

Intraoperative blood loss was significantly larger in the NMS than in

he AIS group (mean ± SD 1085 ± 1049 mL vs. 554 ± 349 mL, p < 0.001).

his difference persisted when adjusted for weight and the number of

evels fused (mean 1.79 vs. 0.87 ml/kg/levels fused, p < 0.001). 

rain output 

The mean 24 hour drain output was significantly larger in the NMS

han in the AIS group, with means of 566 ± 208 mL and 489 ml ± 188 mL

p = 0.0294) ( Table 1 ). When adjusted for weight and number of levels
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Table 1 

Clinical characteristics of the study groups. 

NMS (N = 81) AIS (N = 199) p value ∗ 

Age 15.2 ± 3.4 15.6 ± 2.1 p = 0.201 

Gender (M/F) 44/37 56/143 p < 0.001 

Major curve, degrees 

Preoperatively 

Postoperatively 

72 ± 18 

20 ± 12 

52 ± 8 
12 ± 5 

p < 0.001 

p < 0.001 

Pelvic 

instrumentation, n 

(%) 

63 (77) % 0/0 

Osteotomies, n, 

mean ± SD 

39, 3.49 ± 0.25 49, 2.96 ± 0.22 0.1920 

Intraoperative 

bleeding (mL) 

1085 ± 1049 554 ± 349 p < 0.001 

Drain output (mL) 566 ± 208 489 ± 188 p = 0.0294 

Hidden blood loss 

(mL) 

566 ± 533 398 ± 411 p = 0.0332 

Total measured 

bleeding (mL) 

1348 ± 1066 965 ± 453 p < 0.001 

Total bleeding (mL) 1914 ± 1006 1358 ± 544 p < 0.001 

Posterior time (h) 4.2 ± 0.13 3.08 ± 0.07 p < 0.001 

Values are Mean ± SD for continuous variables and numbers (percentages) for categorical 

variables. 
∗ Statistical comparisons were performed using Mann-Whitney U -test for continuous vari- 

ables and x 2 -test for categorical variables. 
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used, NMS patients tended to bleed slightly more, but this difference

id not reach statistical significance (0.87 ± 0.36 mL/kg/fused level vs.

.78 ± 0.35 mL/kg/fused level, p = 0.1645). 

idden blood loss 

The hidden blood loss was significantly larger in NMS than in AIS

roup (566 ± 533 mL vs. 398 ± 411 mL, p = 0.0332) ( Table 1 ). When ad-

usted for patient weight and fusion level, this difference reached border-

ine significance (1.00 ml/kg/levels fused vs. 0.65 ml/kg/fused levels,

 = 0.053). 

otal blood loss 

Neuromuscular patients had a significantly larger total blood loss

ith mean values of 1914 ± 1006 mL in the NMS and 1358 ± 544 mL

n the AIS group (p < 0.0001). The adjusted total blood loss was signif-

cantly higher in NMS than in AIS group (2.67 mL/kg/level vs. 2.03

L/kg/level, p < 0.001). The hidden blood loss was 31% of total blood

oss in the NMS patients and 27% in the AIS group (p = 0.3055). 

ariables explaining bleeding characters 

In the NMS group male patients had significantly greater hidden

lood loss than female patients (mean 1.13 ± 0.17 ml/kg/level, 0.84 ±
.19 ml/kg/level, respectively, p = 0.0429). Similarly, in the AIS group

ale patients had significantly greater intraoperative blood loss (p =
.014). Drain output (ml/kg/level) did not differ between the genders in

ither group. Age or the number of osteotomies did not have any signif-

cant correlation with bleeding outcome parameters. In both NMS and

IS groups longer operative time correlated to greater intraoperative

lood loss (ml/kg/levels fused, p < 0.001 for both comparisons), while it

id not have any association with hidden blood loss. The preoperative

ain curve Cobb angle correlated positively to total bleeding in NMS,

 = 0.0473. This finding was not seen in AIS. 

ultivariable regression analysis 

Multivariable regression analysis was performed in order to con-

rol for demographic differences in NMS versus AIS patients in bleeding

utcomes in ml/kg/level of fusion. The patients’ diagnosis (NMS/AIS),
4 
ex, age and preoperative major curve Cobb angle degree were in-

luded as effects in the multivariable analysis, as the patient weight

nd fusion level were already included in the adjusted amount of bleed-

ng in ml/kg/level. Regarding intraoperative, total measured and total

leeding, preoperative major curve degree was a significant risk fac-

or, p < 0.001 for each. Diagnosis was a significant risk factor for hidden

lood loss, p = 0.0011. There were no significant risk factors for drainage

leeding in this multivariable analysis. 

eed for blood products 

Red blood cell transfusions were significantly more often needed in

he NMS group (p = 0.0017), Table 2 . The same tendency was noted in

latelets as 7 patients in NMS group received platelet transfusion com-

ared to none in the AIS group (p < 0.001). Similarly, NMS patients re-

eived significantly more fresh frozen human plasma (42/81, 52% for

MS and 31/199, 16% for AIS, p < 0.001). A majority of the NMS pa-

ients (55/64, 86%) received intraoperative autologous blood transfu-

ion compared to the AIS group (86/171, 47%). The adjusted amount

f Cell-Saver autologous blood transfusion (ml/kg/fused levels) received

as significantly higher in the NMS than in the AIS group (p < 0.001). 

iscussion 

Based on our study hidden blood loss is a significant source of bleed-

ng in children undergoing segmental pedicle screw instrumentation for

MS, representing one-third of total calculated blood loss. Hidden blood

oss was significantly larger in the NMS than in the AIS group. In ac-

ordance with previous studies NMS patients had significantly larger

ntraoperative blood loss [ 11 , 13 , 14 , 44 ], but similar amount of 24 hour

rain output. In the current study the number of fused levels had no

ignificant impact on the total perioperative bleeding in NMS group on

he contrary as described in several previous studies [ 12 , 13 , 15 ]. Longer

perative time was associated with greater blood loss. 

There was no correlation between fusion level and greater intraop-

rative or hidden blood loss in NMS patients in the current study, but

usion level correlated with significantly higher drainage bleeding in

MS patients. The impact of fusion levels to the perioperative bleeding

as been described in the literature previously in scoliosis patients un-

ergoing spinal fusion. Meert et al. (2002) and Cristante et al. (2014)

escribed fusion level as an independent risk factor for greater blood
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Table 2 

Need for blood transfusion in the study groups. 

NMS 

(N = 81) 

AIS 

(N = 199) P value + 

Allogenic RBC 

N (%) 

ml/kg 

59 (73%) 

18.2 ± 21.2 

27 (14%) 

9.1 ± 7.1 

p < 0.001 

p = 0.0017 

Thrombocytes 

N (%) 

ml/kg 

7 (9%) 

23.9 ± 22.8 

0 (0%) p < 0.001 

p < 0.001 

Fresh frozen plasma 

N (%) 

ml/kg 

42 (52%) 

15.4 ± 13.7 

31 (16%) 

7.0 ± 3.47 

p < 0.001 

p < 0.001 

Autologous RBC 

infusion 

N (%) 

ml/kg 

55 (86%) 

5.5 ± 6.9 

86 (47%) 

2.8 ± 1.6 

p < 0.001 

p < 0.001 

Values are Mean ± SD for continuous variables and numbers (percentages) for categorical 

variables. 
∗ Statistical comparisons were performed using Mann-Whitney U -test for continuous vari- 

ables and x 2 -test for categorical variables. 

Table 3 

Regression analysis. 

bleeding ml/kg/level NMS vs AIS sex age main curve Multivariable 

Intraoperative blood 

loss 

< 0.001 0.006 - < 0.001 Main curve 

< 0.001 

Drainage bleeding - - - - 

Total measured 

bleeding 

0.0395 0.0565 < 0.001 Main curve 

< 0.001 

Hidden blood loss 0.0524 - - - NMS vs AIS 

0.0011 

Total blood loss < 0.001 0.0171 - < 0.001 Main curve 

< 0.001 

P-values from regression analysis concerning patient demographics. Left side, univariable analysis, right side multivariable analysis. 
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oss in combined NMS/AIS dataset, but no comparison between AIS and

MS patients was demonstrated [ 12 , 15 ]. Jia et al. (2017) found a signif-

cant difference comparing groups of massive (estimated intraoperative

lood loss [EBL]/total blood volume [TBV] > 30%) and minor blood

oss (EBL/TBV < 30%) to fusion level on a dataset consisting of solely

MS patients. They described level means of 11.2 ± 1.84 and 12.24 ±
.19 for minor and major blood loss respectively [13] . In comparison, in

ur dataset NMS patients have had more levels fused (mean + SD 16.6

 1.4) and 80% (65/81) of our NMS patients had a fusion of 15 to 17

ertebrae. 

When adjusting the HBL for patient weight and fusion level the dif-

erence between groups resulted only borderline significance. We cal-

ulated the difference with adjusting the hidden blood loss only with

atient weight and the difference between AIS and NMS was again sta-

istically significant, 16.4 ± 1.3 ml/kg in NMS and 7.1 ± 0.77 ml/kg

n AIS, p = 0.0003, NMS patients bleed significantly more, which might

xplain the borderline significance, as hidden blood loss might not cor-

elate to fusion level. 

omparison to previous data 

Hidden blood loss constitutes a significant proportion of total bleed-

ng after posterior instrumented spinal fusion [ 21-23 , 35 ]. In the study

f Wang et al. [21] hidden blood loss accounted over 50% of total blood

oss in AIS patients. In our study, the hidden blood loss in NMS patients

onstituted one third of total blood loss, which is also clinically relevant

n typically small sized neuromuscular patients with associated comor-

idities. Hidden blood loss was significantly larger in the NMS than in

he AIS group, and the difference between the two diagnostic groups

as also seen in the multivariable regression analysis, p = 0.0011. Al-

ost 87% of the NMS patients needed allogenic red blood cell infu-
5 
ion. Despite larger intraoperative blood loss, drain output was similar

n the NMS and AIS patients. In the neuromuscular patients, the poste-

ior spinal exposure extends from the upper thoracic spine to the pelvis.

t is therefore possible, that a single subfascial drain might not be suffi-

ient to evacuate all postoperative bleeding and therefore hidden blood

oss becomes larger in the neuromuscular group. 

In previous studies male gender has been associated with greater

leeding especially in AIS [45] but also in NMS group [24] . In the cur-

ent study, the male patients in the NMS group demonstrated larger hid-

en blood loss and in the AIS group they had larger intraoperative blood

oss. Age was not significantly associated with the bleeding in the cur-

ent study. Toombs et al. (2013) and Jia et al. (2017) described a positive

orrelation between bleeding and older age in neuromuscular scoliosis

atients undergoing spinal fusion [ 13 , 24 ]. Our analyses were adjusted

or patient weight, which might explain this difference as younger pa-

ients tend to be smaller. 

According to predetermined criteria for blood transfusion patients,

he NMS patients required significantly more often both autogenic and

llogenic red blood cell infusion as well as fresh frozen plasma. Similar

esults have also previously been described in the literature [15] . 

As the hidden blood loss plays a role in postoperative bleeding af-

er posterior spinal fusion in NMS patients, the minimization of HBL

hould be considered. The previous literature suggest fusionless strate-

ies or diminishing the implant density to reduce the hidden blood

oss in correction of scoliosis, [ 23 , 46-48 ] yet these methods have been

ainly researched with adults [ 47 , 48 ] or patients with idiopathic scol-

osis [ 23 , 46 ]. Miladi et al. recently suggested that ‘bipolar technique’ in-

luding upper thoracic instrumentation and pelvic fixation reduces both

perative time and blood loss, while it remains unclear how sustainable

his technique remains without spinal fusion [49] . This technique likely

ill reduce also hidden blood loss. Controllable risk factors for hidden
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lood loss in NMS patients might include the optimization of laboratory

evels, nutrition status or other risk factors already preoperatively. Yet,

hey remain unclear, which leaves open question for further studies. 

trengths and limitations 

The strengths of our study are a relatively large consecutive number

f NMS patients whose results were compared with AIS patients under-

oing similar type of operation (segmental pedicle screw instrumenta-

ion) using prospectively collected data from a pediatric spine register.

nesthetic management was standardized including tranexamic acid bo-

us and infusion as previously published [50] .To our knowledge, this is

he largest study cohort from a single center with standardized surgi-

al and anesthetic protocol assessing bleeding characteristics in NMS

atients. This is the first paper to report hidden blood loss in NMS pa-

ients. 

We have chosen to remove the subcutaneous drain routinely after 24

ours as up to 18% of drains will be contaminated, and the frequency

f contaminated drain tips markedly increases after 24 hours [51] . It is

ossible that continued bleeding occurs after this time point and there-

ore hidden blood loss was calculated. 

The main limitation in our study setting is its retrospective design

ased on a prospective pediatric spine database. Spinal fusions in NMS

nd AIS patients are very different in nature. The NMS patients are gen-

rally smaller and have more comorbidities. The surgery is often more

xtensive in the NMS patients, with longer fusion and fusion to pelvis. 

onclusion 

Hidden blood loss constitutes one-third of total blood loss in children

ndergoing segmental pedicle screw instrumentation for neuromuscu-

ar scoliosis, and hidden blood loss is a significantly larger in these pa-

ients as compared to AIS. As the neuromuscular patients typically have

maller blood volume, and this significant source of bleeding should be

onsidered in the perioperative management of these patients. Major-

ty (86%) of patients with NMS needed autogenous or allogenic blood

ransfusion. 
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