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Postoperative Blood Loss Including Hidden Blood Loss in Early and
Late Surgery Using Percutaneous Pedicle Screws for Traumatic
Thoracolumbar Fracture
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Abstract:
Introduction: Some reports revealed that hidden blood loss (HBL) during surgery for traumatic thoracolumbar fracture

cannot be ignored, even when using a percutaneous approach. Using percutaneous pedicle screws (PPS) for traumatic thora-

columbar fracture, this study aimed to compare estimate blood loss (EBL), including HBL, between early and late fixation.

Methods: This investigation was a retrospective study. In the present study, data from 39 patients who underwent poste-

rior spinal stabilization using PPS for single-level thoracolumbar fracture have been included. We divided the patients into

an early group (group E) (n=20) in whom surgery was conducted within 3 days of fracture and a late group (group L) (n=

19) in whom surgery was conducted more than 3 days after fracture. We evaluated hemoglobin (Hb) on the day of injury,

and 1, 3 or 4, and 7 days after surgery, EBL, HBL, and transfusion requirement.

Results: Hb on day 1 (group E: 12.2±1.7 g/dL, group L: 12.3±1.6 g/dL) was significantly less than that on the injured

day (group E: 14.2±1.7 g/dL, group L: 13.9±1.7 g/dL) in both groups. The values of Hb and EBL were not significantly

different at any time between the two groups. HBL (group E: 487±266 mL, group L: 386±305 mL) was not significantly

different between the two groups. No patients required transfusion in either group.

Conclusions: EBL in early fixation using PPS for traumatic thoracolumbar fracture is not significantly different com-

pared with that in late surgery from days 1 to 7 postoperatively. Early fixation using PPS for traumatic thoracolumbar frac-

ture does not result in negative outcomes any more than those in late surgery in terms of blood loss.
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Introduction

In general, early surgery for traumatic thoracolumbar frac-

ture decreases complications and morbidity compared with

late surgery1-4). These results lead to a “spine damage control

(SDC)” concept5,6). By contrast, intraoperative blood loss

during surgery for traumatic thoracolumbar fracture cannot

be ignored7), especially at the early acute phase of surgery.

Using percutaneous pedicle screws (PPS) for fixation of

traumatic thoracolumbar fracture has been found to result in

less visible intraoperative blood loss than conventional open

surgery8-10). However, some reports revealed that hidden

blood loss (HBL) during surgery for traumatic thoracolum-

bar fracture cannot be ignored, even when using a percuta-

neous approach11-13). Using PPS for traumatic thoracolumbar

fracture, this study aimed to compare blood loss, including

HBL, between early and late fixation.

Materials and Methods

The medical ethics committee of our hospital approved

the present study. All patients provided informed consent to

use all patient data. This investigation was a retrospective

study. In the present study, data from 39 patients who un-

derwent posterior spinal stabilization using PPS for single-

level traumatic thoracolumbar fracture due to high-energy

trauma, such as a fall, traffic accident, or sports between

February 2013 and May 2020 have been included. Exclusion
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criteria included age over 70 years, osteoporotic or patho-

logical vertebral fracture, patients with other trauma requir-

ing surgery, those with hemothorax requiring a chest drain,

those who underwent spinal stabilization for multilevel spi-

nal fractures, and dislocation fracture, those with severe pa-

ralysis that requires the fracture site to be opened for reduc-

tion or decompression, and lack of data. Surgery was indi-

cated for fractures associated with neurological deficit, a

large degree of axial compression (>50%), >20 degrees of

angulation, or posterior tension band disruption. Surgery

was conducted on the earliest day convenient for the sur-

geon, anesthesiologist, and operating room availability. At

surgery, PPSs were inserted using fluoroscopy, and vertebro-

plasty using hydroxyapatite blocks was conducted when the

fractured vertebral body remained compressed while the pa-

tient was in a prone position. Early surgery was defined as

that within 3 days after trauma1-4). We divided the patients

into an early group (group E) (n=20) in whom surgery was

conducted within 3 days of fracture and a late group (group

L) (n=19) in whom surgery was conducted more than 3

days after fracture. We evaluated the demographics of pa-

tients (age, sex, height, weight, location of the injured verte-

bra, fracture type (AO classification)14), and vertebral body

compression ratio (VBCR=anterior vertebral height/posterior

vertebral height)15), surgical data (range of stabilization and

vertebroplasty), intraoperative blood loss (IBL), hemoglobin

(Hb) on the day of injury, and 1, 3 or 4, and 7 days after

surgery, Hb change, estimated blood loss (EBL), HBL, and

transfusion requirement. EBL was calculated by blood vol-

ume from the Nadler formula16) and Hb change11,17). The for-

mula used was as follows:

Women’s blood volume (L)=height (m)3×0.356+weight

(kg)×0.033+0.183

Men’s blood volume (L)=height (m)3×0.367+weight (kg)×

0.032+0.604

Hbloss (g)=Blood volume (L)×{Hbinj (g/L)−Hbpost (g/L)}+

26.5 (g)×(transfusion unit)

EBL (mL)={Hbloss (g/L)/Hbinj (g/L)}×1000

HBL (mL)=EBLday 1 (mL)−IBL (mL)

Hbinj: Hb on injured day, Hbpost: Hb on 1, 3 or 4, and 7

days after surgery, EBLday 1: EBL on day 1

Statistical analysis

All data are expressed as mean±standard deviation. A

Mann-Whitney U test, chi square test, Student t test, and

Fisher exact test were used to compare age, height, weight,

injured level, stabilized range, vertebroplasty, IBL, Hb, Hb

change, EBL, and HBL. Differences with p<0.05 were con-

sidered to be significant. All statistical analyses were con-

ducted using IBM SPSS Statistics for Windows (version 22;

IBM Corp, Armonk, NY).

Results

No significant differences were found in the demograph-

ics between the two groups (Table 1). IBL (group E: 103±

106 mL, group L: 56±57 mL) was not significantly different

between the two groups (p=0.35) (Table 1). Hb on day 1

(group E: 12.2±1.7 g/dL, group L: 12.3±1.6 g/dL) was sig-

nificantly less than that on the day of injury (group E: 14.2±

1.7 g/dL, group L: 13.9±1.7 g/dL) in both groups (p<0.01)

(Fig. 1, 2). Hb on days 3-4 did not change significantly in

either group (group E: 12.4±1.7 g/dL, group L: 12.4±1.7 g/

dL) from levels on day 1 (Fig. 1, 2). Although Hb on day 7

(12.4±1.5 g/dL) did not increase compared with that of days

3-4 in group L, that of group E (12.4±1.5 g/dL) increased

significantly compared with that of days 3-4 in group E

(Fig. 1, 2). However, the values of Hb were not significantly

different at any times between the two groups (Table 1). Al-

though EBL on days 1 and 3-4 of group E (day 1: 590±267

mL, days 3-4: 551±289 mL) tended to be greater than that

of the L group (day 1: 441±301 mL, days 3-4: 398±369

mL), no significant differences between the two groups ex-

ist. (Table 1, Fig. 3). In group E, EBL of day 7 (380±205

mL) was significantly less than that on days 3-4 (p=0.01).

By contrast, in group L, EBL of day 7 (416±356 mL)

showed no change from that of days 3-4. EBL on day 7 was

not significantly different between groups (group E: 380±

205 mL, group L: 416±356 mL). EBL was not significantly

different at any time between the two groups (day 1 and

days 3-4: p=0.21, day 7: p=0.91) (Table 1, Fig. 3). HBL

(group E: 487±266 mL, group L: 386±305 mL) was not sig-

nificantly different between the two groups (p=0.35) (Table

1). No patients required transfusion in either group.

Discussion

The role of HBL in orthopedic surgery has gained in-

creasing attention since Sehat et al first proposed the con-

cept in 200018). HBL is caused by the extravasation of blood

into tissues in substantial amounts, presence of residual

blood in the joint, and blood loss due to hemolysis19). In

traumatic thoracolumbar fracture, the clinical importance of

HBL has been reported11-13). The rate of HBL in surgery for

traumatic thoracolumbar fracture has been reported as 65%-

74% and is especially high in surgery using PPS compared

with that using a paraspinal or conventional open ap-

proach12). Therefore, considering not only IBL but also EBL

including HBL in surgery for traumatic thoracolumbar frac-

ture is necessary, especially in surgery using PPS. EBL,

IBL, and HBL in surgery using PPS are lower than those

using a paraspinal or conventional open approach12). EBL in

surgery for traumatic thoracolumbar fracture using a conven-

tional open method was over 1000 mL11), when calculating

EBL using the same formula as used in this study. In the

present study, EBL in surgery using PPS was 590 mL in

group E and 441 mL in group L. These results indicated

that EBL in surgery using PPS was less than that using a

conventional open method, which is consistent with a previ-

ous report12).

To our knowledge, a comparison of blood loss including

HBL between early and late fixation using PPS for trau-
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Figure　1.　Hemoglobin change in group E.

Table　1.　Patient Background and Perioperative Outcomes in Each Group.

Variable Group E (n=20) Group L (n=19) 

Age (years) 45.9±16.3 46.3±17.3 N.S.* (p=0.95)

Sex (M: male, F: female) M 15, F 5 M 13, F 6 N.S.* (p=0.73)

Height (cm) 168.0±8.2 164.1±6.8 N.S.* (p=0.11)

Weight (kg) 65.5±14.7 59.7±12.2 N.S.* (p=0.35)

Injured level T3: 1

T12: 4

L1: 9

L2: 5

L4: 1

T10: 1

T12: 2

L1: 8

L2: 6

L3: 1

L4: 1

N.S.* (p=0.71)

Fracture type A2: 0

A3: 8

A4: 3

B1: 3

B2: 6

A2: 1

A3: 4

A4: 7

B1: 2

B2: 5

N.S.* (p=0.38)

VBCR** 0.65±0.09 0.67±0.14 N.S.* (p=0.89)

Stabilized range 1above1below: 12

2above2below: 8

1above1below: 13

2above2below: 6

N.S.* (p=0.74)

Vertebroplasty Yes 10, No 10 Yes 9, No 10 N.S.* (p>0.99)

Intraoperative blood loss (ml) 103±106 56±57 N.S.* (p=0.35)

Hb on injured day (g/dl) 14.2±1.7 13.9±1.7 N.S.* (p=0.45)

Hb on Day 1 (g/dl) 12.2±1.7 12.3±1.6 N.S.* (p=0.87)

Hb on Days 3–4 (g/dl) 12.4±1.7 12.4±1.7 N.S.* (p=0.86)

Hb on Day 7 (g/dl) 12.9±1.6 12.4±1.5 N.S.* (p=0.23)

Hb change Day 1 (g/dl) 2.0±0.9 1.6±1.1 N.S.* (p=0.29)

Hb change Days 3–4 (g/dl) 1.8±0.9 1.5±1.4 N.S.* (p=0.18)

Hb change Day 7 (g/dl) 1.3±0.7 1.5±1.4 N.S.* (p=0.87)

Estimated blood loss Day 1 (ml) 590±267 441±301 N.S.* (p=0.12)

Estimated blood loss Days 3–4 (ml) 551±289 398±369 N.S.* (p=0.12)

Estimated blood loss Day 7 (ml) 380±205 416±356 N.S.* (p=0.91)

Hidden blood loss (ml) 487±266 386±305 N.S.* (p=0.35)

Transfusion rate 0% 0%

N.S. *: not significant (p>0.05)

VBCR**: vertebral body compression rate
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Figure　2.　Hemoglobin change in group L.

Figure　3.　Estimated blood loss volume from admission to the 1st, 3rd or 4th, and 7th days after sur-

gery.

matic thoracolumbar fracture has not been reported. Com-

pared with late surgery, early surgery might generate a dif-

ference in EBL. The results of the present study showed

that, although Hb on day 1 was significantly less than that

on the day of injury in both groups, IBL, Hb change day 1,

EBL day 1, and HBL were not significantly different be-

tween the two groups. Moreover, the difference did not re-

sult in negative clinical outcomes such as requiring transfu-

sion or symptomatic hypotension. To our knowledge, no re-

ports of the course of EBL after surgery for traumatic thora-

columbar fracture exist. Here, we reported the course of

EBL from days 1 to 7 after surgery. Although EBL in early

surgery at days 1 and 3-4 postoperatively tended to be

greater than that after late surgery, the differences were not

significant and no patients required transfusion during that

period. The difference in EBL at days 1 and 3-4 postopera-

tively between the two groups was not clinically important.

Furthermore, EBL in early surgery at 7 days postoperatively

was similar to that in the late surgery group. To conclude,

early fixation using PPS for traumatic thoracolumbar frac-

ture does not result in negative outcomes any more than

those in late surgery in terms of blood loss, although this

conclusion is limited by the small sample size and tendency

for high blood loss in either instance.

There are some limitations in the present study. The sam-

ple size is small. If sample size was bigger, some variables

might be significantly different between the groups. SDC is

effective, especially in the case of polytrauma with a high

injury severity score1,5). Because, in the present study, we ex-

amined the blood loss of surgery for traumatic thoracolum-

bar fracture, and polytrauma patients have many factors re-

lated to bleeding, comparing groups with the same parame-
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ters is challenging. Therefore, the present study did not

compare blood loss including HBL between early and late

fixation using PPS for traumatic thoracolumbar fracture in

patients with polytrauma patients. To understand the blood

loss in surgery using PPS for traumatic thoracolumbar frac-

ture in polytrauma patients, further study is required.
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