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Abstract

Background contextPrevious studies have shown that modern
intraoperative bloogaving techniques dramatically reduce the
allogeneic transfusion requirements in surgery fdolescent
idiopathic scoliosis (AIS). No studies have lookadthe pattern of
postoperative hemoglobin (Hb) in AlSatients undergoing
corrective spinal surgery and correlated this witte timing of
allogeneic transfusion.



PurposeTo describe the pattern of perioperative blood loss
instrumented surgery for AIS. We look at the recoemdations
regarding an ideal preoperative Hb, the need feoperative cross
matching, and the timing of postoperative Hb anialys

Study designThis was a retrospective case series. Surgeries wer
performed by one of four substantive pediatric spisurgeons
within a single regional ceépr over a 3year period.

Patient sampleA consecutive series of 86 patients who
underwent posterior instrumented fusion for AlS evarcluded: 10
males and 76 females. Mean age was 14 years (rdhgg years).
All patients had posterior instrumented fusiosing various blood
saving techniques (eg, cedhver). All patients were crossatched
preoperatively, and our transfusion trigger valli€\{) was 7 g/ dL.
Qutcome measuresHemoglobin level was the outcome measure.
Hemoglobin readings were obtained precgterely, within 2 hours
of surgery, and daily up to 5 days after surgerlgisTphysiologic
measure was assessed using routine blood sam@aingniques and
standardized laboratory processing.

MethodsPatient predictor variables (demographic and swlyic
were assessed for association with Hb levels ineadnchical model,
with repeated Hb readings at the lower level bashugtered within
an individual patient at the upper level of theusture. The
variation of Hb levels within individuals was conmea with mean
levels in different individuals via the variancerption coefficient of
the model structure.

ResultsNo patients required intraoperative allogeneic sfasion.
Only four patients (4.65%) received allogeneic wsfusion, all
within 2 days of sur@ry. A clinically important drop in Hb occurred
within the first 2 postoperative days, rising thafter. The average



postoperative drop in Hb was 4.1 g/dL. Young malesd lower
postoperative Hb values. Neither the preoperativere magnitude
(Cobb angleof major curve) nor the number of vertebrae/levels
fused significantly affected the blood loss.

ConclusionsWe recommend setting a minimum preoperative Hb
value that is 5 g/dlhigher than your TTV. Because no patients
required an intraoperative transfusion when usingdern blood
saving techniques, preoperative crasatching is unnecessary and
potentially wasteful of blood reserves. Hemoglohimalysis beyond
the second post@pative day is unnecessary unless clinically
indicated.

Keywords: Scoliosis;AdolescentHemoglobin;Blood
loss; Transfusion

Introduction

Corrective surgery for adolescent idiopathic scsibo(AlS)
puts the patient at a risk of allogeneic transfashecause of the
extent of exposure, complexity of the surgery, douger operative
times[1-4]. Bowen etal.[3] found pediatric idiopathic scoliosis
patients twice as likely to require transfusionthwa surgical time of
more than 6 hours. Allogeneic trafusion carries the risks of
sensitization, transfusion reactions, disease trassion, and
surgical site infection5,6]. The rate of hospitadcquired infection
rose from 3% to 20% when patients received allogeb®od[7].

Historically, a highpercentage of patients received allogeneic
blood to replace surgical blood logg. With the use of modern
blood conserving techniques, blood loss and the afsallogeneic
blood for transfusion have reduced significarj8y10]. Various
blood conserving methods have been adopted in §mEnegery.



Tranexamic acid (TXA) has shown a definite bendht both
arthroplasty and spinal surgery at reducing blomssland the need
for a transfusiorf4,11-17]. A placebecontrolled study in pediatric
patients undergoing scoliosis surgery found thaAT&duced blood
loss by 41%15]. Cell salvage has been shown to reduce allogeneic
transfusion rates in spinal surgdBy18,19] but recent review
articles show little evidence to support its rowinseg12,14] A
nonrandomized study has even showed increased bloaditothe
cell-saver groug20]. Preoperative autologous blood donation has
had mixed reports in the literatuj21-25].

Corrective surgery for AlS is performed on a reguasis at
our institution. Our od-saving protocol uses a combination of
techniques, such as TXA infusion, ecehlvage, meticulous
hemostasis with electrocautery, controlled hypotems(mean
blood pressure of 560 mmHg), and warmed fluids and warming
blanket(avoiding hypothermia). @r institution has low allogeneic
transfusion rates because of these technif@jesDespite our low
allogeneic transfusion rate, all patients are perapively cross
matched for 1to 2 adult units (lur270 mL) of blood.

Our patients are manageguostoperatively according to a
documented protocol that dictates a minimum of 2ysddigh
dependency care, standardized fluid supplementatttomaintain
mean blood pressure above 60 mmHg, and daily blaodlysis.
Our documented transfusion trigger val(ETV) is 7 g/dL. Low
TTVs have been shown to safely lower allogeneicnsfasion
rates[8,9,26]

This study was aimed at answering a number of qaest



What is the pattern of postoperative blood lossonrective
surgery for AIS?

What is an accepble preoperative hemoglobin (Hb) level in
corrective surgery for AIS?

Is preoperative crossatching necessary?

When should postoperative Hb analysis occur?

Is our view of the need for transfusion absolutdjew
perhaps it should be relative?

Methods

This was a retrospective review of consecutive diteh
undergoing instrumented posterior spinal fusion AGS at our
institution. Theater records were used to ident®g children
between May 2008 and September 2011. Most childhad a
preoperatve magnetic resonance imaging scan that confirmed
idiopathic scoliosis.

Surgeries were performed by four substantive pedtiat
spinal surgeons. Segmental fixation was used incales. One
wound drain was routinely placed superficial to theep fascia
during wound closure. Anesthesia was provided by mwbstantive
pediatric anesthetists using a standardized teahmitjyo child was
excluded from the study or lost to follewp. There has not been any
conflict of interest.



For each case the following information was recakde
gender, curve type, bloesaving methods (ie, TXA, cedaver,
monopolar dissection, hypotensive anesthesia, anarmang
blanket), whether or not chemical prophylaxis (emparin) was
administered during the perioperative period, agsurgery, Cobb
angle[27] before and after surgery, number of vertebrae idetlin
fixation, reinfused blood celaver volume, crystalloid and colloid
volume given during surgery, drain volume, and peative Hb
level. Curve types were classified according to kertal.[28] and
grouped into whether the major curve was thoracic o
thoracolumbar/lumbar.

During the perioperative period, Hb level is rowginused to
measure the functional blood volume (in respeabgfgen carrying
capacity) and, indectly, the blood loss. Therefore the outcome
measure recorded was Hb level. This physiologic snea was
assessed using routine blood sampling technigudsséandardized
laboratory processing. For each patient, a numlereadings of
this measure were ade, taken within 2 hours of surgery and daily
up to 5 days after surgery. Not all measurementsewaken from
each patient on every measurement occasion: whieost all
patients supplied at least three readings, onlyirsomty of patients
supplied four or five readings. No patient supplimare than five
readings. Intrapatient changes in Hb levels fronsddlae were
recorded for each set of readings.

Modeling strategy and model specification
Patient predictor variables were assessed for giciuin a
hierarchical model, with repeated Hb measuremefhtsparticular
patient at the lower level (Level 1) being clustkravithin an
individual patient at the upper level (Level 2) tfe structure.



Following a screening procedure, in which any valeafound not to
be associated with the outcome measure in an unclbed model
was eliminated from further consideration, a subskpredictors
was derived, based on the considerations of mateiéasured by
changes in the likelihood ratio statistic. Parametstimates and
standard errors, with associated p values, wer@nted for each
included parameter in a final parsimonious tlegel multiple
regression model. All variables were assessedddimearity before
entry into any model, and an adequate ratio of €asevariables
was maintained in all models.

The assessment of the patient data structure walstdded
by the determination of the variance partition d¢aedfnt. This is a
measure of the extent to which repeated Hb readiraya specific
individuals vary compared with mean levels in diffat individuals.

All analysis was undertaken using the multilevel debing
software MLwiN(version 2.25) (Centre for MultilevéModelling),
using the terated general least squares procedure for pammet
estimation. The sample size of 86 was assesseddaquacy to
detect a difference in the outcomes for a multigdgression study
of this design with a medium or large effect sizbe ratio of fitted
variables in the final multiple model to sampleesizas controlled
to ensure the stability of parameter estimates.

Results
Descriptivesummary of data

Ten males and 76 females were included in the amsglgged
between 10 and 17 years. There was no ficant difference in
mean age between males and females (p=.122). Aladeaphic
and studied data, where available, are summarizedable 1



Variables corresponding to the number of blesl/ing methods
used during surgery and the type of curve wé&raend not to
discriminate sufficiently between patients. Theseiables were not
included in subsequent analyses.

Table 1 Summary of individualevel health/demographic variables

Individuaklevel categorical variables Frequency (valid %)

Gender

Male 10(11.6)
Female 76(88.4)
Curve type

Thoracic (left or right) 78(91)
Thoracolumbar/lumbar (left or right) 8(9)
Tranexamic acid given during surgery

Yes 83(97.6)
No 2(2.4)
Cell-saver used during surgery

Yes 67(80.7)
No 16(19.3)
Monopolar dissection used during surgery

Yes 83(100.0)
No 0(0.0)
Hypotensive anesthesia used during surgery

Yes 83(100.0)
No 0(0.0)
Warming blanket used during surgery

Yes 83(100.0)
No 0(0.0)



Individuaklevel categorical variables

Enoxaparin administered postoperatively
Yes

No

Individuallevel numerical variables

Age (y)

Age (males), y

Age (females), y

Cobb angle before surger’) (

Cobb angle after surger§)(

Number ofvertebrae included in fixation
Reinfused blood celaver volume (mL)
Crystalloid volume given during surgery (mL)
Colloid volume given during surgery (mL)
Drain volume (mL)
Preoperativédnemoglobin value (g/dL)
Hemoglobin value within 2 h of surgery
Hemoglobin value 1 d after surgery (g/dL)
Hemoglobin value 2 d after surgery (g/dL)
Hemoglobin value 3 d after surgery (g/dL)
Hemoglobin value 4 d after surgery (g/dL)

Hemoglobin value 5 d after surgery (g/dL)

SD, standard deviation.

Frequency (valid %)

23(28.0)

59 (72.0)
Mean (SD)
14.0(1.57)
14.6(1.17)
13.8(1.57)
64.4(13.8)
21.0(7.61)
10.2(2.23)
197(177)
1,636(648)
694(502)
73.2(101)
13.4(1.09)
10.7(1.07)
9.91(1.26)
9.24(1.22)
9.36(1.54)
9.37(1.23)

10.2(1.40)

Our sample is typical of the population to which wesh

to generalize our results: in age, diagnosis, andisalgrocedure.

All children had normal pre and postoperative coagulation

(platelets and prothrombin/activated partial thraplastin times)



and renal function. For reasons unknown, estimédiedd loss vas
not recorded in enough patients to be includedhia $tudy. Four
children were transfused allogeneic blood in thestpperative
period (one child on Day 1 and three children ony23a. Two of
them were transfused despite an Hb level above AlGr speciic

TTV.

Table 2summarizes the intrapatient changes in Hb levels at
all measured time points from baseline. Althoughldrap in Hb
levels from preoperative levels to levels recorddthin 2 hours of
surgery may be observed, there was no monotonicdtra Hb
levels over the Way postoperative period. Mean Hb levels (plus
associated confidence intervals) over a period sjpagn from
preoperative to 4 days after surgery are illustdate Fig. L An
insufficient number of readings were taken on Dayp he hcluded
in the figure. The wide confidence intervals asabed with readings
taken on Day 3 and 4 reflect the relatively low nuwens of patients
from whom readings were taken on those days.

Table 2 Intrapatient reduction in Hb levels from baseline

Time Mean SD
2h 2.64 0.88
1d 3.46 0.95
2d 4.10 1.02
3d 4.04 1.23
4d 3.97 1.14
5d 3.10 2.26

Hb, hemoglobin; SD, standard deviation.
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Fig. 1 Mean Hb levels (and associated 95% confidence vaisj}:
preoperative to 4 days after surgery. Hemoglobin.

Changes in Hb levels for individual patients ovené¢ are
illustrated irFig.2, for male and female patients separately,
andFig. 3, for patients with highX13 g/dL) and low (<13 g/dL)
preoperative Hb leveldzor both males and females, minimum Hb
levels appear to occur in general around Day 2 anHor patients
with high preoperative Hb levels, the trend in sedpsent Hb levels
Is unclear. For patients with low preoperative Kldls, minimum
Hb levels appeato occur in general around Day 2 and 3. A small
number of patients in this subgroup experiencedllasion of levels
between the surgery and Day
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Pre-operative HB level >=13.0 (n= 56 )
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Fig. 3 (Top and Bottom) Hb levels for individual patierdseach
measured time point (data partitioned by preopeealtib levels).
Hb, hemoglobin.

Uncontrolled regression models

Comparison of likelihood ratio statistiGsssociated with a
two-level null model and a simple multilevel regressiomodel
indicated that inclusion of all patieidvel factors and covariates
with the exception of theertebraecovariate resulted in a
significantly better model fit. These variablegere thus carried



forward to the further stages of the modeling pssceOutput from
this series of models is summarizedTiable 3

Table 3 Partial regression coefficients, likelihood ratiasstics, and p values: uncontrolled

multilevel regression models

Variable Estimate Standard error LRS ALRS*
Gender (M=0) -1.95 0.299 871599 34.363
Age (y) 0.223 0.0699 896.347 9.615
Cobb () 0.013 0.015 897.934 8.028
Vertebrae —0.091 0.050 902.706 3.256
Cell-saver —0.00131 0.00066 879.000 26.962
Crystalloid —0.000012 0.000201 817.909 88.053
Colloid 0.000030 0.000260 806.514 99.448
Enoxaparin (no enoxaparin=0) —-0.277 0.266 875.113 30.849
Drain (mL) —0.001 0.001 834.996 70.966
Preop Hb 0.684 0.0799 843.648 62.314

M, male; preop, preoperative; Hb, hemoglobin.

*From an LRS of 905.962 for a multilevel null model.

Multiple regression models
Collinearity diagnostics did not indicate evidender

collinearity between any variables carried forwafbom the
univariate analyses for consideration in a multiglkegression
model. Comparison of likelihood ratio statisticssasiated with a
two-level model including all qualifying variables and
corresponding model with each variable deletedumtindicated
that in the presence of other variables, neitGabb, cell-
saver volume, orcrystalloid volume significantly improved the
model fit. Remaining variables  génder, age,
colloid volume,enoxaparin, drainvolume, andoreoperative

<.001

.002

.005

.071

<.001

<.001

<.001

<.001

<.001

<.001



Hb level) were carried forwartbr inclusion in a final parsimonious
multilevel multiple regression model. Output frorhid model is
summarized infable4. The number of variables remaining in the
final parsimonious modgb6] is not excessive for an observational
study with 86 caseand should have no implications for stability of
parameter estimates.

Table 4 Partial regression coefficients, likelihood rattasstics, and p values: parsimonious multiple

multilevel regression model

Variable Estimate Standard error LRS ALRS*

Constant 0.191 1.404 — —
Gender (M=0) 1.07 0.282 704.802 13.11
Age (y) 0.182 0.059 700.479 8.79
Colloid —0.00033 0.00016 746.410 54,72
Enoxaparin (no enoxaparin=0) -0.078 0.207 697.794 6.10
Drain (mL) 0.00004 0.00082 727.045 35.35
Preop Hb 0.541 0.088 721.349 29.66

M, male; preop, preoperative; Hb, hemoglobin.
*Compared with a model including all the above fastand covariates for which an LRS of 691.693
was obtained.
Variance partitioning

The variance partition coefficient for the multilyv
regression model was calculated to be 0.157, whtd implication
that daily variation in Hb levels between patierggselatively large
in comparison with the magnitude of the variatioretween
patiens, with about 84% of data variability occurring ween Hb
readings within individuals and about 16% of datariability
occurring between individual patients.

Discussion

<.001

.003

<.001

.014

<.001

<.001



Statistical model

Casting the data into a hierarchical model struetinas
many advantages. Parameter standard errors acturefiect the
clustering of Hb readings within individuals. A st@ard singlelevel
regression model structure would not be able tooant for the
dependencies between readings taken from the samieidual,
leadng to overestimates of precision of estimates, groksible
spurious inferences of significance. The multilegtucture also
enables the identification of sources of variatiom the data
(between patients or between readings within pasieand allows
an assessment of the effect of patiamel factors and covariates.
Furthermore, in models where readings are cashadawest level
of a hierarchical structure, it is not necessaryhiawve an equal
number of readings associated with each individaalyould be the
case, for example, in a treatment based aroundatepemeasures
analysis of variance. The method of approach isceeappropriate
In the present context, where many readings arasimgsin the later
stages of the analysis period. Theremsevidence that data in this
study are not missing at random.

Conclusions

Our analysis appears to indicate that gender and
preoperative Hb level are the factors that mostafpostoperative
Hb, followed by age and use of enoxaparin. Highgs$toperatie
Hb levels are recorded in older girls for whom eaparin was not
used. We should, therefore, be mindful of youngdwaho are more
likely to have low postoperative Hb levels: our dgydound that boys
had, on average, 1.07 g/dL lower Hb levels thansgif the same
age and that younger children had, on average,riderxels than
older children, with mean levels increasing by atbOu8 g/ dL with



each year of advancing age. Enoxaparin was as®aCiatth an
average reduction of only 0.078 g/dL of Hb. Howevtdre use of
chemical thromboprophylaxis remains a decision dasa local
venous thromboembolic guidelines.

A surprising but nonetheless noteworthy finding waat the
extent of surgery (the number of vertebrae/levetposed and
included in the fusion) did not have a significaeffect on blood
loss. A number of studies have shown increasingltevo be
assoa@ted with increased blood loss and/or transfugigh29-33],
although this result was found in shorter fusiomg,(comparing
two-level fusions and more). The number of vertebrasefuin our
study ranged from 5 to 14. Although Hassamalk[34] analyzel a
similar number of fused levels, they showed incesa®lood loss
with higher number of levels fused. Our finding ¢aadicts this and
would suggest that a more selective fusion doeshwate a blood
saving advantage. Although statistically significathe effects of
colloid volume and the use of enoxaparin and draarse not
clinically important. There is, therefore, no chailly important
dilution of red blood cells through either crystadl or colloid
supplementation. Our results would also suggkat celisaver has
no influence on postoperative Hb. This may reflemv volumes
reinfused, which is as a result of attention to tiileer bloodsaving
techniques used.

Many authors have looked at the predictors of tfasisn in
spinal surgery. It iswly logical that a low preoperative Hb carries a
higher risk for transfusiofl,29,31,32,35] We recommend that
every institution set a minimum preoperative Hbele\Because we
have shown an average postoperative drop in Hb.bfgAdL, the
minimum preoperative Hb level for an AIS patient demgoing



corrective surgery should be at least 4 g/dL higitnem the TTV set
by an institution. Preoperative Hb in our studygad from 10.9 to
17.4 g/dL. Within this range, it was shown that svd.0 g/dL
increase n the preoperative Hb was associated with a 0.5dLg/
iIncrease in the postoperative Hb: a statisticaliyngicant effect of
substantive importance. This would suggest thatrdhés a
disproportionate relationship  between  preoperativand
postoperative Hbevels. If this is true, then it cannot be assumed
that all patients have the same drop in Hb, a statet that seems
sensible in itself. Given the association infertgdour data and the
variance within our patient sample, we suggest tm dor a
preopeative Hb of 5 g/dL higher than the TTV.

Jones enl.[36] recommended croswmatching three blood
units for instrumented spinal surgery, and our eatrpractice is 1
to 2 units. Using modern bloesiaving techniques, no child in our
study required intraopative allogeneic blood transfusion.
Although it is contrary to longstanding practiceg wtherefore,
consider preoperative crossatching unnecessary and potentially
wasteful of allogeneic blood reserves. However,stié recommend
preoperative typing (group and save) in the evdrdttallogeneic
blood is required during the perioperative period.

The trigger to transfuse allogeneic blood in ourtigat
sample occurred on either the first or second postative day. No
transfusion occurred beyond the second postoperatay, despite
continued Hb analysis. According to our observatidre lowest Hb
levels occurred around 2 to 3 days postoperatizaly began to rise
thereafter. The difference in Hb levels between £ayand 3 was
not clinically important.Hemoglobin analysis beyond the second
(and certainly the third) postoperative day is #fere considered



unnecessary unless clinically indicated (eg, hemodyca
instability).

The lowest mean Hb was on the second postoperatye
and therefore, the most likely to trigger transéusi Because no
patient in our study was transfused beyond the m@&co
postoperative day, the Day 2 Hb level is consideesdential. The
mean drop in Hb from shortly after surgery (bloagple taken in
theater recovery) to the second postoperative &¢ay.46 g/dL.
Thus, if the Hb shortly after surgery is 2 g/dL hé& than the TTV,
we consider that Hb analysis is only required againthe second
postoperative day (assuming the patient is well).

Despite setting a TTV of 7 g/dltwo of the patients in our
cohort were transfused for Hb values above the 74 g/dL and
7.9 g/dL). This was in response to an Hb readindes$ than the
generally accepted TTV of 8 g/dL. We challenge wivas an almost
automated response to an Hbualbelow a certain TTV. According
to our observation, a patient with an Hb level o @/dL the day
after surgery has a greater need for transfusi@n th patient with
an Hb level of 6.9 g/dL on the third postoperatdey. We suggest
considering an Hbasult in relation to time, previous results and
predicted future results, all within the limits sdfe medical practice
(eg, hemodynamic status of the patient). However,dw not deny
the need for an absolute. We simply agree with otdnethors that
thedecision to transfuse be based on clinical judgnj8n38].
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