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ABSTRACT
Background: Disseminated intravascular coagulation (DIC) is a rare but serious complication of pediatric scoliosis 

surgery; sparse current evidence warrants more information on causality and prevention. This systematic review sought to 
identify incidence of DIC in pediatric patients during or shortly after corrective scoliosis surgery and identify any predictive 
factors for DIC.

Methods: Medline/PubMed, EMBASE, and Ovid databases were systematically reviewed through July 2017 to identify 
pediatric patients with DIC in the setting of scoliosis surgery. Patient demographics, medical history, surgery performed, clinical 
course, suspected causes of DIC, and outcomes were collected.

Results: Eleven studies met inclusion criteria. Thirteen cases from 1974 to 2012 (mean age: 15.3 ± 4.3 years, 72% 
women) were identified, with neuromuscular (n = 7; 54%) scoliosis as the most common indication. There were no prior 
bleeding disorder histories; all preoperative labs were within normal limits. Procedures included 8 posterior segmental fusions 
(54%), 3 Harrington rods (31%), 1 Cotrel- Dubousset, and 1 unit rod. Eight patients experienced DIC intraoperatively and 5 
patients experienced DIC postoperatively. Probable DIC causes included coagulopathy following intraoperatively retrieved 
blood reinfusion, infection from transfusion, rhabdomyolysis, hemostatic matrix application, heparin use, and hypovolemic 
shock. Most common complications included increased intraoperative blood loss (n = 8) and hypotension (n = 7). The mortality 
rate was 7.69%; one fatality occurred in the acute postoperative period.

Conclusions: Prior bleeding disorder status notwithstanding, this review identified preliminary associations between 
variables during corrective scoliosis surgery and DIC incidence among pediatric patients, suggesting multiple etiologies for DIC 
in the setting of scoliosis surgery. Further investigation is warranted to quantify associated risk.

Clinical Relevance: This study brings awareness to a previously rarely discussed complication of pediatric scoliosis 
surgery. Further cognizance of DIC by scoliosis surgeons may help identify and prevent causes thereof.

Level of Evidence: 4.

Complications
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INTRODUCTION

Disseminated intravascular coagulation (DIC) is a 
pathological process culminating in the activation of 
the coagulation cascade. This results in the production 
of fibrin and the formation of microthrombi in small 
to midsized vessels.1 Ultimately, these occlusions can 
result in the infarction of end organs and death.2,3 Fur-
thermore, the increased activation of the coagulation 
cascade leads to a depletion of platelets and coagula-
tion factors; this causes excessive bleeding.1 As DIC 
is a syndrome rather than a disease, it is secondary to 
an underlying cause.2 Etiologies of DIC can be divided 
into 2 pathways of coagulation cascade activation: a 

cytokine- driven inflammatory response and via the 
release of procoagulatory factors into the blood.2,3

DIC is most commonly attributed to trauma and 
infection.2,4 It has been previously reported that up to 
32% of pediatric patients may develop DIC follow-
ing head trauma.5 These DIC patients have mortality 
rates 4 times higher than those of patients with normal 
hemostasis;5 these results underscore the severity of the 
syndrome in pediatric populations and the need for phy-
sicians to understand its risks fully.

DIC as a complication of pediatric scoliosis surgery 
is rare and sparsely reported, with only several docu-
mented cases in current literature. In Raphael et al,6 2 
incidences of DIC with unknown causes in 1982 were 
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reported. In Benavides et al,7 one case of DIC following 
septic shock triggered by blood transfusion in 2003 was 
studied.

To our knowledge there are no systematic reviews 
that have been completed on this subject. This study 
aims to review the literature, evaluate occurrences 
of DIC in pediatric scoliosis surgery, and enhance 
the understanding of underlying factors and associ-
ated complications. Such an extensive review should 
permit the analysis of possible causes and detection 
of potential preventive measures.

MATERIALS AND METHODS

Computer- based searches of the Medline 
(PubMed), EMBASE, and Ovid electronic databases 
were utilized to systematically review the literature 
through July 2017. The literature search was per-
formed independently by 3 of the authors (Mixa, 
Scollan, and Diebo). The search terms “DIC” or 
“disseminated intravascular coagulation” were used 
along with “scoliosis,” or “spine,” or “pediatric” and 
“surgery” or “operation.” A total of 2585 abstracts 
were identified. Non- English articles were excluded 
(n = 747), narrowing the search to 1826 abstracts. Of 
those, 12 articles discussed information relevant to 
our search criteria. A cross- reference was performed 
and 2 additional reports were added for a total of 14 
studies. Inclusion criteria consisted of patients who 
had any type of scoliosis and developed DIC intra-
operatively or postoperatively as a result of their 
surgical treatment. For this study, DIC was defined 
by the authors’ use of the terminology and not by 
common clinical presentations or established labo-
ratory parameters. A total of 11 studies, including 8 
case reports and 3 retrospective studies, met inclu-
sion criteria. Data from these studies were extracted 
for the systematic review (Figure). This article does 
not contain any studies with human participants or 
animals performed by any of the authors.

Statistical Analysis

Two reviewers (Mixa, Scollan) independently 
extracted the data from each article. The parameters 
included were patient demographics, type of surgery 
performed, clinical course, and patient outcome. 
Patients were categorized by the cause of scoliosis, 
past medical history, number of levels corrected, and 
instrumentation used. The timing of DIC was divided 
into intraoperative or postoperative periods. Intra-
operative data, including surgical time, estimated 

blood loss, and intraoperative complications, were 
recorded. For each case, the symptoms associated 
with DIC, length of intubation, and time until stabili-
zation were documented. Furthermore, patients were 
assigned a cause for DIC based on each study’s con-
clusion. Information regarding patients who did not 
experience DIC was excluded from this analysis.

Information from each study was extracted and 
organized into electronic spreadsheets (Microsoft 
Excel, Microsoft Office 2011, Redmond, Washing-
ton). Descriptive analysis was performed using Mic-
rosoft Excel.

RESULTS

Patient Population

A total of 11 studies reported on 13 patients who 
experienced DIC during or shortly after corrective 
scoliosis surgery (Table 1). These cases were reported 
between 1974 and 2012. The average age of the 
patients at the time of the event was 15.2 ± 3.9 years, 
and 72% of these patients were women (Table 2). The 
etiologies of their scoliosis were neuromuscular (n = 

Figure. Flow diagram outlining the systematic review performed for this 
study.
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Table 1. Intraoperative and postoperative information for patients with disseminated intravascular coagulopathy following scoliosis surgery.

Study Name
Past Medical

History
Time of 

Destabilization IO Complication PO Symptoms PO Diagnosis/Intervention

Benavides S et 
al, 2003

Viral illness prior to PO 
blood donation

IO Fever, hypotension Septic shock, ARDS, LE 
ischemia, seizures, 
hypotension, renal failure, 
anemia

Yersinia enterocolitica from 
transfusion, BL below 
knee amputation, multiple 
intracranial hemorrhagic 
infarcts with subsequent 
seizure disorder

Canbay O et al, 
2004

NR PO Dislocation of a pedicular 
pin at T3, loss of 
LE motor function, 
hypotension, myoclonic 
spasms

Hypotension, tachycardia 
and fever, myoclonic 
spasms, malignant 
hyperthermia

Myelography with nonionic, 
water- soluble contrast, 
rhabdomyolysis

Chechik O et al, 
2010

Cerebral palsy PO NR NR NR

Ferschl M et al, 
2009

None IO Ventricular tachycardia, 
ventricular fibrillation, 
cardiac arrest, 
surgical site bleeding, 
hypotension, cardiac 
resuscitation

Hypotension, ventricular 
fibrillation

IO application of a (20 mL) 
topical hemostatic matrix 
for increased bleeding at 
L2 pedicle was sent into 
intravascular space

Gabos PG et al, 
2012.

Rett syndrome PO NR NR Heparin- induced 
thrombocytopenia following 
right leg deep vein 
thrombosis treatment

Hassmann GC et 
al, 1974

Distal weakness IO Pulseless ventricular 
tachycardia (at 90th 
min), cardiac massage 
performed, increased 
bleeding

Hypotension, restrictive 
lung disease, petechiae, 
hematuria

Coagulopathy after homologous 
blood

Master DL et al, 
2011

None PO Coagulopathy, excessive 
blood loss, cardiac 
failure, death

NR Death

McKie JS et al, 
1997

None IO Increased bleeding, 
hypotension

Hypotension, ST- segment 
depression, ARDS, acute 
pancreatitis

Coagulopathy after reinfusion 
of IO retrieved blood

Murray DJ el al, 
1992

Cerebral palsy with 
spastic quadriparesis

IO Increased bleeding NR Coagulopathy after reinfusion 
of IO retrieved blood

Murray DJ el al, 
1992

Myelomeningocele, T10 
sensory level

IO Increased bleeding, 
hematuria

NR Coagulopathy after reinfusion 
of IO retrieved blood

Ogura Y et al, 
2011

Cavernous hemangioma PO Massive hemorrhage 
from hemangioma, 
hypotension

Agitation, hypovolemic 
shock, BL frontal and 
temporal ischemia, 
aphasia

PO hemorrhage from 
hemangioma. Aphasia 
resolved and infarcts 
decreased in size

Raphael BG et al, 
1982

Paraplegia, T6 injury at 
birth

IO Increased bleeding, 
hypotension

24 h PO bleeding Unknown

Raphael BG et al, 
1982

Familial 
osteochondromatosis

IO Increased bleeding 24 h PO bleeding Unknown

Abbreviations: ARDS, acute respiratory distress syndrome; BL, bilateral; IO, intraoperative; LE, lower extremity; NR, not recorded; PO, postoperative.

Table 2. A summary of patient demographics, scoliosis type, procedure performed, and labs taken during time of disseminated intravascular coagulopathy.

Study Name Age Sex Scoliosis Type Procedure
Platelets (109 

/L)
Prothrombin 

Time (s)
Fibrin Degradation 

Products (s)
Fibrinogen  

(mg/dL)

Benavides S et al, 2003 12 F Congenital Posterior spinal fusion NR NR NR NR
Canbay O et al, 2004 14 F Congenital Posterior spinal fusion NR NR >150 75
Chechik O et al, 2010 NR NR Neuromuscular Posterior spinal fusion NR NR NR NR
Ferschl M et al, 2009 18 F Idiopathic Posterior spinal fusion 11 NR >100 51
Gabos PG et al, 2012 14 F Neuromuscular Unit rod NR 17.4 50 NR
Hassmann GC et al, 1974 13 F Neuromuscular Harrington rod 75 18.8 50 130
Master DL et al, 2011 NR NR Neuromuscular Posterior spinal fusion NR NR NR NR
McKie JS et al, 1997 17 M Idiopathic Harrington rod NR 17.4 >150 NR
Murray DJ et al, 1992 18 M Neuromuscular Posterior spinal fusion 95 NR NR NR
Murray DJ et al, 1992 17 F Neuromuscular Posterior spinal fusion 46 18 75 50
Ogura Y et al, 2011 12 M Tumor induced Posterior spinal fusion 19 20 150 19
Raphael BG et al, 1982 26 F Neuromuscular Distraction rods 73.5 16.4 56 125
Raphael BG et al, 1982 13 F Tumor induced Harrington distraction rod 75 17 51.2 70

Abbreviation: NR, not reported.
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7; 54%), congenital (n = 2; 15%), tumor induced (n = 
2; 15%), and idiopathic (n = 2; 15%).

Past Medical History and Preoperative Labs

Patients who had neuromuscular scoliosis pre-
sented with a history of cerebral palsy,8,9 mild distal 
weakness,4 Rett syndrome,10 and a myelomeningocele 
with a T10 sensory level.9 Tumors causing the scoli-
otic curve were from a patient with familial osteo-
chondromatosis6 and a cavernous hemangioma.11 
One patient was also diagnosed with a viral illness 
prior to preoperative blood donation. No patients 
presented with a history of prior bleeding disorder, 
and all complete blood counts and coagulation panels 
were within normal limits prior to surgery.

Operative Course

The surgeries performed to correct the scoliosis 
include: posterior spinal fusions (n = 8; 62%), Har-
rington rods (n = 3; 23%), a Cotrel- Dubousset rod 
(n = 1; 8%), and a unit rod (n = 1; 8%). The mean 
surgical time was 351 ± 137 minutes with a mean 
fusion length of 13 levels. The average preoperative 
Cobb angle was 65°. An average of 4.7 ± 2.4 units 
of blood were transfused intraoperatively, including 
various combinations of homologous, preoperative, 
and intraoperative cell- saver blood per case.

DIC Events

A total of 8 patients4,6,7,9,12,13 sustained DIC during the 
intraoperative period. Potential causes included coag-
ulopathy after reinfusion of intraoperatively retrieved 
blood,9,13Yersinia enterocolitica infection from trans-
fusion,7 pyelography with nonionic water- soluble 
contrast causing rhabdomyolysis,14 and application of 
hemostatic matrix.12 There were 2 unknown causes in 
the intraoperative period.6 Five patients were diagnosed 
with DIC in the postoperative period.10,14,15 At the end of 
one operation, myoclonic spams were present and loss 
of motor function was observed in the lower extremi-
ties.16 The patient was returned to the operating room 
for decompression due to dislocation of a pedicle pin at 
the T3 level. At this time, the patient experienced DIC. 
One study attributed the use of heparin for treatment of 
a deep vein thrombosis as the initiating factor for DIC,10 
while another suggested hypovolemic shock after diaz-
epam administration.11 In 2 patients, the authors were 
unable to attribute an etiology to the event during the 
postoperative period.6,8,16

During DIC, mean platelet count was 56,000 per 
microliter (range: 11–95,000), fibrinogen was 78 mg/
dL (range: 19–130), fibrin degradation product was 
23.8 mg/L (range: 11.2–40), average prothrombin time 
was 18 seconds (range: 16–20), partial thromboplastin 
time was greater than 100 seconds, hemoglobin was 5.7 
g/dL (range: 5.5–5.9), hematocrit was 27.6 g/dL (range: 
21–34), and the international normalized ratio was 3.3 
(range: 2.3–4.5).

Post-DIC Course

The most common complication reported was 
increased intraoperative blood loss (8/13 cases, 62%) 
and hypotension (7/13 cases, 54%). Two patients went 
into cardiac arrest during the procedure.4,12 One patient 
had a massive hemorrhage after attempted removal of a 
cavernous hemangioma.11 There were individual symp-
toms of renal failure and acute pancreatitis, along with 
2 accounts of acute respiratory distress syndrome.7,13 
A subset of papers included the postoperative period, 
during which the patient remained intubated that ranged 
between 1 and 6 days. Labs began to normalize at an 
average of 3.5 ± 2.5 days after DIC. One patient was 
noted as having ischemia in his lower extremities after 
septic shock that required bilateral below knee amputa-
tions.7 The same patient also experienced intracranial 
hemorrhagic infarcts leading to a seizure disorder. The 
clinical outcome in a second patient involved bilateral 
frontal and temporal lobe ischemia leading to sensory 
and conduction aphasia.11 Only 5 studies reported length 
of hospital stay, which ranged between 6 and 20 days. 
The mortality rate was 7.69%. There was one reported 
fatality in the acute postoperative period.16 This patient 
experienced excessive blood loss, coagulopathy, and 
eventually cardiac failure.

DISCUSSION

The overall results from the systematic review 
suggest that while DIC is a major complication of pedi-
atric scoliosis surgery, it is a very rare outcome. Of the 
803 studies investigated, only 13 cases of DIC were 
identified. Although the incidence of reported cases is 
low, DIC can lead to serious morbidity and mortality 
given the often large amount of blood loss sustained 
during these surgeries. With a mortality rate of 7.69%, 
coagulopathies such as DIC are severe complications 
that can potentially be avoided if better understood.

Our review suggests multiple etiologies for post-
surgical DIC including coagulopathy after reinfu-
sion of intraoperatively retrieved blood,9,13 infection 
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from transfusion,7 rhabdomyolysis,14 application of 
hemostatic matrix,12 heparin use,6 and hypovolemic 
shock.11 However, the causes of DIC were unknown in 
4 cases.6,8,16 Given that DIC is likely an underreported 
complication, it is possible that actual incidence of DIC 
may be even greater.

Spinal surgery is essentially a traumatic event for 
the patient. As in cranial trauma, endothelial damage 
and tissue injury likely trigger intravascular coagulation 
by pathological activation of the hemostatic system.15 
One of the early signs noticed in 8 of the patients was 
increased surgical site bleeding during the procedure. 
Activation of the cascade can occur in many ways. In 
Canbay et al,14 the patient experienced lower extremity 
muscle spasms causing rhabdomyolysis after myelog-
raphy was performed. The activation of the coagula-
tion cascade most likely occurred due to the release 
of necrotic components of muscle tissue.17 Similar 
pathology can also be implied in the cases where hypo-
tension and shock occurred. In Benavidas et al,7 the 
patient went into shock after an infected preoperative 
blood donation. The sample was taken 3 days prior to 
symptoms of a low grade gastrointestinal infection and 
was subsequently contaminated with Y enterocolitica 
causing transient bacteremia. In this case, the endotoxin 
production caused the rapid turn of events and could 
have been prevented by closely monitoring the patient 
after transfusion.

In the 3 patients who underwent DIC after receiv-
ing preoperatively donated red blood cell infusion, cell 
damage triggering coagulation occurred due to inade-
quate wash cycle and vigorous suction from the surgical 
field.9,13 This may lead to an increase in procoagulation 
elements and put the patient at risk.18 When hemostatic 
matrix agents are used in surgery, as in Ferschl et al,12 
precaution should be taken to prevent introduction into 
intravascular spaces to prevent pathway activation.19 In 
addition, patients with neuromuscular scoliosis are up 
to 7 times more likely to experience excess intraopera-
tive blood loss during the procedure vs those with idio-
pathic scoliosis.16

Patients with a neoplasm, as in Ogura et al,11 are also 
at an increased risk due to the procoagulatory properties 
of tumors. As in Gabos et al,10 it is also important to be 
aware of possible heparin- induced thrombocytopenia- 
associated DIC when heparin is used to treat a deep vein 
thrombosis.20 The remaining cases in this study repre-
sent the challenge of finding a true cause for DIC. As 
for the one fatal case of DIC, any insinuating factor also 
remains unknown.16

This is a distinctive study because it analyzes the 
various aspects of this serious complication in the pedi-
atric population. For example, our findings were con-
sistent with those of a study of 36,335 pediatric patients 
from the National Inpatient Sample.21 According to 
De la Garza Ramos et al,21 DIC is a rare complication 
of surgery for adolescent idiopathic scoliosis with an 
incidence of 0.18%. However, unlike our study, this 
study did not report on the causes of DIC among their 
patients. It also did not report on the perioperative con-
ditions and postoperative outcomes. These factors, if 
included, would have offered greater insight into the 
complexity of DIC.

DIC is a rare, but possible life- threatening compli-
cation of pediatric spinal surgery for scoliosis. Being 
able to prevent the causes and identify the signs and 
symptoms of DIC can protect these patients from death, 
end- organ damage, and other long- term complications. 
This study is the largest known systematic review of the 
literature on this topic. It also sheds light on the limited 
amount of high level evidence available in the literature 
suggesting more attention should be paid to this issue.

This study has a few limitations that are inherent to 
systematic reviews. The main limitation of this sys-
tematic review is the quality of the included studies 
because multiple case reports were used to obtain the 
information we reported. In addition, many of the 
studies included in the review are becoming outdated 
and include procedures that are no longer regularly per-
formed. Moreover, the sample size of this review was 
small; only 13 patients from 11 studies were included. 
Therefore, national studies are needed for a larger 
sample size and better understanding of the outcomes of 
DIC in pediatric patients undergoing scoliosis surgery. 
Another reason for our low sample size may be due to 
the underreporting of DIC as a complication of pediat-
ric scoliosis surgery. DIC is often unrecognized and can 
be difficult to diagnose.22 Although this paper reported 
perioperative conditions, it did not report long- term 
postoperative outcomes. Long- term prospective studies 
can also be carried out to note the incidence of DIC 
in these patients as well. Furthermore, these 2 kinds of 
studies could possibly make clearer the causes of this 
complication and give new insight into the precautions 
needed to prevent DIC in new patients. Further studies 
are required to estimate the true incidence, as this 
study potentially only included publication of severe 
cases and case series with major events during hospi-
tal courses. This may underestimate negative or minor 
occurrences, which may not have been formally written 
up or published.
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CONCLUSION

Overall, this systematic review illustrates that DIC 
is a rare and dangerous complication of pediatric scoli-
osis surgery. Although only 13 patients were identified 
in the literature up until July 2017, the mortality rate 
is astoundingly high at 7.69%. Furthermore, 3 of these 
patients had unknown causes for their DIC. Therefore, 
even though the incidence of reported cases is low in 
the pediatric population, there is still room to improve 
outcomes by preventing this complication from occur-
ring. This can be done by elucidating the causes of DIC 
in future cases and identifying risk factors that may pre-
dispose patients to this condition.
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