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Introduction 
 
Osteogenesis Imperfecta (OI), a condition also known as brittle bone disease, is marked by 

decreased bone mass and easily fractured bones. It is a genetic disorder of connective tissue 

caused by mutations in one of two genes, COL1A1 or COL1A2, which produce type one collagen. 

This abnormality affects mainly bones, cartilage and the soft tissues. 2 These patients often 

undergo surgery due to their susceptibility to bone fractures. Anaesthesia poses numerous 

challenges including those concerning the airway, respiratory and cardiovascular systems, 

positioning and potential bleeding. The prevalence of OI globally depends on the molecular 

genetic classification, race and geographical location.3 Osteogenesis Imperfecta is of clinical 

importance in South Africa as a severe form (type III), which is described as ‘progressively 

deforming’. 4 A relatively high frequency is found in the indigenous black Southern african 

population, where mutations in the FKBP10 gene have been implicated. 4 There is a paucity of 

literature addressing the anaesthetic management of OI patients in the perioperative period, 

especially in low-to-middle income countries such as South Africa. A 2020 retrospective chart 

review by Mohmmad at el. in South Africa , recruited 39 patients and reviewed 93 anaesthetic 

operations, the majority of whom were black Africans with OI type III.5    

Aim 

1. To describe anaesthetic complications related to OI 

2. To make recommendations on how perioperative complications can be prevented 

3. To present the findings of my own study: A retrospective chart review describing and evaluating 

the perioperative management of OI paediatric patients presenting for surgery at Inkosi Albert 

Luthuli Central Hospital (IALCH). 5 

Classification 

Classifying OI helps us to identify the severity and prognosis of disease. The most common 

classification was created by Sillence and colleagues in 1979, which focusses on clinical and 

radiological findings 6 and reflects the mode of inheritance.7 This is reflected in the table below.  

Sillence et al Classification of OI 

 

Type Genetic Pattern  Clinical presentations  Severity  

I Autosomal Dominant 

(AD) 

Blue sclera, short stature 

with or without 

dentinogenesis imperfecta  

(DI) 

Mild  

II Autosomal Recessive 

(AR) 

Dark sclera, multiple ribs 

and long bone deformities 

and large skull  

 Lethal perinatally 
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III AR DI ,Progressive deformity, 

short stature, sever scoliosis 

and normal sclera  

 Severe 

IV  AD  Moderate form of type III Moderate  

 

Diagnosis of OI 

The diagnosis of OI can be made on the basis of a positive family history and/or clinical 

presentation, as evidenced by blue sclera ,hyper-laxity of the joints and skin, late hearing loss 

and radiological features of multiple fractures, osteopenia and  Wormian bones.3 Clinical features 

are often present in early childhood. DNA studies on white blood cells and dermal fibroblasts 7 

show genetic mutation in 90 % of cases. A negative DNA test for genetic mutation therefore does 

not exclude the diagnosis of OI. 6 Provided below are images of types III and II of OI.  

 

               

 

Skeletal radiograph of type II 
OI at 35 weeks of gestation  
with multiple rib and long 
bone fractures 1 
 

OI type III shows  
Sever kyphoscoliosis and bowing deformity of upper and 

Lower limbs 1 
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Management  

OI is not a curable disease but it is managed supportively and symptomatically.   

 

Medical treatment 

• Oral or intravenous bisphosphonate has been shown to decrease pain and increase bone 

density but it is uncertain if it decreases the risk of fracture. 3  

• Growth hormones, parathyroid hormones 6 and vitamin D are described for short stature 

in type III and IV3  

 

Surgical treatment 

OI is well known to the orthopedic surgeon due to frequent fracture management. The main 

indications for surgery include pain management, fracture fixation and realignment of long bone 

deformity8 and correction of scoliosis. The majority of cases needing  surgery are  the sever types 

(III and IV ) and less commonly, mild OI type I. 3  

 

Physiotherapy and Rehabilitation 

It is essential to improve pain, reduce drug requirements, increase muscle strength, and decrease 

length of hospital stay. Rehabilitation measures focus on correct positioning, head support and 

chest and perioperative physiotherapy. 1 

Perioperative complications 

The perioperative anaesthetic considerations and complications are based on the type of OI the 

patient has. Type III has a 6 times more risk of anaesthetic complications than type I.9   

 

Position  

It may be challenging to position the patient for surgery due to the presence of a prominent 

occiput, increased head diameter, thin skin, joint hyper-laxity, chest deformity and bone fragility.10 

Patients are at increased risk for skin trauma, joint dislocation, and bone fracture whilst being 

moved to and from the operation table. Severe kyphoscoliosis and limb deformity may also make 

it difficult for the patient to lie comfortably in the supine position. 11 In a case study by Sullivan et 

al, it was described how a patient sustained fractures related to handling by the theatre team12. 

Rothschild at el reported two cases involving perioperative fractures where the reason was 

unknown.9 It is also highlighted that the risk of joint dislocation may increase with using muscle 

relaxation.13 In the review by Mohmmad at el, no fractures associated with positioning were 

reported. 5 

 

Monitors 

There have been multiple reports of patient with OI sustaining fractures while using non-invasive 

blood pressure (NIBP) cuffs and tourniquets. Some recommend to avoid the use of tourniquets 

when inserting intravenous lines.11 The use of invasive blood pressure (IBP) monitoring is 
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controversial. Sullivan et al recommended the use of NIBP cuff monitoring to reduce the cost and 

complications associated with IBP. 12 On the other hand, Bhandari at el recommended the use of 

manual sphygmomanometer instead of an automated blood pressure cuff to reduce the risk of 

fracture. 13 Despite these concerns, , Mohmmad et a did not find any complications related to the 

use of blood pressure cuffs or tourniquets, which were used in the majority of cases of the study 

population.5   

 

Airway management 

It has been highlighted in the literature that patients with OI are at risk of being a “difficult airway”. 

This is reportedly due to the features associated with a difficult airway such as a prominent 

occiput, protruding mandible, cleft palate,  large tongue ,short neck, laxity of cervical spine joints, 

risk of airway bleeding, Pigeon chest and fragile mandibles 11 Despite this claim Hall et al,  

Rothschild et al and Mohmmad et al have reported a low number of patients presenting with a 

“difficult airway” for anaesthesia. In our study, all patients under went general anaesthesia where 

the majority had a SGAD inserted and very few were intubated; Airway complications were found 

to be low (3.22%). 5An explanation for this may be related to the use of supraglottic airway devices 

(SGAD) by expert hands.5, 9, 14 The Proseal LMA has been used in patients with OI high 

successfully and has been recommended in a study by Santos et al.15 Video- assessed 

laryngoscopy has been shown to reduce the risk of airway trauma, rate of failure of intubation and 

dislocation of cervical spine. 5, 11   

 

Basilar Invagination 

It is a rare but serious complication occurring in OI and often leads to death if not recognised 

early. It is the movement and infolding of occipital bones into the skull and upward displacement 

of the cervical bone causing obstruction of cerebrospinal fluid drainage and blood supply of the 

brain, as well as compression of the brain stem. Patients may complain of headache, upper limb 

weakness, nystagmus and instability of the head and neck. It is therefore important to exclude 

and document exclude any neurological deficit prior to anaesthesia, use imaging for confirmation. 

The cautious use of a SGAD or flexible fibre-optic laryngoscopy for airway management may limit 

neurological injury in this manner. 11 

 

Difficult intra-venous line insertion  

The presence of thin skin, fragile vessels and limited tourniquet use (in case of fracture), may 

make intravenous access difficult. 11 Rothschild et al study reported very few cases had difficult 

line insertion and half of them type III. 9 

 

Hyperthermia  

Most of the literature describes no correlation between malignant hyperthermia (MH) and OI,  but 

the exact answer is not yet known.16 Patients with OI may present with hyperthermia under 

anaesthesia  as a result of increased metabolic rate due to increased thyroid hormone levels, 

which is especially seen with  type III, or due to  dysregulation of the temperature centres.11 In a 
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review in 1992, Hall et al recruited 266 OI patients, and reported that these patients may have an 

increased metabolism and a tendency to pyrexia. They however refuted the concept that OI is 

associated with malignant hyperthermia. 14  Mohmmad at el showed that 55.9% of their study 

population had an insignificant increase in body temperature under anaesthesia.5 

 

Anaemia and Blood Transfusion (BT) 

Anaemia is very common, especially in the severe types of OI (III and IV). This may be due to 

chronic illness, bleeding tendency and multiple surgeries, but the exact mechanism is unknown. 

. Mohmmad at el found that more than 65 % of their study population were anaemic. This was 

diagnosed preoperatively where 50% were diagnosed by haemoglobin point-of-care testing and 

the laboratory testing. Despite this finding, only a few patients required blood transfusion peri-

operatively.5 Possible approaches to reduce blood transfusion and complications are 

preoperatively diagnosing anaemia, and appropriately correcting it using measures such as iron 

and folate supplementation and the use erythropoietin. 17  

 

Bleeding tendency  

Patient with OI have an increased bleeding tendency due to anaemia, thrombocytopaenia, 

abnormal capillaries, reduced levels of factor VIII and abnormal or low collagen, which is important 

for platelet aggregation. 11, 18. Rothschild at el reported that 17% of their study population had 

significant blood loss peri-operatively, most of whom were of the III and VI types.9 Mohmmad at 

el mentioned that more than 24 % of population presented with  abnormal platelet counts and few 

of them needed BT.5 

 

Cardiac anomalies 

Collagen forms an integral part of cardiac and vascular development. More than two thirds of 

cardiac muscle consist of collagen type I, which is important for cardiac tensile stiffness. OI 

presents with a variety of cardiac abnormalities related to the abnormality in collagen. These 

include aortic dissection, ventricular rupture, mitral valve prolapse or aortic or mitral valve 

regurgitations 11, 19 Interestingly, cardiac lesions do not correlate with the clinical form severity of 

OI.20  Mohmmad et al showed that 3.2% of their study population had electrocardiogram (ECG) 

and echocardiography (echo) studies performed, all of which were unremarkable. Clinical 

judgement guided decision making when requesting an ECHO or ECG. 

 

Pulmonary disease 

Patients may present with restrictive lung disease and reduce total lung volumes, especially in 

those with severe spinal deformities.11 Pulmonary pathologies may result in adverse perioperative 

events  such as laryngospasm, bronchospasm, poor compliance, difficulty ventilating and post-

operative pulmonary complications.21 Mohmmad et al reported that although 18.2% of the patients 

in their study had  abnormal chest x-ray findings and 6.2%  had abnormal pulmonary function test 

(PFT) findings, very few experienced post-operative pulmonary complications  5 
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General anaesthesia versus regional anaesthesia 

This topic is controversial and ultimately factors such as the presenting pathology, urgency of 

surgery and severity of OI all play a role. 

 

General anaesthesia (GA) 

General anaesthesia may be a better choice where regional anaesthesia is difficult to perform or 

contraindicated due to severe anatomical deformities or bleeding diathesis. In paediatric 

anaesthesia, a regional anaesthesia-only technique may be difficult to perform, especially in those 

with an intravenous line secured. In those patients with severe cardiac disease, GA may allow 

better haemodynamic control. Karabiyik at el. described using an intubating LMA and total 

intravenous anaesthesia in patients with OI as a GA technique associated with less airway trauma 

and cervical spine movements. They also recommended avoiding the use of succinylcholine as 

fasciculation-induced fractures and fatal hyperkalemia (from prolonged immobility) may occur.22 

In the study by Mohmmad at el, all patients had general anaesthesia for surgery, of which only 

12% had a sole GA technique without regional anesthesia.5 

 

Regional anaesthesia (RA) 

Regional anaesthesia includes both neuraxial and peripheral nerve local anaesthesia and should 

be used provided there is no contra-indication such as a bleeding diathesis. This technique avoids 

the need to instrument the airway, pulmonary complications and unwanted depolarising muscle 

relaxant side effects. The rate of a successful block may be better where the anatomy is clear 

and where ultrasound guided techniques are used. 23 A case report by Bhardwaj et al. described 

a 21year old patient with OI who underwent a lower limb fracture fixation under spinal anaesthesia 

only without any major anaesthetic implications. 24. Rothschild et al and Mohmmad et al had 

similar rates of success and few reports of difficulty reported. 5, 9   

 

Combined GA and RA  

The combination of a GA and RA are useful in the paediatric population. A SGAD can be used to 

secure the airway and keep the patient immobile whilst regional anaesthesia is performed. Using 

a SGAD precludes the risk of intubating OI patients, who are at risk of having difficult airways. 

Regional anaesthesia contributes to the multimodal approach of analgesia and may also reduce 

opioid requirements in patients at risk for pulmonary complications, as explained earlier. 

Mohmmad et al described that more than two third of cases in their study had combined GA and 

RA with good outcomes.5  

 

Drugs to be used with caution  

- Succinylcholine: may cause contraction-induced fracture, fatal hyperkalemia and possibly 

MH 

- Anti-cholinergic agent:  Atropine dose increase body temperature 13, 14 
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Recommendations 

1. It is the theatre team’s responsibility to avoid joint dislocation and bone fractures while 

positioning and moving patients.  Exercise extra caution by using moulding mattresses, 

place padding under pressure points and avoid placing any equipment on the patient. 

2. NIBP may be used in mild forms of OI with an increased time interval and reduced inflation 

pressure. Arterial lines should be reserved for severe cases where frequent 

haemodynamic monitoring and blood gas sampling is required. Exercise vigilance for 

hematomas and fractures. 

3. Carefully assess the airways of all patients. We suggest the use of a SGAD if not 

contraindicated. Mask ventilate carefully to avoid jaw fractures and avoid hyper-extending 

the neck.  

4. Gentle use of an elastic tourniquet for intravenous access is recommended.  Document 

any difficulty experienced.  

5. Monitor temperature carefully as patients are prone to hyperthermia and hypothermia. 

6. Preoperative full blood count and coagulation studies are important prior to surgery or 

regional anaesthesia. Optimizing haemoglobin and platelet counts may be required to 

avoid unnecessary blood transfusions.  

7. Focussed CVS examination is important. An ECG and Echocardiography may be 

necessary to avoid missing and significant cardiac abnormalities.  

8. To prevent perioperative respiratory complications we need to evaluate patient clinically 

and look for complications of chest or spine deformities. 

9. The use of regional anaesthesia should be highlighted unless there is an absolute 

contraindication present. Use nerve stimulators with caution as these may cause fractures. 

Ultrasound use may improve success rates.  

10. GA with SGAD, TIVA and RA has all been used successfully.   

11. Avoid the use of atropine 
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CONCLUSION  

In my study all of the surgeries were performed in a tertiary hospital, and it was found that most 

of the study patients had Osteogenesis Imperfecta Type III. 5 Despite their severe form of disease, 

few complications and difficulties were described peri-operatively. We can assume from this that 

extra care and vigilance were employed by experts in a tertiary centre, thus preventing 

complications. We also found that a combined technique of general and regional anaesthesia 

using a SGAD was a safe technique.5 OI is a genetic disorder affecting multiple systems, 

presenting the anaesthetist with a variety of challenges. These patients require a multidisciplinary 

team who are familiar with the disease. This includes anaesthetists, surgeons, endocrinologists, 

cardiologists, pulmonologists, physiotherapists etc. The focus should be on preoperative 

optimization, planning and vigilant care at every step to prevent intra- and post- operative 

complications and prolonged hospital stays. 

 

 

 

 

 

 

 

 

 

  



Page 11 of 12 

REFERENCES  

 

1. Van Dijk F, Pals G, Van Rijn R, Nikkels P, Cobben J. Classification of osteogenesis imperfecta 
revisited. European journal of medical genetics. 2010;53(1):1-5. 

2. Glorieux FH, Rowe D. Osteogenesis imperfecta.  Pediatric Bone: Elsevier; 2012. p. 511-39. 
3. van Dijk FS, Cobben JM, Kariminejad A, Maugeri A, Nikkels PG, van Rijn RR, et al. Osteogenesis 

imperfecta: a review with clinical examples. Molecular syndromology. 2011;2(1):1-20. 
4. Vorster A, Beighton P, Chetty M, Ganie Y, Henderson B, Honey E, et al. Osteogenesis imperfecta 

type 3 in South Africa: Causative mutations in FKBP10. South African Medical Journal. 
2017;107(5):457-62. 

5. Mohmmad M, Cronjé L, Kusel B. A retrospective study to evaluate the anaesthetic choices and 
complications for patients with osteogenesis imperfecta at a quaternary referral hospital. Southern 
African J Anaesth Analg. 2020;26:45-50. 

6. Rauch F, Glorieux FH. Osteogenesis imperfecta. The Lancet. 2004;363(9418):1377-85. 
7. Marom R, Lee YC, Grafe I, Lee B, editors. Pharmacological and biological therapeutic strategies for 

osteogenesis imperfecta. American Journal of Medical Genetics Part C: Seminars in Medical 
Genetics; 2016: Wiley Online Library. 

8. OLIVERIO RM. Anesthetic management of intramedullary nailing in osteogenesis imperfecta: report 
of a case. Anesthesia & Analgesia. 1973;52(2):232-6. 

9. Rothschild L, Goeller JK, Voronov P, Barabanova A, Smith P. Anesthesia in children with 
osteogenesis imperfecta: Retrospective chart review of 83 patients and 205 anesthetics over 7 
years. Pediatric Anesthesia. 2018;28(11):1050-8. 

10. Rodrigo C. Anesthesia for maxillary and mandibular osteotomies in osteogenesis imperfecta. 
Anesthesia progress. 1995;42(1):17-20. 

11. Ingrid Oakley CRNA D, Lauren Pilleteri Reece CRNA M. Anesthetic implications for the patient with 
osteogenesis imperfecta. AANA journal. 2010;78(1):47. 

12. Sullivan BT, Margalit A, Garg VS, Njoku DB, Sponseller PD. Incidence of fractures from perioperative 
blood pressure cuff use, tourniquet use, and patient positioning in osteogenesis imperfecta. Journal 
of Pediatric Orthopaedics. 2019;39(1):e68-e70. 

13. Bhandari G, Shahi K, Bhadoria P, Bhalotra AR, Sandhya O, Arya M. Osteogenesis imperfecta: No 
place for imperfect anaesthesiologist. Indian Journal of Anaesthesia. 2008;52(5):577. 

14. Hall R, Henning R, Brown T, Cole W. Anaesthesia for children with osteogenesis imperfecta–a 
review covering 30 years and 266 anaesthetics. Pediatric Anesthesia. 1992;2(2):115-21. 

15. Santos ML, Añez C, Fuentes A, Méndez B, Periñán R, Rull M. Airway management with ProSeal 
LMA in a patient with osteogenesis imperfecta. Anesthesia & Analgesia. 2006;103(3):794. 

16. Porsborg P, Astrup G, Bendixen D, Lund A, Ørding H. Osteogenesis imperfecta and malignant 
hyperthermia. Anaesthesia. 1996;51(9):863-5. 

17. Podesta A, Crivellari R, Dottori V, Parodi E, Passerone G. Anaemia, osteogenesis imperfecta and 
valve diseases. The preoperative treatment with epoetin-alpha to increase haematocrit and 
haemoglobin levels in patients with high risk of perioperative bleeding. Minerva cardioangiologica. 
2000;48(10):323-7. 

18. Edge G, Okafor B, Fennelly M, Ransford A. An unusual manifestation of bleeding diathesis in a 
patient with osteogenesis imperfecta. European journal of anaesthesiology. 1997;14(2):215-9. 

19. Weis SM, Emery JL, Becker KD, McBride Jr DJ, Omens JH, McCulloch AD. Myocardial mechanics 
and collagen structure in the osteogenesis imperfecta murine (oim). Circulation research. 
2000;87(8):663-9. 

20. Wong RS, Follis FM, Shively BK, Wernly JA. Osteogenesis imperfecta and cardiovascular diseases. 
The Annals of thoracic surgery. 1995;60(5):1439-43. 

21. Cho E, Dayan S, Marx G. Anaesthesia in a parturient with osteogenesis imperfecta. British journal 
of anaesthesia. 1992;68(4):422-3. 

22. Karabiyik L, Parpucu M, Kurtipek Ö. Total intravenous anaesthesia and the use of an intubating 
laryngeal mask in a patient with osteogenesis imperfecta. Acta anaesthesiologica scandinavica. 
2002;46(5):618-9. 

23. Dalal S, Ruparel D, Rathi A, Tirpude N. Anaesthetic management in a patient with osteogenesis 
imperfecta. Int J Biol Med Res. 2016;7:226-8. 



Page 12 of 12 

24. Bhardwaj M, Kaur K, Johar S, Ruchi S, Hooda S. Anaesthetic management in a patient with 
osteogenesis imperfecta and a fractured femur. Southern African Journal of Anaesthesia and 
Analgesia. 2014;20(2):132-5. 

 
 


