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Abstract
Individuals with severe osteogenesis imperfecta who require surgery often present a difficult management problem due to 
limb deformity and shortening, kyphoscoliosis, and deformity of the rib cage. All of these features may be associated with 
respiratory problems and impaired cardiovascular reserve. Surgical procedures and anaesthetic management represent a 
substantial challenge in these individuals. Here, we describe the clinical outcome of laparoscopic surgery to remove multiple 
gallstones in an individual with severe osteogenesis imperfecta. Meticulous pre-operative planning, combined with careful 
anaesthetic management resulted in a favourable outcome with a beneficial effect on quality of life. We provide a detailed 
account of the challenges faced and how these were surmounted in the hope that this may be of benefit to other clinicians 
faced with similar problems. Our experience demonstrates that laparoscopic surgery can be successfully performed in people 
with severe osteogenesis imperfecta with a favourable outcome.
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Introduction

Osteogenesis imperfecta, or brittle bone disease, is a rare 
genetic disorder affecting one in 15–20,000 births. It is a 
multi-system disease affecting type 1 collagen; the most 
abundant protein in skin, bone, and tendon, which manifests 
as bone fragility and fractures as well as abnormalities in 
many other organ systems [1]. Osteogenesis imperfecta can 
arise as the result of mutations in 22 different genes but in 
about 80%, the disease occurs as the result of mutations in 
the COL1A1 or COL1A2 genes which encode the alpha 1 (I) 
and alpha 1 (2) protein chains, respectively [2]. The Sillence 
classification originally devised in 1979 is still used but 
only applies to disease severity in people with COLIA1 or 

COL1A2 mutations [3]. This case report concerns a patient 
with type III (progressively deforming) OI which invariably 
presents in infancy with multiple low trauma fractures that 
continue throughout life. These result in long bone deform-
ity, chest deformity, and kyphoscoliosis. Affected patients 
are usually non-ambulatory and require assistive devices, 
such as motorised wheelchairs for mobility. Non-skeletal 
complications of OI include pulmonary disease, cardiovas-
cular disease and gastrointestinal disease [1, 4]. There are 
few case reports of adult patients with type III OI success-
fully undergoing surgery, particularly non-orthopaedic sur-
gery, due to the risk of complications in those with compro-
mised cardio-respiratory function. This case report explores 
some considerations relating to both anaesthetic technique 
and surgical approach in an adult patient with severe OI who 
required a cholecystectomy because of multiple gallstones.

Case Report

The patient is a 37-year-old man with type III OI caused by 
a c.4248 + 2T > C nucleotide change in COL1A1 which is 
predicted to create an alternative acceptor splice site result-
ing in production of an abnormal type 1 (alpha 1) collagen 
chain. He is of short stature (estimated height 96.5cm and 
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weight 27.8kg) is wheelchair bound and requires assistance 
to transfer and with activities of daily living. Musculoskele-
tal manifestations of OI include severe kyphoscoliosis, chest 
deformity (Fig. 1) and shortening of all limbs due to multi-
ple previous fractures. He had previously been treated with 
multiple courses of intravenous bisphosphonates, but this 
treatment had been paused over the years prior to surgery 
due to concerns about slow healing of fractures.

The presentation was with intermittent episodes of 
abdominal pain, which were initially episodic but eventu-
ally were occurring after every meal. He was hospitalised 
one year prior to surgery with severe abdominal pain as 
the result of biliary colic. Investigations by ultrasound and 
MRI scan confirmed the presence of multiple gallstones. 
The decision to proceed with surgery was made following 
discussions between all members of the care team and with 
the patient who felt that on balance, the potential benefits 
of the procedure would outweigh the risks in view of the 
considerable negative effect the symptoms were having on 
his quality of life.

He attended on the day of surgery, following extensive 
pre-operative assessment, for a laparoscopic cholecystec-
tomy. On the day of surgery, he had bilateral lower limb 
plaster casts treating recent tibial/fibular fractures. Pulmo-
nary function tests showed severe restrictive lung disease 
(FVC 0.62L FEV-1 0.6L FEV-1/FVC% 95.95%) with rest-
ing peripheral oxygen saturation (SpO2) of 96% on air and 
desaturation to 85% on exertion. He was on established non-
invasive bilevel positive airway pressure (BiPAP) ventilation 

with supplemental oxygen (0.5L) overnight at home. His 
ECG showed a sinus tachycardia, whilst an echocardiogram 
showed normal cardiac size and good function of both the 
left and right ventricles. His airway examination revealed a 
Mallampati score of 3 but otherwise he had a good range of 
neck movement, mouth opening, thyromental distance, and 
subluxation of his jaw.

Prior to induction of anaesthesia, meticulous attention 
was given to patient positioning with use of a pressure-
relieving gel mattress and careful padding and support of 
pressure points to minimise the risk of skin damage. The use 
of invasive arterial blood pressure monitoring was employed 
to minimise the risk of soft tissue damage or iatrogenic frac-
tures caused by repeated inflation of standard blood pressure 
cuffs during the peri-operative period.

On arrival in the anaesthetic room, the patient posi-
tioned himself on the operating table with minimal inter-
vention from staff to ensure he was comfortable and 
reduce the risk of fractures. Two peripheral venous can-
nulae were sited, as well as an ultrasound-guided radial 
arterial line, before intravenous induction of anaesthesia 
with 1mg midazolam, 100mcg fentanyl, propofol by tar-
get-controlled infusion, and 50mg rocuronium. Indirect 
laryngoscopy with video-laryngoscopy revealed a grade 
1 view and a 6.5-mm endotracheal tube was placed with a 
bougie to minimise cervical spine movement. Anaesthesia 
was maintained by target-controlled infusion of propofol 
(effective site concentration 4.2μg/ml) and a small bolus 
of rocuronium which achieved a bispectral index of 32–44. 

Fig. 1   Radiographs of spine and chest. Panel A shows a chest X-ray prior to surgery demonstrating the pre-existing chest deformity. Panel B 
shows a lateral X-ray of the thoracic and upper lumbar spine demonstrating kyphoscoliosis
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A pressure-controlled ventilation mode was used to deliver 
pressure of 12-cm H20 on top of a positive end-expiratory 
pressure (PEEP) of 6cm H20 and achieved tidal volumes 
of 240 ml. Ventilation parameters were based on his over-
night BiPAP settings. Temperature was checked every 30 
min and he remained normothermic throughout. Analgesia 
provided included weight adjusted doses of paracetamol, 
fentanyl, clonidine and ketorolac, and local infiltration of 
levobupivacaine. The patient then underwent laparoscopic 
cholecystectomy with modified positioning of abdomi-
nal ports to accommodate the patient′s size, shape, and 
encountered anatomy. The umbilical port was inserted 
using an open technique and all others were placed under 
direct vision. Initial insufflation of the abdomen was to a 
pressure of 7 mmHg followed by very gradual increase to 
a maximum abdominal pressure of 12 mmHg, as guided 
by ventilation parameters. Not unexpectedly, the patient’s 
pronounced kyphoscoliosis resulted in a challenging var-
iation of intra-abdominal anatomy. The gallbladder was 
identified with the hepato-cystic triangle positioned to the 
left of the falciform ligament. Successful completion of 
surgery took around 2 h. The patient was then electively 
transferred to the ICU for ongoing level three care. He 
was nursed on the operating bed until he was awake and 
adequate neuromuscular reversal had occurred. Arterial 
blood gases were monitored prior to extubating to ensure 
a return to baseline (Table 1). Extubation occurred three-
hours post-procedure.

No specific dietary measures were advised postoper-
atively although the patient was prescribed laxatives to 
reduce the risk of constipation associated with analgesia. 
The patient resumed a normal diet following surgery with 
no significant issues or the need for additional medication.

The patient was discharged home 48-h post-procedure 
and was well at six-week follow-up. His symptoms of 
abdominal pain were reversed by surgery and he remains 
well on follow-up.

Discussion

There are very few reports of non-orthopedic surgery 
having been undertaken in people with severe osteogen-
esis imperfecta. A literature search identified only three 
instances, all of which were done laparoscopically; one 
for a ruptured appendix [5], another for a tubo-ovarian 
abscess [6], and a third for bariatric surgery [7]. Guide-
lines for orthopaedic surgery in OI emphasise that deci-
sions around any surgical procedure should involve the 
patient and family, coupled with a multidisciplinary team 
[8, 9]. The challenges of anaesthetic management of indi-
viduals with severe OI undergoing orthopaedic surgery 
have also been published [10, 11].

In this case, there was extensive discussion with co-
author JA (the patient) and all members of the care team 
before the surgery in view of the potential risks involved. 
The decision was made to go ahead with surgery as that the 
patient’s quality of life was severely impaired as the result 
of the recurrent episodes of abdominal pain and it was felt 
that on balance, the benefits outweighed the risk. Many of 
the anaesthetic considerations when managing a patient with 
OI will be pertinent irrespective of the patient’s age or the 
type of surgery being conducted. There is potential for dif-
ficult airway management, risk of fractures when position-
ing (including cervical spine injury during airway manipula-
tion), and with the use of suxamethonium and non-invasive 
blood pressure cuffs [12]. Sites for intravenous access may 
be limited due to fractures and musculoskeletal deformity. 
The risk of hypermetabolic hyperthermia and sensitivity 
to neuromuscular blocking drugs has been reported to be 
increased in OI although this is mainly based on case reports 
[13] and one case series of 49 OI patients undergoing sur-
gery found no evidence to suggest that the risk of hypermet-
abolic hyperthermia was increased [14]. In this case, there 
was no evidence of hyperthermia.

Table 1   Baseline, intra-
operative, and post-operative 
arterial blood gases

The reference ranges for each analyte are indicated in brackets in the first column. The time of each meas-
urement in relation to the surgical procedure is indicated on the top row
PaO2 partial pressure of oxygen in arterial blood, PaCO2 partial pressure of carbo dioxide in arterial blood, 
kPa Kilopascals; BE Base excess; N/A not available; BiPAP Bilevel-positive airway pressure

Baseline Venous 
Blood Gas

10:58
(start of 
surgery)

12:42
(end of surgery)

16:58
(post-extuba-
tion)

22:12
(evening 
BiPAP)

PaO2 kPa
(11.1–14.4)

N/A 28.5 27.6 10.1 11.0

PaCO2 kPa
(4.7–6.4)

6.10 5.4 6.6 6.4 5.2

pH
(7.35–7.45)

7.40 7.45 7.38 7.39 7.43

BE (mmol/L)
(-2 – 3)

4.1 4.1 2.9 3.3 1.3
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Traditional teaching also advises avoiding suxametho-
nium in OI because of concerns regarding an acute hyper-
kalaemic response and contraction-induced fractures [15]. 
These complications have been reported in patients with 
various neuromuscular diseases and immobilisation [16]. 
This was the reason that we used rocuronium as a muscle 
relaxant. Although the patient had had residual neuromus-
cular blockade several hours postoperatively, this was suc-
cessfully reversed with sugammadex.

The patient was treated with laparoscopic surgery. This 
now represents the standard approach for cholecystectomy 
in the UK, offering a number of advantages over open sur-
gery, including reduced post-operative pain and enhanced 
recovery. The main anaesthetic concern in laparoscopic sur-
gery is the presence of pneumoperitoneum and its impact 
on the cardio-respiratory and musculoskeletal systems; this 
additionally complicates the management of anaesthesia in a 
patient with OI. The raised intra-abdominal pressure associ-
ated with pneumoperitoneum inhibits effective ventilation by 
increasing pressure under the diaphragm and simultaneously 
increasing intra-thoracic pressure; this could result in lung 
barotrauma, rib fractures and development of pneumotho-
raxes. Ventilation is also impaired by systemic absorption of 
carbon dioxide, the gas used for insufflation of the abdomi-
nal cavity. An intra-abdominal pressure of 12 mmHg was 
achieved cautiously and allowed adequate surgical access 
with carbon dioxide controlled at near normal levels for this 
patient. Ventilation probably benefitted from the reverse 
Trendelenburg position used in this case. Intercostal chest 
drain insertion was discussed and prepared for but was not 
required.

There was a chance that the laparoscopic approach 
described would not be possible in this case due to the 
patient’s body habitus, inability to lie flat, and the extremely 
short distance between xiphisternum and umbilicus, all of 
which would restrict access to the peritoneum. Pre-operative 
multidisciplinary discussion focussed heavily on this as well 
as  the risks associated with open surgery. Conversion to 
open cholecystectomy was not felt to be in the patient’s best 
interests due to the increased risks of a larger incision; rib 
retraction; difficult to manage post-operative pain; and like-
lihood of prolonged ventilation and critical care stay. The 
patient was in complete agreement with the multidiscipli-
nary team that if pneumoperitoneum could not be achieved 
safely the procedure would be abandoned.

Intubation is considered the gold standard for airway 
protection with pneumoperitoneum as it allows tight con-
trol of ventilation parameters in patients with pre-existing 
respiratory impairment, as was present in this case. Cau-
tion during airway manipulation is required in all patients 
with OI to avoid iatrogenic injury, fracture, or cervical 
subluxation. Fortunately, pre-operative airway assessment 
was reassuring in this patient. Despite this, close attention 

to detail, manual inline stabilisation, and video-laryngos-
copy were used to minimise the risk of harm.

Performing elective non-orthopaedic surgery when a 
patient has an acute fracture carries an increased risk of 
fracture displacement, haemorrhage, venous thromboem-
bolism, and post-operative complications. Patients with 
OI have a significant fracture burden and may not be frac-
ture free for any length of time making timing of elective 
surgery challenging. Accepting that there was unlikely to 
be an optimal time to operate, the multidisciplinary team 
took precautions to avoid iatrogenic injury and minimise 
the risk of fracture in the peri-operative period.

Elective admission to intensive care postoperatively 
was arranged to facilitate gradual weaning from the ven-
tilator. There were concerns that the patient may become 
ventilator dependent postoperatively and require trache-
ostomy formation and long-term ventilation. Again, the 
impact of this was discussed extensively preoperatively 
with the patient and also the regional long-term ventilation 
team and paediatric intensive care specialists who have 
experience with OI patients. Cardio-pulmonary resuscita-
tion (CPR) was discussed with the patient as part of the 
anticipatory care plan; if required this would be extremely 
challenging due to the patient’s body habitus, anatomy, 
and predisposition to fractures; however, the patient very 
clearly expressed his wish to receive CPR. A patient advo-
cate was nominated by the patient should he lack capac-
ity to make decisions during his intensive care admission 
particularly on life altering interventions.

This case report highlights some of the anaesthetic, 
surgical and critical care considerations for patients with 
severe OI but illustrates that with careful planning, lapa-
roscopic surgery can be successfully performed in people 
with severe OI with a favourable outcome.
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