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a b s t r a c t

The management and surgical interventions of problems directly or indirectly arising from 

rheumatoid arthritis vary drastically. Anesthesiologists and rheumatologists should be aware 

of the peculiarities of the anesthetic preoperative assessment of these patients, including the 

assessment of possible disorders of the airways, in addition to the intra-operative manage-

ment and analysis of relevant pharmacological parameters. It is critical that the anesthetist 

is familiar with the peculiarities of the disease and the specific characteristics of drugs used 

in its treatment: thus, he/she will be able to plan the best possible anesthetic technique for 

the surgery in question, offering safety and comfort to his/her patient. It is up to the rheu-

matologist to know the procedure to which the patient will be submitted to and be aware of 

the most appropriate anesthetic technique in each case. This will allow a better interaction  

between the rheumatologist and the anesthesiologist in the pre-anesthetic evaluation, 

through the sharing of relevant information on the articular and systemic involvement by 

the disease that might interfere with preoperative and intraoperative management. Further-

more, the information on the pre-anesthetic assessment and the choice of anesthetic tech-

nique will enable the rheumatologist to clarify any doubts that his/her patient and family 

may have, as well as to guide them as to whether or not the medications in use should be 

maintained, and eventually about the need for a supplemental dose of corticosteroid. The 

objective of this review is to acquaint the rheumatologist with key concepts related to the 

anesthetic preoperative assessment of patients diagnosed with RA, mainly including general 

notions that dictate the choice of the anesthetic technique.
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Avaliação anestésica pré-operatória de pacientes com artrite reumatoide
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r e s u m o

O manejo e as intervenções cirúrgicas de problemas decorrentes direta ou indiretamente 

da artrite reumatoide variam drasticamente. O anestesiologista e o reumatologista devem 

estar atentos às peculiaridades da avaliação anestésica pré-operatória desses pacientes, 

incluindo a avaliação de possíveis distúrbios das vias aéreas, além do manejo intraope-

ratório e da análise dos parâmetros farmacológicos pertinentes. É essencial que o médico 

anestesiologista esteja familiarizado com as peculiaridades da doença e com as caracterís-

ticas específicas das drogas utilizadas no seu tratamento, pois, assim, ele poderá planejar 

da melhor forma possível a técnica anestésica para o ato cirúrgico em questão, oferecendo 

segurança e conforto ao paciente. Ao reumatologista, cabe conhecer o procedimento a que 

o paciente será submetido e ter noção da técnica anestésica mais indicada em cada caso. 

Isso permitirá melhor interação entre o reumatologista e o anestesiologista na avaliação 

pré-anestésica, através do compartilhamento de informações relevantes sobre o acome-

timento articular e sistêmico pela doença que possam interferir com o manejo pré e in-

traoperatório. Além disso, as informações sobre a avaliação pré-anestésica e a escolha da 

técnica de anestesia contribuirão para que o reumatologista possa esclarecer dúvidas que o 

paciente e seus familiares porventura apresentem, bem como orientá-los quanto à manu-

tenção ou não das medicações em uso e, eventualmente, da necessidade de suplementação 

da dose do corticosteroide. O objetivo desta revisão é familiarizar o reumatolostia com os 

principais conceitos relacionados à avaliação anestésica pré-operatória de pacientes com 

diagnóstico de AR, incluindo, principalmente, as noções gerais que ditam a escolha da téc-

nica anestésica.

© 2014 Sociedade Brasileira de Reumatologia. Publicado por Elsevier Editora Ltda.  

Todos os direitos reservados.

Introduction 

Rheumatoid arthritis (RA) is a systemic, chronic, progres-
sive inflammatory disease, which mainly affects the synovial 
membrane, and which can lead to bone and cartilaginous 
destruction. The management and surgical interventions of 
conditions directly or indirectly arising from RA vary drasti-
cally.1,2 

Anesthesiologists and rheumatologists should be aware of 
the peculiarities of the anesthetic preoperative assessment of 
these patients, including the assessment of possible disorders 
of the airways, in addition to the intra-operative management 
and analysis of relevant pharmacological parameters.3 

The objective of this review is to acquaint the rheumatolo-
gist with key concepts related to the anesthetic preoperative 
assessment of patients diagnosed with RA, mainly including 
general notions that dictate the choice of the anesthetic tech-
nique.

Methodology 

From June to December 2012, a literature review was performed, 
including searches using the following databases: Medline 
(1990-2012), Cochrane Library, Lilacs, Pubmed (1990-2012) and 
Scopus, in English, Portuguese and Spanish languages. The key 
words used were “artrite reumatoide” (rheumatoid arthritis), 
“avaliação pré-operatória” (preoperative evaluation), “propofol” 
(propofol), “etomidato” (etomidate), “anestesia venosa total” 

(total intra-venous anesthesia), “anestesia geral” (general anes-
thesia), “anestesia regional” (regional anesthesia) and “controle 
das vias aéreas” (airway control).

Preoperative evaluation 

The goals of a preoperative assessment of patients with RA 
are assessing the extent of disease involvement, its systemic 
consequences and possible adverse effects of therapies in use, 
to minimize the risk of anesthetic and surgical procedures.4 

In the preoperative evaluation of patients with RA, in addi-
tion to a routine history and physical examination applicable 
to all patients (a record of the surgical procedure that will be 
performed, systemic medical evaluation, a history of drug 
use, prior surgeries, allergies, a detailed physical examination 
and relevant ancillary tests), an evaluation of the extent of in-
volvement of the disease and its possible implications regard-
ing the anesthetic technique should be performed. 

We list the affections (divided by topics) of the sites most 
commonly involved by RA which entail special considerations 
for the anesthetic procedure.

Cervical spine

Regarding the involvement of peripheral joints, especially the 
hands, RA may affect the axial skeleton in the neck.5 This in-
volvement may occur both in an early as in a late stage of 
the disease. Most patients are asymptomatic, but about 40-
85% may have neck pain associated with the radiographic  
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presence of instabilities (atlanto-axial subluxation and supe-
rior migration of the odontoid process).6,7 

An interesting prospective observational trial that includ-
ed 100 patients with early RA (<1 year of symptoms) showed 
atlanto-axial subluxation in 12% of the cases within the first 
5 years of the disease.8

A radiological evaluation of the cervical region in a neutral 
profile, with maximum flexion and extension, prior to elec-
tive surgical and endoscopic procedures, can be performed in 
patients with RA.6,9 Trials that show the actual cost-effective-
ness of this routine assessment in the management of anes-
thesia and surgery are still lacking.9 

Fiber optic laryngoscopes can be employed in the man-
agement of patients with RA when general anesthesia with 
intubation is considered necessary.10 In this situation, it is im-
portant that efforts are employed to prevent hyperextension 
of the neck, a common occurrence in airways manoeuvres.

Temporomandibular joint 

RA can also affect the temporomandibular joints. For the an-
esthesia, the implication will be the reduction of mouth open-
ing and a commonly occurring cervical stiffness that make 
difficult both the intubation procedures and the positioning 
of head and neck in surgeries performed in this region.11 

Some authors recommend the use of the Mallampati 
score, mouth opening and mandible protrusion as preopera-
tive predictors of temporomandibular dysfunction.12

Cricoarytenoid dysfunction

The larynx may be affected in approximately 80% of pa-
tients with RA.13 Generally, patients are asymptomatic, but in 
those cases with symptoms, these can be represented by a  
foreign body sensation in the oropharynx, dysphagia, dyspnea, 
hoarseness, stridor, and also by an airway obstruction.5,14,15

The direct visualization of the larynx may reveal cricoary-
tenoid and vocal cords dysfunction during inspiration.16

In patients in whom this disorder is suspected , nasoen-
doscopy with visualization of the larynx is recommended, 
besides the use of the tracheal tube with a smaller diameter, 
a quiet intubation without trauma on the laryngeal struc-
tures, administration of oxygen by catheter after extubation, 
removal of the tracheal tube in an appropriate environment 
prepared for emergencies and, in severe cases, the possibility 
of a preventive preoperative tracheostomy.15,17

In the postoperative phase of RA patients, after the trache-
al extubation the patient should be observed closely for signs 
of laryngeal dysfunction and airway obstruction.

Respiratory system 

Another important aspect to be considered is the presence 
of lung injury. In fact, trials have shown a reduction in vital 
capacity and total lung volume in patients with RA, even in 
the absence of pulmonary fibrosis.18,19 The presence of rheu-
matoid nodules is another possible injury that can lead to in-
flammation with possible dyspnea and accumulation of lung 
fluid.18,19 The use of medications such as methotrexate brings 
a potential risk of lung disease.19

Cardiovascular system

Patients with RA may present early atherosclerosis secondary 
to dyslipidemia (particularly a reduction in HDL-cholesterol), 
presence of systemic hypertension and smoking.20 The activ-
ity of inflammatory disease is also a factor to be considered.21 
Heart failure is a major cause of mortality in RA. Thus, a story 
addressed to atherosclerotic disease is mandatory in patients 
with RA who will be submitted to anesthetic procedures. In 
those patients with symptoms or risk factors, an assessment 
of cardiovascular situation through non-invasive methods 
such as ECG, echocardiography and myocardial scintigraphy 
is recommended. If ischemic lesions are detected, catheter-
ization and possible corrections (i.e., angioplasty or CABG) are 
mandatory.

Impairment of the conduction system and valvular in-
volvement are also possible.22 

The risk for developing cardiovascular disease appears to 
be underestimated by the current methods employed; thus, 
an even greater attention to this group of patients is neces-
sary.23

Renal system 

The use of medications such as nonsteroidal anti-inflamma-
tory drugs (NSAIDs) and cyclosporine may lead to a risk of 
kidney damage in patients with RA.2,24 

Gastrointestinal system 

The almost universal use of NSAIDs in patients with RA car-
ries the risk of gastrointestinal tract injury.24 In fact, trials 
show a higher prevalence of gastritis and ulceration with pos-
sible risk of bleeding in the digestive tract of these patients.25,26 
The prophylaxis of peptic ulcer and gastrointestinal bleeding 
should be performed, especially in NSAIDs users. Patients us-
ing glucocorticoids and with diverticulitis should be consid-
ered at high risk for perforation of the gastrointestinal tract.27

Endocrine system 

The Cushing's syndrome characteristic effects of the gluco-
corticoids are well known. For those patients who are under 
prednisone or who used this drug within an year, there is a 
need to perform an intravenous injection of hydrocortisone 
100 mg at the time of anesthesia induction.28,29 

General measures such as prophylaxis of venous thrombo-
sis should also be considered in patients with RA, such as the 
use of elastic stockings, adequate hydration and prophylactic 
use of heparin. One must bear in mind that these patients 
have limited mobility and some of them will have a longer 
post-operative recovery than patients not affected by this 
condition (50).25

Difficulties may emerge while handling catheters used 
for continuous blockages in patients on immunosuppres-
sive therapy, corticosteroids and biologic drugs, due to an 
increased risk of infections. Some joint deformities resulting 
from RA can impact the conduct of anesthesia and the choice 
of the anesthetic technique, because they compromise the 
patient positioning during surgery and hinder the access to 
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the techniques of regional blockade, causing difficulties as-
sociated with nervous plexus blocks.4

Choice of the anesthetic technique 

The choice of anesthetic technique generally depends on the 
general condition of the patient and on the type of proposed 
surgical procedure; there is not one specific optimal tech-
nique for patients with RA.5,30 One should take into account 
the risks inherent to each technique, the possible side effects 
of the anesthetics used and the experience of the anesthesi-
ologist. Table 1 summarizes the main anesthetic techniques 
used, including a brief description of the technique, its indi-
cations and absolute and relative contraindications, in addi-
tion to considerations on the appropriate choice for patients 
diagnosed with RA.

The use of general, inhalatory, total venous or balanced 
anesthesia may provide better control of the cardiovascular 
and respiratory systems, without imposing a time limit for 
the duration of surgery,30 as it occurs with the use of non-con-
tinuous techniques of regional anesthesia. The use of general 
anesthesia is also useful in situations where there is a need 
to keep the patient in unusual or uncomfortable positions, as 
it occurs in some orthopedic and neurosurgical procedures.5 
Special attention should be paid to a proper protection of the 
limbs and neck in order to avoid worsening of pre-existing 
injury or the onset of a new lesion.28,31

Another very important aspect in general anesthesia pro-
cedures refers to the maintenance of airway patency. In this 
situation, the risk is due to pathological changes caused by 
RA, which are atlanto-axial subluxation and temporomandib-
ular ankylosis.30 During the manoeuvres of airway instrumen-
tation, one incurs in the risk of worsening the situation and 
of possible permanent neurological injury.28,31 Thus, a careful 
assessment of the presence and intensity of subluxation is 
required in the pre-anesthetic evaluation. In suspected or 
proven cases, the tracheal intubation manoeuvres should be 
gentle, avoiding sudden or exaggerated manoeuvres. As pre-
viously mentioned, the use of fiber optic bronchoscopy is of 
great help in such cases, because it allows an adequate access 
to the airways with minimal cervical mobilization.30,32 In ex-
treme cases, intubation with the patient awake can be easily 
achieved by a suitably trained anesthesiologist, with minimal 
sedation.30,32

Also with regard to the airways, the occurrence of anky-
losis of the temporomandibular joint can bring additional 
risk during anesthesia, since the occurrence of small mouth 
openings to less than 2 cm is possible. Such cases will also 
benefit from the use of a flexible fiber optic bronchoscope.32,33 
An alternative to endotracheal intubation would be the use of 
a laryngeal mask, which provides a clear airway with less air-
way trauma.34 Even so, the anesthesiologist must be careful, 
since there are reports that its use can worsen the symptoms 
of cricoarytenoid involvement of RA.35

Another aspect to be considered is the effect, on phar-
macokinetics, of psychotropic drugs by the organic changes 
caused by the disease, or by its treatment. Cardiac changes 
could imply in the need of changes in hypnotic inducing 
drugs, with an option by less cardiodepressant medications 

such as etomidate or midazolam.34,36,37 Hepatic or renal im-
pairment may require drugs with less dependence on its 
exception, e.g., cisatracurium, the neuromuscular blocker of 
choice in cases of these organ dysfunctions (metabolism by 
plasma esterases)38,39 and propofol or etomidate as hypnotic 
drugs and remifentanil as an opioid with plasma metabo-
lism.40 All these procedures are important in order to reduce 
the risk of drug recirculation, with possible deleterious effects 
such as respiratory depression and the eventual risk of an 
emergency approach to airways.41,42

An alternative to general anesthesia would be the use of 
one of the several techniques of regional anesthesia, in which 
sodium channel blocking drugs, the local anesthetics, are ap-
plied near peripheral nerves or nerve trunks, with no need 
for airway instrumentation.43 The most common contraindi-
cations for the use of regional techniques are the use of anti-
coagulant drugs or of potent antiplatelet agents, patient ob-
jections, hemodynamic instability (in neuraxial techniques, 
because of the extensive sympathetic blockade) and infection 
at the puncture site.

The most common type of anesthesia for procedures on 
the lower limbs is the spinal anesthesia with the application 
of local anesthetics administered alone or in combination 
with opioids for the provision of an effective postoperative 
analgesia. The addition of clonidine or soluble opioids (e.g., 
sufentanil) to intratecal bupivacain significantly improves 
the duration and quality of spinal anesthesia and provides 
an extended perioperative analgesia, without significant side 
effects.40,42 There is evidence of increased extent of subarach-
noid blockade in patients with rheumatoid arthritis, and 
this may justify a reduction of the doses of anesthetics in 
these individuals.44 Prolonged postoperative analgesia can be 
achieved through a combination of peripheral nerve blocks 
(e.g., femoral nerve, lumbosacral plexus, and tibial, saphenous 
or fibular nerves); this strategy yields an excellent analgesia 
with minimal side effects and less need for systemic opioids.5

Likewise, the anesthesiologist can choose the peridural use 
of local anesthetics as the selected technique; in this case he 
can recur to continuous techniques with peridural catheters, 
which ensures an extension of the anesthetic effect and the 
possibility of an efficient post-operative analgesia, contribut-
ing to less risk of thromboembolism, facilitating early ambu-
lation and reducing the risk of pulmonary complications such 
as atelectasis and pneumonia.45-48 

For the upper limbs, the brachial plexus anesthetic block-
ades fulfil a similar function, providing high quality anesthe-
sia to the surgeon for prolonged periods and also allowing the 
option in favour of a continuous technique for the postopera-
tive analgesia.49,50

Also with regard to the choice of drugs, attention should be 
paid to the use of drugs to treat the disease or to control the 
symptoms. NSAIDs can lead to gastrointestinal haemorrhag-
es, and the steroids may predispose to adrenal insufficiency 
in stress situations, such as the surgical procedure, imposing 
the need for supplementation in the perioperative period.29 
Disease modifying drugs, such as methotrexate and leflu-
nomide, may trigger peripheral neuropathies; their previous 
documentation is important in those cases in which the an-
esthesiologist favoured a regional technique, which use of the 
risk of nerve trauma can always be questioned.3
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Conclusion 

With the evolution of RA treatment, the consequent increase 
in patients’ life expectancy and reduction of morbidity and 
mortality, it will be increasingly common that these people 
have a need for any surgical procedure throughout their lives. 
It is therefore critical that the anesthetist is familiar with the 
peculiarities of the disease and the specific characteristics of 
the pharmacological agents used in its treatment. Thus, this 
professional can plan in the best possible way the anesthetic 
technique for the surgery in question, offering safety and 
comfort to his/her patient.

It is up to the rheumatologist to know the procedure that 
his/her patient will be submitted to and be aware of the most 
appropriate anesthetic technique in each case. This will allow 
better interaction between the rheumatologist and the anes-
thesiologist in the pre-anesthetic assessment, through the 
sharing of relevant information on the articular and systemic 
involvement by the disease that might interfere with the pre-
operative and intraoperative management. Furthermore, the 
information on the pre-anesthetic assessment and the choice 
of anesthetic technique will enable the rheumatologist to 
clarify any doubts that his/her patient and family may have, 
as well as to guide them as to whether or not the medications 
in use should be maintained and eventually about the need 
for a supplemental dose of corticosteroid. 

Conflicts of interest 

The authors declare no conflicts of interest. 

R E F E R E N C E S

1. Timmermann A. Supraglottic airways in difficult airway 
management: successes, failures, use and misuse. 
Anaesthesia. 2011;66:45-57. 

2. da Mota LM, Cruz BA, Brenol CV, Pereira IA, Rezende-Fronza 
LS, Bertolo MB et al. 2012 Brazilian Society of Rheumatology 
consensus for the treatment of rheumatoid arthritis. Rev Bras 
Reumatol. 2012;52:152-175. 

3. Reddy D, Trost LW, Lee T, Baluch AR, Kaye AD. Rheumatoid 
arthritis: current pharmacologic treatment and anesthetic 
considerations. Middle East J Anesthesiol. 2007;19:311-344. 

4. Skues MA, Welchew EA. Anaesthesia and rheumatoid 
arthritis. Anaesthesia. 1993;48:989-999. 

5. Lisowska B, Rutkowska-Sak L, Maldyk P, Cwiek R. 
Anaesthesiological problems in patients with rheumatoid 
arthritis undergoing orthopaedic surgeries. Clin Rheumatol 
2008;27:553-559. 

6. Kwek TK, Lew TW, Thoo FL. The role of preoperative cervical 
spine X-rays in rheumatoid arthritis. Anaesth Intensive Care. 
1998;26:636-642.

7. Wasserman BR, Moskovich R, Razi AE. Rheumatoid arthritis 
of the cervical spine — clinical considerations. Bull NYU 
Hosp Jt Dis. 2011;69:136-184. 

8. Paimela L, Laasonen L, Kankaanpaa E, Leirisalo-Repo M. 
Progression of cervical spine changes in patients with early 
rheumatoid arthritis. J Rheumatol. 1997;24:1280-1285. 

9. Lopez-Olivo MA, Andrabi TR, Palla SL, Suarez-Almazor ME. 
Cervical spine radiographs in patients with rheumatoid 

arthritis undergoing anesthesia. J Clin Rheumatol intratecal. 
2012;18:61-67. 

10. Fulling PD, Roberts JT. Fiberoptic intubation. Int Anesthesiol 
Clin. 2000;38:189-218. 

11. Reginster JY, Damas P, Franchimont P. Anaesthetic risks in 
osteoarticular disorders. Clin Rheumatol. 1985;4:30-39. 

12. Samanta R, Shoukrey K, Griffiths R. Rheumatoid arthritis and 
anaesthesia. Anaesthesia. 2011;66:1146-1160. 

13. Charlin B, Brazeau-Lamontagne L, Levesque RY. 
Cricoarytenoiditis in rheumatoid arthritis comparison 
of fibrolaryngoscopic and high resolution computerized 
tomographic findings. J Otolaryngol. 1985;14:381-387. 

14. Leicht MJ, Harrington TM, Davis D E. Cricoarytenoid 
arthritis: a cause of laryngeal obstruction. Ann Emerg Med. 
1987;16:885-889. 

15. Chen JJ, Branstetter BF 4th, Myers EN. Cricoarytenoid 
rheumatoid arthritis: an important consideration in 
aggressive lesions of the larynx. Am J Neuroradiol. 
2005;26:970-972. 

16. Greco A, Fusconi M, Macri GF, Marinelli C, Polettini E, 
Benincasa AT et al. Cricoarytenoid joint involvement in 
rheumatoid arthritis: radiologic evaluation. Am J Otolaryngol. 
2012;33:753-758. 

17. JLB. Management of the difficult adult airway. With special 
emphasis on awake tracheal intubation. Anesthesiology. 
1991;75:1087-23. 

18. Massey H, Darby M, Edey A. Thoracic complications of 
rheumatoid disease. Clin Radiol. 2012.2012 Sep. 18.

19. Amital A, Shitrit D, Adir Y. The lung in rheumatoid arthritis. 
Presse Med. 2011;Jan:31-48. 2012 Dec 31

20. Cavagna L, Boffini N, Cagnotto G, Inverardi F, Grosso V, Caporali 
R. Atherosclerosis and rheumatoid arthritis: more than a 
simple association. Mediators Inflamm 2012. 2012 Sep. 13.

21. Jurcuă C JR, Tănăsescu. Cardiovascular risk and rheumatoid 
arthritis: from mechanisms of atherosclerosis to therapeutic 
approach. Rom J Intern Med. 204;42:611-59. 

22. Tarkin JM, Hadjiloizou N, Savage HO, Prasad SK, Sheppard 
MN, Moat NE et al. Severe cardiac failure due to rapidly 
progressive rheumatoid arthritis-associated valvulopathy. 
Cardiovasc J Afr. 2012;23:1-4. 

23. Crowson CS, Matteson EL, Roger VL, Therneau TM, Gabriel 
SE. Usefulness of risk scores to estimate the risk of 
cardiovascular disease in patients with rheumatoid arthritis. 
Am J Cardiol. 2012;110:420-425. 

24. McCormack PL. Celecoxib: a review of its use for symptomatic 
relief in the treatment of osteoarthritis, rheumatoid arthritis 
and ankylosing spondylitis. Drugs. 2011;71:2457-2488. 

25. Nurmohamed MT, Dijkmans BA. Prevention of post-discharge 
venous thromboembolism in patients with rheumatoid 
arthritis undergoing knee or hip arthroplasty: a continuing 
matter of debate. Arthroplasy: a continuing matter of debate. 
Ann Rheum Dis. 2001;60:905-908. 

26. Curtis JR, Lanas A, John A, Johnson DA, Schulman KL. Factors 
associated with gastrointestinal perforation in a cohort 
of patients with rheumatoid arthritis. Arthritis Care Res 
(Hoboken) 2012. 2012 Jun 21.

27. Curtis JR, Xie F, Chen L, Spettell C, McMahan RM, Fernandes 
J et al. The incidence of gastrointestinal perforations among 
rheumatoid arthritis patients. Arthritis Rheum. 2011;63:346-352.

28. Malcharek MJ, Rogos B, Watzlawek S, Sorge O, Sablotzki A, 
Gille J et al. Awake fiberoptic intubation and self-positioning 
in patients at risk of secondary cervical injury: a pilot study. J 
Neurosurg Anesthesiol. 2012;24:217-222. 

29. Wakim JH, Sledge KC. Anesthetic implications for patients 
receiving exogenous corticosteroids. AANA J 2006;74:133-142. 

30. Vieira EM, Goodman S, Tanaka PP. Anesthesia and 
rheumatoid arthritis. Rev Bras Anestesiol. 2011;61:367-376. 



219R E V  B R A S  R E U M A T O L .  2 0 1 4 ; 5 4 ( 3 ) : 2 1 3 – 2 1 9

31. Tokunaga D, Hase H, Mikami Y, Hojo T, Ikoma K, Hatta Y 
et al. Atlantoaxial subluxation in different intraoperative 
head positions in patients with rheumatoid arthritis. 
Anesthesiology. 2006;104:675-684. 

32. Rosenstock CV, Thøgersen B, Afshari A, Christensen AL, 
Eriksen C, Gätke MR. Awake fiberoptic or awake video 
laryngoscopic tracheal intubation in patients with 
anticipated difficult airway management: a randomized 
clinical trial. Anesthesiology. 2012;116:1210-1216. 

33. Iseli TA, Golden JB, Jones VL, Boudreaux AM, Boyce JR, Weeks 
DM et al. Outcomes of intubation in difficult airways due to 
head and neck pathology. Ear Nose Throat J. 2012;91:1-6. 

34. Lim YS, Kim SH, Jang TH, Kim KH, Ryu SJ, Yu SB et al. 
The cardiovascular effects of midazolam co-induction to 
propofol for induction in aged patients. Korean J Anesthesiol. 
2012;62:536-543. 

35. Miyanohara T, Igarashi T, Suzuki H, Hirabayashi Y, Seo N. 
Aggravation of laryngeal rheumatoid arthritis after use of a 
laryngeal mask airway. J Clin Rheumatol. 2006;12:142-146. 

36. Stephan H, Sonntag H, Schenk HD, Kettler D, Khambatta HJ. 
Effects of propofol on cardiovascular dynamics, myocardial 
blood flow and myocardial metabolism in patients with 
coronary artery disease. Br J Anaesth. 1986;58:969-976. 

37. Ulsamer B, Doenicke A, Laschat M. Propofol in comparison 
with etomidate for the induction of anesthesia. Anaesthesist. 
1986;35:535-543. 

38. Kisor DF, Schmith VD, Wargin WA, Lien CA, Ornstein E, Cook 
DR. Importance of the organ-independent elimination of 
cisatracurium. Anesth Analg. 1996;83:1065-1072. 

39. Mellinghoff H, Radbruch L, Diefenbach C, Buzello W. A 
comparison of cisatracurium and atracurium: onset of 
neuromuscular block after bolus injection and recovery after 
subsequent infusion. Anesth Analg. 1996;83:1072-1077.

40. Glass PS, Hardman D, Kamiyama Y, Quill TJ, Marton 
G, Donn KH et al. Preliminary pharmacokinetics and 
pharmacodynamics of an ultra-short-acting opioid: 
remifentanil (GI87084B). Anesth Analg. 1993;77:1031-1041. 

41. Somri M, Coran AG, Mattar I, Teszler C, Shaoul R, Tomkins 
O et al. The postoperative occurrence of cardio-respiratory 

adverse events in small infants undergoing gastrointestinal 
surgery: a prospective comparison of general anesthesia 
and combined spinal-epidural anesthesia. Pediatr Surg Int. 
2011;27:1173-1181. 

42. Yoo YC, Na S, Jeong JJ, Choi EM, Moon BE, Lee JR. Dose-
dependent attenuation by fentanyl on cough during 
emergence from general anesthesia. Acta Anaesthesiol 
Scand. 2011;55:1215-1221. 

43. Seller Losada JM, Sifre Julio C, Ruiz García V. Combined 
general-epidural anesthesia compared to general 
anesthesia: a systematic review and meta-analysis 
of morbidity and mortality and analgesic efficacy in 
thoracoabdominal surgery. Rev Esp Anestesiol Reanim. 
2008;55:360-366. 

44. Leino KA, Kuusniemi KS, Pälve HK, Korpelainen JT, Tiusanen 
HT, Tuppurainen TT. Spread of spinal block in patients with 
rheumatoid arthritis. Acta Anaesthesiol Scand. 2010;54:65-74. 

45. Gurlit S, Reinhardt S, Möllmann M. Continuous spinal 
analgesia or opioid-added continuous epidural analgesia 
for postoperative pain control after hip replacement. Eur J 
Anaesthesiol. 2004;21:708-715. 

46. Kettner SC, Willschke H, Marhofer P. Does regional 
anaesthesia really improve outcome? Br J Anaesth. 
2011;107:90-95. 

47. Sitsen E, van Poorten F, van Alphen W, Rose L, Dahan 
A, Stienstra R et al. Postoperative epidural analgesia 
after total knee arthroplasty with sufentanil 1 microg/
ml combined with ropivacaine 0.2%, ropivacaine 0.125%, 
or levobupivacaine 0.125%: a randomized, double-blind 
comparison. Reg Anesth Pain Med. 2007;32:475-481. 

48. Tziavrangos E, Schug SA. Regional anaesthesia and 
perioperative outcome. Curr Opin Anaesthesiol. 
2006;19:521-526.

49. Bruce BG, Green A, Blaine TA, Wesner LV. Brachial plexus 
blocks for upper extremity orthopaedic surgery. J Am Acad 
Orthop Surg. 2012;20:38-48. 

50. Sripada R, Bowens C Jr. Regional anesthesia procedures for 
shoulder and upper arm surgery upper extremity update — 
2005 to present. Int Anesthesiol Clin. 2012;50:26-47.


