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Abstract

Background Difficult and failed tracheal intubation may

be more common in the obstetrical population. The

objective of this study was to determine the incidence of

difficult and failed tracheal intubation in a Canadian ter-

tiary care obstetric hospital and to identify predictors.

Methods Maternal, perinatal, and anesthetic informa-

tion on all pregnant women or recently pregnant (up to

three days postpartum) women undergoing general anes-

thesia (GA) from 1984 to 2003 at the Izaac Walton Killam

Health Centre (IWK) was abstracted from the Nova Scotia

Atlee Perinatal Database, and the information was aug-

mented by chart review. The incidence and predictors of

difficult and failed tracheal intubation were determined.

Analyses using logistic regression were performed for the

complete GA cohort and for the subgroup that had

Cesarean delivery under GA.

Results There were 102,587 deliveries of C20 weeks

gestation in the study population, with 3,107 GAs identi-

fied, 2,986 records reviewed, and 2,633 GAs (88%)

retained in the complete cohort. Difficult tracheal intuba-

tion was encountered in 123 of 2,633 (4.7%) women in the

complete cohort and 60 of 1,052 (5.7%) women in the

Cesarean delivery subgroup. Only two failed tracheal

intubations were identified (0.08%) in the complete cohort,

and both occurred during GAs for postpartum tubal

ligation. The combined rate of difficult/failed tracheal

intubation remained stable over the 20 years reviewed

despite decreasing GA rates. Amongst the complete cohort,

maternal age C35 yr, weight at delivery 90 to 99 kg, and

absence of labour predicted increased risks; while weight

at delivery 90 to 99 kg and absence of labour amongst the

Cesarean delivery subgroup predicted difficult/failed tra-

cheal intubation.

Conclusion Previously accepted risk factors, such as

labour, pre-existing medical conditions and obstetrical

disorders, did not predict an increased risk of difficult

tracheal intubation, while maternal age C35 yr, weight 90

to 99 kg, and absence of active labour were found to

predict increased risk.

Résumé

Contexte Une intubation trachéale difficile et l’échec de

celle-ci pourraient être plus courants chez la population

obstétricale. L’objectif de cette étude était de déterminer

l’incidence d’intubations trachéales difficiles et échouées

dans un hôpital d’obstétrique tertiaire canadien et

d’identifier des prédicteurs possibles.

Méthode Les données maternelles, périnatales et

anesthésiques sur toutes les femmes enceintes ou ayant
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récemment accouché (jusqu’à trois jours post-partum)

ayant subi une anesthésie générale (AG) entre 1984 et

2003 au Centre de santé Izaac Walton Killam (IWK) ont

été récoltées de la Banque de données périnatales Atlee de

Nouvelle-Écosse (Nova Scotia Atlee Perinatal Database),

et complétées par la consultation des dossiers des patientes.

L’incidence et les prédicteurs d’intubation trachéale

difficile ou échouée ont été déterminés. Des analyses

ont été réalisées à l’aide de la méthode de régression

logistique pour la cohorte d’AG dans son ensemble et pour

le sous-groupe de patientes ayant accouché par césarienne

sous AG.

Résultats Au total, il y a eu 102 587 accouchements

à C 20 semaines de grossesse dans la population à l’étude,

3 107 AG identifiées, 2 986 dossiers passés en revue dont

2 633 (88 %) ont été retenus dans la cohorte complète.

L’intubation trachéale a été difficile chez 123 des 2 633

(4,7 %) femmes de la cohorte complète et 60 des 1 052

(5,7 %) femmes dans le sous-groupe accouchement par

césarienne. Seulement deux échecs d’intubation ont été

identifiés (0,08 %) dans la cohorte complète, et les deux

cas sont survenus lors d’AG pour des ligatures tubaires en

post-partum. L’incidence combinée d’intubation trachéale

difficile/échouée est demeurée stable au cours des 20

années passées en revue, malgré la réduction du taux

d’AG. Dans la cohorte complète, un âge maternel C 35

ans, un poids à l’accouchement de 90 à 99 kg et l’absence

de travail obstétrical étaient des prédicteurs de risque; en

revanche, un poids à l’accouchement de 90 à 99 kg et

l’absence de travail obstétrical dans le sous-groupe

accouchement par césarienne prédisaient une intubation

trachéale difficile/échouée.

Conclusion Les facteurs de risque précédemment

acceptés, tels que le travail obstétrical, des conditions

médicales préexistantes et les troubles obstétricaux, n’ont

pas prédit un risque accru d’intubation trachéale difficile,

alors qu’il a été observé qu’un âge maternel C 35 ans, un

poids de 90 à 99 kg et l’absence de travail obstétrical actif

prédisaient un risque accru.

Physiologic changes of pregnancy (progressive mucosal

capillary engorgement, decreased colloid oncotic pressure),

pregnancy-related disorders (gestational hypertension),

advancing gestation, labour, and expulsive efforts (oxyto-

cin and free water retention, valsalva manoeuvre, increased

venous pressure) all may lead to progressive airway change

and edema, thus increasing the risk of difficult or failed

intubation.1–5 This risk is further complicated by the non-

fasted state of the patient, the emergent nature of the pro-

cedure, and the remoteness of birth unit operating rooms

where specialized airway equipment and skilled perioper-

ative personnel may be lacking. Failed intubation in the

obstetric patient has been estimated to be 1:250 to 300

patients, considerably higher than that reported in the

general surgical population 1:2,230 patients.6–8 Estimates

of difficult intubation in obstetric patients range widely

from 1.3% to 16.3%, while the incidence of difficult lar-

yngoscopy and intubation is reported to be 1.5% to 8.5% in

the general surgical population.8–11

There is debate regarding whether the rates of failed

intubation in the obstetric population will increase with

declining numbers of women requiring general anesthesia

(GA) and potential loss of skill in managing the obstetric

airway.6,12–18 Despite this debate, rates of failed intubation

in the obstetric population may be stable and indeed similar

to those observed in the general surgical population.9,18–23

Primary and repeat Cesarean delivery (CD) rates are

increasing as a result of changing maternal characteristics

and increased obstetrical interventions.24,25 With this trend,

the development and maintenance of airway management

skills in parturients becomes increasingly important. We

utilized comprehensive maternal and perinatal information

from a large validated population-based database to

determine incidence rates of difficult and failed intubation

at our institution over 20 years and to assess whether these

rates have changed over time. Additionally, corresponding

maternal, obstetrical, and anesthetic predictive factors were

abstracted and analyzed from our obstetrical popula-

tion.26,27 We hypothesized that rates of difficult and failed

intubation in our obstetric population are low and similar to

that of the general surgical population.

Methods

We conducted a 20-yr (1984 to 2003) cohort analysis

employing data from the Nova Scotia Atlee Perinatal

Database (NSAPD). Approval was obtained from the

Reproductive Care Program of Nova Scotia Data Access

Committee and institutional approval was obtained from

the Research Ethics Board of the Izaac Walton Killam

(IWK) Health Centre. The NSAPD is a provincial, popu-

lation-based, clinically oriented computerized database that

codes information on pregnancy outcomes. Specifically,

maternal and newborn data, such as demographic variables,

procedures, maternal and newborn diagnoses, and mor-

bidity and mortality information, are available for every

birth (C 500 g) occurring at the IWK Health Centre since

1980. Health records personnel collect the information

from standardized patient care records and subsequently

code using the Atlee coding system and the International

Classification of Diseases (ICD)-10 codes. The data in the

NSAPD has been shown, through data re-abstraction (with

a high level of agreement for most routine variables) and

validation studies, to contain reliable information.26,27
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Nova Scotia has a homogeneous, predominantly Cau-

casian population of approximately one million, with

approximately 10,000 live births in Nova Scotia each year.

This study focused on deliveries at the IWK Health Centre,

which has 4,500 to 5,000 deliveries per year.28,29 The IWK

Health Centre is a tertiary ‘‘stand alone’’ maternity facility

that provides obstetric and pediatric services. The popula-

tion of Nova Scotia is covered by a universal health service

and the IWK has in-house consultant obstetric and obstetric

anesthesia coverage that is available on a 24-hr basis. All

anesthesia and obstetrical services at the IWK are per-

formed by consultants or by resident physicians under their

direct supervision.

The NSAPD was used to identify the study population

of all women (C20 weeks gestational age) who delivered at

the IWK Health Centre from 1984 to 2003. Included within

the study population were women requiring GA while

pregnant (C20 weeks gestational age) or recently pregnant

(up to three days postpartum) during their birth-related

admission. Miscarriages and GAs administered to women

who did not deliver were not included in this study popu-

lation. Maternal information obtained from the NSAPD

included age, parity, pre-pregnancy and delivery weight,

maternal medical disorders (i.e., pre-existing cardiac,

hypertension, respiratory, gastrointestinal, renal, neuro-

logic, hematologic, diabetes, and neoplastic disorders),

obstetric conditions (i.e., gestational hypertension or ges-

tational diabetes), oxytocin use (i.e., for induction or

augmentation of labour), active labour diagnosis (any time

prior to GA), and mode of delivery.

Maternal, obstetrical, and anesthetic data obtained from

the NSAPD were augmented using data extracted from

medical records specific to the administration of GA. Only

those women with attempted tracheal intubation during the

GA were included in the complete cohort. Information

obtained from the medical records included documentation

of preoperative airway assessment, induction drugs

administered, airway equipment used, and ease and success

of attempted endotracheal intubation. Detailed information

was also collected on time of day the GA was adminis-

tered, temporal relationship of GA administration with

obstetrical delivery, and the occurrence of failed regional

anesthesia (epidural, spinal, or both) or conversion of

regional anesthesia to GA for non-regional failure reasons.

Difficult intubation was defined using accepted pub-

lished definitions and expert consensus (Table 1).30 The

difficult intubation label did not distinguish difficult lar-

yngoscopy from difficult intubation, nor did it include the

assessment of difficult bag-mask ventilation or the need for

supraglottic devices prior to intubation. Failed intubation

was defined as unsuccessful attempts at placement of an

endotracheal tube into the trachea using either direct lar-

yngoscopy or alternative intubating equipment, the need to

proceed with surgery with a non-elective unsecured airway

(e.g., bag-mask ventilation or laryngeal mask airway), or

the need to abort intubation or surgery and awaken the

woman prior to surgery.

Neuraxial anesthesia prior to GA induction was defined

as either an attempt to administer local anesthetic drugs

through a pre-existing ‘‘in situ’’ epidural catheter or an

attempted ‘‘de novo’’ neuraxial anesthesia technique. A

‘‘failed’’ neuraxial technique was defined as GA induction

after a local anesthetic drug was given through an in-situ

catheter or after a de novo neuraxial block was attempted.

In women with a pre-existing catheter where no local

anesthetic drug was used (i.e., due to hemodynamic or time

constraints), a ‘‘conversion to GA’’ for non-failure reasons

was considered to have occurred.

Each unique pregnancy contributed one observation in

the study. Since the sample included multiparous women,

logistic regression employed the method of general esti-

mating equations that generated standard errors that

accounted for the non-independence of separate pregnan-

cies to the same woman. Univariate odds ratios and 95%

confidence intervals (CI) were initially calculated for each

potential maternal, obstetrical, or anesthetic factor, fol-

lowed by logistic regression to determine a model with a

set of independent predictive factors for risk of difficult

intubation that were felt to be biologically plausible.

Analyses were performed for the complete cohort and then

by mode of delivery, i.e., CD/vaginal delivery. Additional

risk factor analysis for difficult/failed intubation was con-

ducted based on gestational age, time of day, attempt to use

regional anesthesia prior to GA induction, and time of GA

administration relative to obstetric delivery time (i.e.,

induction prior to delivery of the neonate or after delivery

of the neonate). Trend analyses were employed to evaluate

rates of difficult/failed intubation in obstetric patients over

the 20-yr study duration using four five-year epochs (1984

to 1988, 1989 to 1993, 1994 to 1998, and 1999 to 2003)

using Chi square for trend. Significance was set at

P\ 0.05. All analyses were conducted with SAS� Ver-

sion 8.2 software (SAS Institute, Inc., Cary, NC, USA) and

Epi InfoTM 3.3.2 (CDC, Atlanta, GA, USA).

Results

From 1984 to 2003, there were 102,587 deliveries C20

weeks gestational age at the IWK Health Centre (Figure).

During this 20-yr period, 3,107 (3.0%) of these women

required GA during their birth-related admission to the

IWK Health Centre. There were 2,986 (96.1%) medical

charts available for review. Excluded from analysis were

353 women in whom tracheal intubation was not attemp-

ted: 254 GAs with elective bag-mask airway management
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(the majority of these were postpartum tubal ligation); 88

women with conscious sedation (the majority for manual

removal of placenta and/or postpartum examination under

anesthesia); and 11 women where no anesthetic record

could be located in the medical chart.

The complete cohort consisted of 2,633 GAs meeting

the inclusion criteria, with 1,052 of these for CD. In the

complete cohort, difficult intubation was identified in 123

women (4.7%; 95% CI, 3.91% to 5.52%), while two

women (0.08%; 95% CI, 0.01% to 0.25%) had failed

Table 1 Criteria used for assessment and labelling of difficult intubation based on medical chart and anesthetic record review

1. Use of an awake technique to intubate the trachea; or

2. Explicit description of the laryngoscopy and/or intubation as ‘‘difficult’’, irrespective of the technique; or

3. Cormack-Lehane Grade 3 or 4 on direct laryngoscopy; or

4. One or more surrogate markers of difficult intubation including:

a. need for C three attempts at direct laryngoscopy by an experienced laryngoscopist;

b. conversion to an alternative intubating device different from the primary intubating equipment;

c. repeat dose of succinylcholine within the first five minutes after induction;

d. release of cricoid pressure noted prior to intubation of the trachea to facilitate intubation;

e. oxygen saturation\ 85% lasting[five minutes at induction.

Number of deliveries 1984  2003

n = 104,052

Number of deliveries > 20 weeks 

gestation

n = 102,587

Number of general anesthetics

n = 3,107

Number of charts available

for review

n = 2,986

Number of subjects excluded due 

to no attempted intubation

n = 353

Complete general anesthesia 

cohort

n = 2,633

Cesarean delivery n = 1,052

Difficult / Failed intubations

n = 60 / 0

Vaginal delivery n = 1,581

Difficult / Failed intubations

n = 63 / 2

GA prior to cesarean 

delivery: n = 1,008

Difficult / Failed 

intubations: n = 55 / 0

GA after cesarean 

delivery: n = 44

Difficult / Failed 

intubations: n = 5 / 0

GA prior to vaginal 

delivery: n = 24

Difficult / Failed 

intubations: n = 0 / 0

GA after vaginal 

delivery: n = 1,492

Difficult / Failed 

intubations: n = 63 / 2

Figure Number of women and

deliveries from 1984 to 2003 at

the IWK Health Centre and

identification of women who

received general anesthesia

during the birth-related

admission
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intubation. Within the CD cohort, difficult intubation was

encountered 60 times (5.7%; 95% CI, 4.42% to 7.23%) and

there was no failed intubation.

With respect to timing of GA administration relative to

neonatal delivery, 1,005 GAs were specifically adminis-

tered for delivery (three GAs for non-obstetric surgery

prior to subsequent CD); difficult intubation was experi-

enced in 55 (5.5%; 95% CI, 4.19% to 7.01%). Forty-four

GAs were administered after operative delivery of the

neonate (23 GAs within two hours following delivery and

21GAs[ two hours after delivery); in these 44 cases, five

cases (11.4%; 95% CI, 4.3% to 23.4%) were found to have

a difficult intubation. There were 1,581 women who had

vaginal delivery; in 1,492 of these women, GA was

administered after delivery of the neonate, with 63/2 (4.2%,

95% CI, 3.29% to 5.34%) difficult/failed intubations

identified. The two failed intubations occurred for post-

partum tubal ligation surgery. No women were identified

with difficult or failed intubation amongst the 24 patients

who had antepartum GAs.

American Society of Anesthesiologists’ physical status

was assigned in 1,406 of 2,633 (53.4%) anesthesia records.

Preoperative airway evaluation was documented in 442 of

2,633 (16.8%), and the application of cricoid pressure was

documented in 2,113 of 2,633 (80.3%). Neuromuscular

blocking agents used for intubation were documented in

99.4% of records, with succinylcholine used in 98.5%.

Documentation of the primary intubation equipment was

found in\3% of records, and use of an endotracheal tube

stylet was documented in 4.3%.

Of the 123 women in whom difficult intubation was

identified, difficulty was anticipated in 11 (8.9%), and an

elective awake intubation was performed. Ninety of 123

(73.2%) instances of difficult intubation were explicitly

identified by written documentation, i.e., ‘‘intubation and/

or laryngoscopy difficult’’ on the anesthetic record; in

another five (4.1%), laryngoscopy was documented as

Cormack-Lehane Grade 3 or greater. Thirty-eight of 123

(30.9%) women had one or more surrogate markers of

difficult intubation noted on the anesthetic record

(total[ 100%, as some women were labelled by multiple

identifiers). Of the two failed intubations, both had pre-

operative airway evaluations documented; one noted

‘‘prominent overbite’’, while the second was assessed

‘‘good airway’’.

Significant changing trends in maternal demographics

and in obstetric and anesthesia practice patterns occurred

during the study period (Table 2). The proportion of

women receiving regional anesthesia increased from 46.1%

(1984 to 1988) to 79.4% (1999 to 2003) (P\ 0.001), while

the proportion of women receiving GA decreased from

5.2% (1984 to 1988) to 1.0% (1999 to 2003) (P\ 0.001).

The majority of women did not have de novo regional

anesthesia attempted prior to induction of GA (89.7% in

the complete cohort and 83.8% in the CD cohort). Rates of

difficult/failed intubation remained stable throughout the

study period for both the complete cohort (4.5% in 1984 to

1988 to 4.0% in 1999 to 2003; P = 0.78) and the CD

cohort (5.0% in 1984 to 1988 to 4.0% in 1999 to 2003;

P = 0.5) Three maternal deaths were identified during the

study period (2.9 per 100,000 deliveries), which was sim-

ilar to published Canadian maternal mortality rates (\5 per

100,000 live births) in the 1990s.31 Causes of death were

venous thromboemboli, intracranial hemorrhage, and

obstetric bleed, respectively, and no death was considered

anesthesia-related or due to airway difficulties.

Table 3 summarizes the univariate comparisons of

clinically relevant maternal, obstetrical, and anesthetic

factors and their contributions to the multivariate model.

Difficult or failed intubation was 2.02 times more likely

(95% CI, 1.19 to 3.42) in women aged C35 yr than in

women aged 30 to 34 yr; 2.19 times more likely (95% CI,

1.16 to 4.08) in women with a weight at delivery of 90 to

99 kg compared with those weighing\80 kg; and 50% less

likely (95% CI, 0.33 to 0.76) in women who experienced

active labour at any time prior to GA compared with

women without labour. There were no statistical differ-

ences observed for other categories of maternal age and

maternal weight at delivery or for the other potential pre-

dictive factors. The majority of the GAs (66.4%)

administered to the complete cohort occurred during the

daytime (0800 to 1559). The same factors were identified

in the multivariate analysis (Table 3).

When the CD cohort is considered, weight of 90 to

99 kg was also identified as a risk factor for difficult/failed

intubation and active labour decreased the risk, but age was

not retained as a significant risk factor (Table 4) either on

univariate or multivariate analysis. No other significant

predictive factors were demonstrated. The majority of the

GAs (56.7%) administered to the CD cohort occurred

during the evening and night times (1559 to 0800).

Table 5 summarizes risk factor analysis for difficult

intubation/failed intubation and considers the temporal

relationship of time of GA administration relative to

delivery of the neonate and mode of delivery (vaginal or

Cesarean). Risk of difficult intubation appeared to be 2.9

times more likely (OR 95% CI 1.00–8.14 P = 0.04) if

performed after Cesarean neonatal delivery.

Discussion

Failure to secure an airway with an endotracheal tube in

both the general surgical and the obstetric populations may

result in significant morbidity and mortality.32 Physiologic

518 D. M. McKeen et al.
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and pathologic changes of pregnancy may alter the

maternal airway; this and neonatal well-being may impact

airway management in obstetric anesthesia.1–5 Difficult and

failed intubation in the obstetrical population is more likely

to be associated with anesthesia-related mortality com-

pared with difficult and failed airway situations in the

general surgical populations.20,32,33 Previous obstetric air-

way studies have focused on outcomes of GA with CD

only.9,11,19,34

This large Canadian cohort study is unique in that it

allowed a comprehensive evaluation of clinically relevant

predictive factors in the assessment of rates and risk for

difficult and failed intubation in pregnant women and in the

immediate postpartum period. This review considered

high- and low-risk obstetrical patients, GAs administered

for any surgical indication, and GAs administered during

the last 20 weeks of gestation and early postpartum peri-

ods; it also considered the impact of obstetric management

(oxytocin/labour) and delivery mode. As hypothesized, this

current study supports the assertion that, with current

obstetrical and anesthesia management, the rates of diffi-

cult and failed intubation (4.7% and 0.08%, respectively) in

our obstetric population are stable, and they are similar to

those of the general surgical population.

Table 2 Maternal, obstetrical, and anesthesia demographics for the study population of all women delivering at the IWK Health Centre

[20 weeks gestational age (n = 102,587) displayed by five-year epochs 1984 to 2003

5 Year Epoch

1984 to 1988

5 Year Epoch

1989 to 1993

5 Year Epoch

1994 to 1998

5 Year Epoch

1999 to 2003

Test for trends

over time*

Total deliveries 27,035 28,323 24,814 22,415 decreasing

P\ 0.0001

Mean maternal age at delivery, years (SD) 27.4 (4.9) 28.1 (5.1) 28.7 (5.4) 29.6 (5.5) increasing

P\ 0.0001

Multiparous (%) 53.1 53.1 53.3 52.7 P = 0.98

Mean pre-pregnancy weight kg (SD) 60.8 (11.8) 63.1 (13.0) 66.4 (14.6) 68.6 (16.0) increasing

P\ 0.0001

Mean pre-delivery weight kg (SD) 75.2 (12.4) 77.9 (13.4) 81.1 (14.8) 83.8 (16.1) increasing

P\ 0.0001

Smoking at admission (%) 29.3 27 25.1 16.9 decreasing

P\ 0.0001

Mean gestational age at delivery,

weeks (SD)

39.4 (2.4) 39.2 (2.4) 39.0 (2.3) 38.6 (2.4) decreasing

P\ 0.0001

Mean birth weight g (SD) 3,363.6 (648.2) 3,363.4 (653.7) 3,387.4 (664.2) 3,403.4 (659.1) increasing

P\ 0.0001

Labour induction (%) 12.9 17 23.4 29.4 increasing

P\ 0.0001

Labour augmentation (%) 16.1 20.93 28.3 32.5 increasing

P\ 0.0001

Cesarean delivery (%) n = 21,937 5,233 (19.1) 5,621 (19.6) 5,229 (20.8) 5,854 (25.9) increasing

P = 0.0002

Received general anesthesia (%) 5.16 2.8 0.8 1 decreasing

P\ 0.0001

Received regional anesthesia (%) 46.1 52.4 67.5 79.4 increasing

P\ 0.0001

General anesthesia for any surgical indication

n; total = 2,633

1,392 814 203 224 decreasing

P\ 0.0001

Difficult / Failed intubation identified any

surgical indication n (%); total = 125

63 (4.5) 46 (5.7) 7 (3.4) 9 (4.0) P = 0.78

General anesthesia Cesarean delivery

n (%); total = 1,005

443 (8.5) 302 (5.4) 110 (2.1) 150 (2.6) decreasing

P\ 0.0001

Difficult intubation for Cesarean

delivery n (%); total = 55

22 (5.0) 24 (7.9) 3 (2.7) 6 (4.0) P = 0.50

* Referent group = Epoch 1984 to 1988 v
2 test Epi Info 3.3.2, CDC, 2005

Difficult and failed obstetric intubation 519

123



These low rates are consistent with recent publications

by Djabatey et al. and Goldszmidt.18,23 In a UK audit from

2000 to 2007, Djabatey et al. concluded that low rates of

difficult (0.7%) and failed (0%) intubation were due to

their institutional policy of liberal GA administration and

maintenance of obstetric anesthesia airway skills. This

Table 3 Maternal, obstetrical, and anesthetic factors for all 2,633 general anesthetics administered for any surgical indication, 1984 to 2003

Difficult/Failed Intubation Univariate Model

OR (95% CI)

Multivariate Predictive Model

OR (95% CI)
Yes No

Maternal age, yr (%)

\20 2 (2.4%) 82 (97.6%) 0.48 (0.05 to 1.92) 0.26 (0.03 to 1.96)

20 to 29 56 (3.8%) 1,428 (96.2%) 0.77 (0.49 to 1.21) 0.69 (0.43 to 1.12)

30 to 34 35 (4.8%) 687 (95.2%) 1 1

C35 32 (9.3%) 311 (90.7%) 2.02 (1.19 to 3.42) 1.80 (1.04 to 3.11)

Maternal weight at delivery, kg (%)

\80 58 (4.2%) 1,329 (95.8%) 1 1

80 to 89 21 (5.5%) 364 (94.5%) 1.32 (0.77 to 2.26) 1.25 (0.74 to 2.11)

90 to 99 15 (8.7%) 157 (91.3%) 2.19 (1.16 to 4.08) 2.14 (1.17 to 3.94)

100 to 109 7 (6.1%) 108 (93.9%) 1.49 (0.56 to 3.37) 1.32 (0.58 to 3.03)

C110 4 (4.3%) 88 (95.7%) 1.04 (0.31 to 3.07) 0.93 (0.32 to 2.70)

Nulliparity (%)

Yes 31 (5.3%) 551 (97.4%) 1.17 (0.76 to 1.81) 1.40 (0.84 to 2.34)

No 94 (4.6%) 1,957 (95.4%) 1 1

Medical conditions (%)

Yes 22 (5.0%) 415 (95.0%) 1.08 (0.65 to 1.76) 0.83 (0.48 to 1.44)

No 103 (4.7%) 2,093 (95.3%) 1 1

Gestational hypertension (%)

Yes 22 (6%) 345 (94.0%) 1.34 (0.81 to 2.20) 1.01 (0.57 to 1.80)

No 103 (4.5%) 2,163 (95.5%) 1 1

Induced or augmented labour (%)

Yes 23 (4.3%) 514 (95.7%) 0.87 (0.54 to 1.42) 1.11 (0.63 to 1.92)

No 102 (4.9%) 1,994 (95.1%) 1 1

Active labour (%)

Yes 87 (4.1%) 2,056 (95.9%) 0.50 (0.33 to 0.76) 0.4 (0.25 to 0.69)

No 38 (7.8%) 452 (92.2%) 1 1

Gestational age at delivery, weeks (%)

20 to 23 1 (4.3%) 22 (95.7%) 0.91 (0.13 to 6.30) 1.36 (0.16 to 11.26)

24 to 27 2 (3.1%) 62 (96.9%) 0.65 (0.16 to 2.63) 0.67 (0.15 to 3.02)

28 to 31 4 (3.7%) 103 (96.3%) 0.78 (0.29 to 2.12) 0.65 (0.19 to 2.22)

32 to 35 15 (7.9%) 176 (92.1%) 1.64 (0.89 to 3.19) 1.45 (0.72 to 2.94)

36 to 39 50 (4.8%) 996 (95.2%) 1 1

C40 51 (4.4%) 1,099 (95.6%) 0.93 (0.63 to 1.36) 1.12 (0.71 to 1.78)

Anesthesia prior to GA (%)

No regional attempted 113 (4.8%) 2,250 (95.2%) 1 1

Failed regional 10 (4.6%) 207 (95.4%) 0.96 (0.47 to 1.93) 0.89 (0.41 to 1.90)

Conversion to GA 2 (4.0%) 48 (96.0%) 0.83 (0.10 to 3.24) 1.13 (0.26 to 4.89)

Timing of GA (%)

08:00 to 15:59 86 (4.9%) 1,662 (95.1%) 1 1

16:00 to 23:59 22 (4.8%) 440 (95.2%) 0.97 (0.58 to 1.60) 0.81 (0.45 to 1.46)

00:00 to 07:59 17 (4.0%) 403 (96.0%) 0.82 (0.46 to 1.42) 0.92 (0.51 to 1.64)

Numbers may not always add to total n due to missing data. Maternal medical conditions include: cardiac (including pre-existing hypertension),

respiratory, gastrointestinal, renal, neurologic, hematologic, and neoplastic diseases, diabetes, and gestational diabetes. OR = odds ratio;

CI = confidence interval; GA = general anesthesia
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current study with declining GA rates yet stable difficult

intubation rates does not support this assertion. The 2005

systematic review of obstetric airway publications by

Goldszmidt demonstrated no difference in the occurrence

of difficult (1% to 6%) or failed (0% to 0.7%) intubations

in the obstetric population compared with general surgical

Table 4 Maternal, obstetrical, and anesthetic factors in 1,005 general anesthetics administered for Cesarean delivery, 1984 to 2003

Difficult Intubation Univariate Model

OR (95% CI)

Multivariate Predictive Model

OR (95% CI)
Yes No

Maternal age, yr (%)

\20 0 (0%) 46 (100%) – –

20 to 29 30 (5.2%) 544 (94.8%) 0.91 (0.46 to 1.80) 0.93 (0.47 to 1.85)

30 to 34 15 (5.7%) 247 (94.3%) 1 1

C35 10 (8.1%) 113 (91.9%) 1.46 (0.59 to 3.57) 1.32 (0.54 to 3.21)

Maternal weight at delivery, kg (%)

\80 20 (4.4%) 437 (95.6%) 1 1

80 to 89 10 (7.1%) 131 (92.9%) 1.67 (0.71 to 3.86) 1.79 (0.84 to 3.81)

90 to 99 9 (11.4%) 70 (88.6%) 2.81 (1.13 to 6.82) 2.60 (1.11 to 6.08)

100 to 109 4 (8.0%) 46 (92.0%) 1.90 (0.45 to 6.01) 1.93 (0.67 to 5.55)

C110 4 (6.8%) 55 (93.2%) 1.59 (0.38 to 4.98) 1.60 (0.51 to 5.03)

Nulliparity (%)

Yes 22 (5.2%) 402 (94.8%) 0.91 (0.50 to 1.63) 1.09 (0.57 to 2.11)

No 33 (5.7%) 548 (94.7%) 1 1

Medical conditions (%)

Yes 13 (5.2%) 238 (94.8%) 0.93 (0.46 to 1.82) 0.67 (0.33 to 1.39)

No 42 (5.6%) 712 (94.4%) 1 1

Gestational hypertension (%)

Yes 18 (8.2%) 202 (91.8%) 1.80 (0.96 to 3.34) 1.38 (0.67 to 2.82)

No 37 (4.7%) 748 (95.3%) 1 1

Induced or augmented labour (%)

Yes 7 (4.1%) 162 (95.9%) 0.72 (0.33 to 1.57) 1.17 (0.41 to 3.31)

No 48 (5.7%) 788 (94.3%) 1 1

Active labour (%)

Yes 19 (3.6%) 512 (96.4%) 0.45 (0.25 to 0.82) 0.37 (0.17 to 0.84)

No 36 (7.6%) 438 (92.4%) 1 1

Gestational age at delivery, weeks (%)

20 to 23 0 (0%) 3 (100%) – –

24 to 27 2 (3.9%) 49 (96.0%) 0.63 (0.07 to 2.66) 0.69 (0.14 to 3.28)

28 to 31 4 (4.1%) 93 (95.9%) 0.67 (0.16 to 1.98) 0.69 (0.19 to 2.46)

32 to 35 13 (9.0%) 131 (91.0%) 1.53 (0.72 to 3.22) 1.38 (0.60 to 3.18)

36 to 39 26 (6.1%) 402 (93.9%) 1 1

C40 10 (3.8%) 253 (96.2%) 0.61 (0.27 to 1.35) 1.00 (0.47 to 2.11)

Anesthesia prior to GA (%)

No regional attempted 48 (5.7%) 793 (94.3%) 1 1

Failed Regional 6 (4.3%) 132 (95.7%) 0.75 (0.26 to 1.81) 1.01 (0.42 to 2.42)

Conversion to GA 1(4.2%) 23 (95.8%) 0.72 (0.02 to 4.62) 2.59 (0.53 to 12.73)

Timing of GA (%)

08:00 to 15:59 29 (6.7%) 405 (93.3%) 1 1

16:00 to 23:59 15 (5.2%) 274 (94.8%) 0.76 (0.38 to 1.51) 1.01 (0.49 to 2.10)

00:00 to 07:59 11 (3.9%) 269 (96.1%) 0.57 (0.26 to 1.21) 1.03 (0.47 to 2.26)

Numbers may not always add to total n due to missing data. Maternal medical conditions include: cardiac (including pre-existing hypertension),

respiratory, gastrointestinal, renal, neurologic, hematologic, and neoplastic diseases, diabetes and gestational diabetes. OR = odds ratio;

CI = confidence intervals; GA = general anesthesia
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populations. Goldszmidt concluded that previously pub-

lished obstetric airway studies that found increased rates

of obstetric airway difficulties might in fact be reflective

of anatomic abnormalities unrelated to pregnancy, lack of

preoperative airway assessment, or differences in operator

expertise rather than reflective of true anatomic airway

changes in the obstetric population.

The low and stable rates of difficult/failed intubation

observed in this studymay be attributed to selection bias and

the tertiary status of this institute. The high rate of epidural

usage at the IWK Health Centre (67.3% compared with

Canadian national average 43.4%) for all deliveries may

contribute to low rates of difficult intubation.35 Epidural

labour analgesia is converted fairly easily to surgical anes-

thesia, thus avoiding airway manipulation and allowing for

high rates of non-urgent airway assessment, which is part of

routine anesthesia evaluation during neuraxial placement.

The IWK Health Centre has a multidisciplinary approach

to the care of the pregnant patient, with early identification

of women with significant co-morbidities and consultation

to obstetric anesthesiology. Timely early antenatal anes-

thesiology consultation plus referral of high-risk preg-

nancies and obese women for early intrapartum placement

of neuraxial anesthesia may further contribute to the low

rates observed.

Descriptive studies and case reports have suggested that

intubation difficulties may be related to physiologic and

pathologic pregnancy airway changes.1,3Using multivariate

predictive modelling, we found that significant predictors

included maternal age, maternal weight at delivery, and

absence of labour. Previously accepted predictors of

increased risk, such as advancing gestation, maternal medi-

cal conditions, and gestational hypertension, did not appear

as significant factors. These current findings may reflect the

known increased risks for obstetrical interventions, includ-

ing CD, associated with advanced maternal age and obesity

rather than with true anatomic airway changes.36

While weight of 90 to 99 kg was found to be predictive,

we did not find that weight categories[99 kg predicted an

increased risk of difficult intubation. This may be explained

by the small numbers in these categories or by the potential

for differences in clinical care, i.e., early epidurals for those

women in higher weight categories. Supporting this

assertion, we found that there is a statistically significant

trend toward increased likelihood of having neuraxial

anesthesia with increasing weight at delivery (P\ 0.001).

Increasing Mallampati scores with advancing gestation

have been reported during labour and after delivery.4,5

However, using a broad range of gestational ages, we were

unable to establish advancing gestational age as a predictor

for difficult intubation. We found that the absence rather

than the presence of active labour was predictive of diffi-

cult intubation. As high-risk pregnancies are more likely to

require CD without labour, often for emergent indications,

this finding may be related to the tertiary status of the IWK

Health Centre. Indications for CD amongst women who did

Table 5 Risk analysis for difficult / failed intubation relative to mode of delivery and temporal relationship (antenatal / postpartum) of GA

induction to time of neonatal delivery

No Difficult /

Failed Intubation

Difficult /

Failed Intubation

OR (95%CI)

P value

GA administered to women by mode of delivery

Vaginal delivery

n = 1,581

1,516 65 (4.2%) 1.4 (1.0–2.1)

P = 0.07

Cesarean delivery

n = 1,052

992 60 (5.7%)

GA administered to women relative to the time of neonatal delivery

Antepartum GA induction prior to neonatal delivery

n = 1,032

977 55 (5.3%) 1.2 (0.8–1.8)

P = 0.26

Postpartum GA induction after neonatal delivery

n = 1,601

1,531 70 (4.4%)

GA relative to time of neonatal delivery and by mode of delivery�

Antepartum GA

GA administered prior to Vaginal delivery 24 0 OR*

GA administered prior to Cesarean delivery 953 55 (5.5%)

Postpartum GA

GA administered after Vaginal delivery 1,492 65 (4.2%) 2.9 (1.0–8.1)

P = 0.04GA administered after Cesarean delivery 39 5 (11.7%)

*OR = not defined; � = referent group vaginal delivery
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not experience labour in this study included placenta previa

(16.0%), fetal distress (11.4%), abruptio placenta (11.0%),

hypertensive diseases (9.1%), and other maternal disease

(7.0%).

The findings of this study may be most relevant to

institutions with similar physician and health care resour-

ces.6,9 The IWK Health Centre provides 24-hr in-house

consultant obstetric anesthesia coverage with no other sur-

gical service commitments, with additional anesthesia

trainee coverage on 25% of nights. The IWK Health Centre

does not provide routine non-obstetric adult emergency

services, so pregnant women presenting for care for non-

obstetric emergencies (i.e., trauma) requiring GA were not

included in our study population unless they were trans-

ferred to our centre for postoperative monitoring and

underwent subsequent delivery. Some studies have attrib-

uted increased rates of difficult intubation in the obstetric

population to the provision of anesthesia services at night.6,7

This study did not find that time of day was predictive for

increased risk of airway difficulties in either of the cohorts.

The two failed intubations found in the current study

were after vaginal delivery during postpartum tubal liga-

tion. A 2.9 fold increase risk of difficult intubation was

observed when GA was administered after operative

cesarean delivery of the neonate. Studies have shown

important anesthesia airway-related morbidity and mor-

tality in pregnant women during GA emergence and

recovery periods.11,37 These findings, in addition to the

current study findings, suggest that further education and

research is needed to address airway risk and GA-related

morbidly in the postpartum period.

In this study, rates of difficult or failed intubation are low

and do not appear to be higher than those reported in the

general surgical population, and previously accepted risk

factors did not predict an increased risk. New maternal and

obstetrical factors associated with difficult intubation/failed

intubation may not be easily modifiable but may be used to

identify women at increased risk, particularly those who

may be at high risk for operative delivery or those women

needing operative intervention in the postpartum period,

particularly after CD. Early antenatal and intrapartum

identification and consultation for anesthesia intervention

(including non-urgent airway assessment and early neur-

axial placement) and perioperative training of delivery unit

support staff (including resources for airway management)

remain important clinical care considerations.
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