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Abstract

Background: The aim of this post hoc analysis of a large cohort study was to evaluate the association between night-time

surgery and the occurrence of intraoperative adverse events (AEs) and postoperative pulmonary complications (PPCs).

Methods: LAS VEGAS (Local Assessment of Ventilatory Management During General Anesthesia for Surgery) was a

prospective international 1-week study that enrolled adult patients undergoing surgical procedures with general

anaesthesia and mechanical ventilation in 146 hospitals across 29 countries. Surgeries were defined as occurring during

‘daytime’ when induction of anaesthesia was between 8:00 AM and 7:59 PM, and as ‘night-time’ when induction was

between 8:00 PM and 7:59 AM.

Results: Of9861 includedpatients, 555 (5.6%)underwent surgeryduringnight-time.Theproportionof patientswhodeveloped

intraoperative AEs was higher during night-time surgery in unmatched (43.6% vs 34.1%; P<0.001) and propensity-matched

analyses (43.7% vs 36.8%; P¼0.029). PPCs also occurredmore often in patientswho underwent night-time surgery (14% vs 10%;

P¼0.004) in an unmatched cohort analysis, although not in a propensity-matched analysis (13.8% vs 11.8%; P¼0.39). In a

multivariable regressionmodel, including patient characteristics and types of surgery and anaesthesia, night-time surgery

was independently associated with a higher incidence of intraoperative AEs (odds ratio: 1.44; 95% confidence interval:

1.09e1.90; P¼0.01), but not with a higher incidence of PPCs (odds ratio: 1.32; 95% confidence interval: 0.89e1.90; P¼0.15).

Conclusions: Intraoperative adverse events and postoperative pulmonary complications occurred more often in patients

undergoing night-time surgery. Imbalances in patients’ clinical characteristics, types of surgery, and intraoperative

management at night-time partially explained the higher incidence of postoperative pulmonary complications, but not

the higher incidence of adverse events.

Clinical trial registration: NCT01601223.

Keywords: general anaesthesia; intraoperative complications; patient safety; postoperative complications; pulmonary
Editor’s key points

� There is concern that adverse events and complica-

tions occur more frequently with night-time surgery.

This is relevant because elective surgeries are often

undertaken at night.

� This secondary analysis of a multicentre international

cohort study evaluated whether intraoperative adverse

events and postoperative pulmonary complications

were more common with night-time surgery.

� Without adjusting for confounders, there were signifi-

cantly more intraoperative adverse events and post-

operative pulmonary complications with night-time

surgery. With adjustment, the significant risk for

intraoperative adverse events remained.

� This study provides suggestive evidence that surgery at

night is associated with intraoperative adverse events,

and weak evidence regarding postoperative pulmonary

complications.
The evidence is conflicting regarding the potential effect of the

timing of surgery during a 24-h day on the occurrence of

intraoperative adverse events (AEs) and postoperative out-

comes.1e6 For instance, the performance of a surgical team

during night-time could be affected by human factors,

including mental or physical fatigue, and reduced alertness.

These factors may increase the risk of AEs and

complications.7e11 Furthermore, fewer healthcare workers,

clinicians with less experience, and worse early postoperative

care might all compromise quality with night-time surgeries.

At night, there may be lower adherence to ‘best practices’ and

guidelines, potentially leading to a higher incidence of peri-

operative AEs.3e5,12 Postoperative pulmonary complications

(PPCs) are common, and are associated with subsequent
morbidity and mortality.13,14 The occurrence of intraoperative

AEs and PPCs is likely to be determined by patients’ charac-

teristics, type of surgery, and intraoperative events.15,16

It is currently unknown whether or not the timing of sur-

gery during the 24-h day has an effect on the incidence of

intraoperative AEs and PPCs. This study aimed to provide

descriptive statistics on intraoperative AEs and PPCs, and to

assess the association between these and the timing of sur-

gery. We analysed data from the Local Assessment of Venti-

latory Management During General Anesthesia for Surgery

(LAS VEGAS) study cohort.17 (The LAS VEGAS study network

collaborators are listed in Supplementary Appendix A.) We

hypothesised that the occurrence of intraoperative AEs and

PPCs is increased with night-time surgery.

Methods

This was a post hoc analysis of data from the LAS VEGAS study,

a prospective observational international 1 week study

designed to describe ventilation practices in operating rooms,

and the incidence of intraoperative AEs and PPCs.17

Cohort description

The study enrolled adult patients requiring intraoperative

ventilation (via either a tracheal tube or supraglottic device)

during general anaesthesia for either elective or non-elective

surgery (excluding thoracic surgery) in 146 hospitals across

29 countries over a period of 7 days. Exclusion criteria were age

less than 18 yr, pregnancy-related surgery, surgical procedures

outside the operating room, and procedures involving car-

diopulmonary bypass.

Coding of surgery timing

For the purpose of this post hoc analysis, we categorised the

timing of surgery according to the start of anaesthesia
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registered in the LAS VEGAS case report form. Procedures with

induction of anaesthesia between 8:00 AM and 7:59 PM were

coded as ‘daytime’ surgeries, and those with induction be-

tween 8:00 PM and 7:59 AM were coded as ‘night-time’

surgeries.
Outcomes definition and data reporting

The primary outcomes of this post hoc analysis were the inci-

dence of a composite of intraoperative AEs and the incidence

of a composite of PPCs.

Intraoperative AEs included (i) desaturation (SpO2 <92% for

more than 2 min); (ii) need for unplanned lung recruitment

manoeuvres (defined as ventilator strategies aimed to restore

aeration of the lungs); (iii) hypotension (systolic arterial blood

pressure <90 mmHg for 3 min or longer); (iv) use of vasoactive

drugs to correct hypotension; (v) new onset of expiratory flow

limitation (expiratory flow higher than zero at end expiration,

as suggested by visual analysis of flow curve); (vi) need for

ventilator pressure reduction (defined as ventilatory strategies

aimed to lower the peak and plateau pressures); and (vii) onset

of new arrhythmias (atrial fibrillation, sustained ventricular

tachycardia, supraventricular tachycardia, or ventricular

fibrillation).

Postoperative pulmonary complications were defined as

before17: (i) unplanned need for supplementary oxygen (oxy-

gen administered as a result of PaO2 <8 kPa or SpO2 <90% in

room air, but excluding oxygen supplementation given as

standard care, e.g. directly after arrival in the PACU); (ii) res-

piratory failure (PaO2 <8 kPa or SpO2 <90% despite oxygen

therapy, or a need for non-invasive positive pressure ventila-

tion); (iii) unplanned new or prolonged invasive mechanical

ventilation (after discharge from the operating room); (iv)

acute respiratory distress syndrome (defined according to the

Berlin definition)18; (v) pneumonia [presence of a new or pro-

gressive radiographic infiltrate, and at least two of three clin-

ical features: fever >38�C, leucocytosis or leucopenia (white

blood cell count >12 000 cells ml�1 or <4000 cells ml�1), and

purulent secretions]; and (vi) pneumothorax (air in the pleural

space with no vascular bed surrounding in the visceral pleura

on the chest radiograph). Severe PPCs were defined by

excluding the variable ‘unplanned need for supplementary

oxygen’ from the composite.

Other information reported included patient characteris-

tics, ASA physical classification, preoperative oxygen satura-

tion, co-morbidities, type of surgery (i.e. laparoscopic or non-

laparoscopic), duration of surgery and anaesthesia, ventila-

tion parameters [e.g. tidal volume, peak and plateau pressures,

compliance, ventilatory frequency, PEEP, and driving pressure

(calculated by subtracting PEEP from the plateau pressure)],

and anaesthetic management choices (e.g. type and amount of

fluids administered, neuromuscular block management,

transfusions, and epidural anaesthesia).
Statistical analysis

Patients were stratified by daytime or night-time surgery.

Variables collected hourly [including tidal volume VT, PEEP,

peak and plateau pressures (or maximum airway pressure,

where available), ventilatory frequency, inspired oxygen

fraction (FiO2), and calculated variables (e.g. driving pressure

and compliance)] were presented as median values with inter-

quartile ranges. VT was presented as absolute volume (ml) and

volume normalised for predicted body weight (ml kg�1). The
predicted body weight of male patients was calculated as

equal to 50þ0$91* (centimetres of height e 152$4); that of fe-

male patients was calculated as equal to 45$5þ0$91* (centi-

metres of height e 152$4). No assumptions were made for

missing data (see Supplementary Appendix B for details on

missing data for specific variables). Proportions were

compared using c2 or Fisher’s exact tests, and continuous

variables were compared using Student’s t-test or Wilcoxon

rank sum test.

We performed a logistic regression analysis to detect

whether the risk of intraoperative AEs and PPCs was different

according to the time of surgery (night vs day), and to adjust for

potential confounding factors (patient characteristics and

perioperative data). Variables were selected to be included in

the multivariable model according to clinical relevance and

when a P<0.2 was found in the univariable analysis. We also

tested the interaction between the time of surgery and

whether or not surgery was laparoscopic (type of surgery).

To check the consistency of the findings, a co-variate

balancing propensity score matching was performed. The co-

variate balancing propensity score is a robust method, which

concurrently maximises the co-variate balance and the

treatment assignment prediction. The co-variate balancing

propensity score was used to estimate the probability of being

operated during daytime or during night-time, considering

several baseline co-variates. One-to-two near-neighbour

matching without replacement was performed. A caliper of

0.1 was specified to constrain the difference between pairs.

The following variables were used to construct the propensity

score: Assess Respiratory Risk in Surgical Patients in Catalonia

risk score for PPCs19; ASA physical status; age; functional

status; cancer; preoperative red blood cell transfusion; dura-

tion of surgery; BMI; preoperative SpO2; smoking; chronic

obstructive pulmonary disease; chronic kidney diseases; heart

failure; obstructive sleep apnoea; respiratory infection; type of

surgery; elective, urgent, or emergency surgery; duration of

anaesthesia; epidural anaesthesia; antibiotic prophylaxis; and

fluid administration and blood component transfusion during

surgery. KaplaneMeier curves were used to estimate the cu-

mulative incidence of PPCs until Day 5, hospital discharge, and

survival at Day 28.

By convention, two-sided statistical significance was

assumed with P<0.05. No adjustment for multiple testing was

applied; therefore, all outcomes in this study are exploratory.

As a sensitivity analysis, we did correct for multiplicity using

the BenjaminieHochberg procedure. All analyses were per-

formed with R version 3.4.1 (The R Foundation for Statistical

Computing, http://www.R-project.org/).
Results

Unmatched cohort

Of 9861 included patients, 9306 (94.4%) underwent surgery

during daytime and 555 during night-time (5.6%). Table 1

shows the patients’ characteristics, preoperative evaluation,

and data related to type of surgery presented in daytime and

night-time groups. Night-time patients had higher ASA phys-

ical status scores, higher Assess Respiratory Risk in Surgical

Patients in Catalonia scores, were more partially dependent,

and more frequently suffered from heart failure. Table 2

shows surgery characteristics and intraoperative manage-

ment. Night-time surgeries more often involved urgent and

emergency surgeries, even though there was also a large

http://www.R-project.org/


Table 1 Patient and surgical characteristics in the ‘daytime’ and ‘night-time’ unmatched groups. Data are presented as median (25th,
75th percentile) or event (%). GI, gastrointestinal; Hb, haemoglobin; SpO2, peripheral oxygen saturation

Daytime (n¼9306) Night-time (n¼555) P-value

Female sex 5124 (55.1) 299 (53.9) 0.615
Age (yr) 53.00 (39.00, 66.00) 53.00 (38.25, 66.00) 0.676
BMI (kg m�2) 26.26 (23.38, 30.03) 25.69 (22.78, 29.44) 0.046
ASA physical status 0.001
1 2861 (30.8) 152 (27.5)
2 4490 (48.4) 250 (45.2)
3 1770 (19.1) 133 (24.1)
4 155 (1.7) 18 (3.3)
5 8 (0.1) 0 (0.0)
‘Assess Respiratory Risk in Surgical
Patients in Catalonia’ score

16.00 (3.00, 31.00) 18.00 (3.00, 34.00) <0.001

Functional status 0.051
Non-dependent 8604 (92.5) 498 (89.7)
Partially dependent 575 (6.2) 46 (8.3)
Totally dependent 121 (1.3) 11 (2.0)

Preoperative SpO2 (%) 98.00 (96.00, 99.00) 98.00 (96.00, 99.00) 0.002
Preoperative anaemia (Hb �10 g dl�1) 305 (3.9) 24 (5.1) 0.268
Smoking 2158 (23.2) 132 (23.8) 0.794
Chronic obstructive pulmonary disease 563 (6.0) 33 (5.9) 0.994
Cirrhosis 93 (1.0) 9 (1.6) 0.233
Cancer 365 (3.9) 27 (4.9) 0.321
Chronic kidney dysfunction 292 (3.1) 18 (3.2) 0.990
Heart failure 538 (5.8) 47 (8.5) 0.012
Obstructive sleep apnoea 190 (2.0) 15 (2.7) 0.364
Neuromuscular diseasea 83 (0.9) 5 (0.9) 1.000
Respiratory infection <30 days 336 (3.6) 27 (4.9) 0.159
Red blood cell transfusion <30 days 70 (0.8) 5 (0.9) 0.888
Preoperative Hb (g dl�1) 13.70 (12.60, 14.80) 13.54 (12.40, 14.80) 0.234
Preoperative creatinine (mg dl�1) 0.80 (0.70, 0.99) 0.81 (0.70, 0.98) 0.248
Urgency of surgeryb <0.001
Elective 8350 (89.7) 412 (74.2)
Urgent 749 (8.1) 96 (17.3)
Emergency 205 (2.2) 47 (8.5)

Duration of surgery (h) <0.001
�2 6522 (70.2) 339 (61.2)
2e3 1805 (19.4) 108 (19.5)
>3 963 (10.4) 107 (19.3)

Surgical procedurec

Lower GI
1018 (10.9) 77 (13.9) 0.039

Upper GI 1277 (13.7) 80 (14.4) 0.692
Vascular surgeryd 293 (3.1) 16 (2.9) 0.823
Aortic surgery 62 (0.7) 2 (0.4) 0.549
Neurosurgery, head and neck 1887 (20.3) 119 (21.4) 0.543
Urological and kidney 817 (8.8) 41 (7.4) 0.292
Gynaecological 1097 (11.8) 43 (7.7) 0.005
Endocrine surgery 187 (2.0) 7 (1.3) 0.282
Transplant 29 (0.3) 5 (0.9) 0.054
Plastic, cutaneous, breast 996 (10.7) 41 (7.4) 0.016
Bone, joint, trauma spine 1467 (15.8) 127 (22.9) <0.001
Other procedures 553 (5.9) 32 (5.8) 0.937

Surgical techniquee

Open abdominal surgery
1661 (17.8) 112 (20.2) 0.183

Laparoscopic surgery 1644 (17.7) 91 (16.4) 0.480
Laparoscopic-assisted surgery 159 (1.7) 8 (1.4) 0.761
Peripheral surgery 1690 (18.2) 137 (24.7) <0.001
Other 4212 (45.3) 214 (38.6) 0.002

Duration of anaesthesiaf (min) 101.00 (65.00, 160.00) 118.00 (75.00, 200.75) <0.001
Duration of surgeryg (min) 72.00 (40.00, 122.00) 80.00 (50.00, 150.00) <0.001

a Neuromuscular disease affecting the respiratory system.
b Urgency of surgery: elective, surgery that is scheduled in advance because it does not involve a medical emergency; urgent, surgery required within

<48 h; emergency, non-elective surgery performed when the patient’s life or well-being is in direct jeopardy.
c Surgical procedure: a patient can have more than one surgical procedure.
d Vascular surgery is carotid endarterectomy, aortic surgery, and peripheral vascular surgery taken together.
e Surgical technique: surgical approach to the procedure. A patient can have more than one type of surgical technique.
f Duration of anaesthesia is the time between start of induction and tracheal extubation or discharge from operation room if mechanical ventilation is

continued.
g Duration of surgery is the time between skin incision and closure of the incision.
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Table 2 Intraoperative variables and ventilator parameters and settings in the unmatched ‘daytime’ and ‘night-time’ groups. Data are
presented as median (25th, 75th percentile) or event (%). ABW, actual body weight; NMBA, neuromuscular blocking agent; PBW,
predicted body weight calculated as 50þ[0.91�(cm heighte152.4)] for males and 45.5þ[0.91e(cm heighte152.4)] for females; driving
pressure: calculated as plateau pressureePEEP; SpO2, peripheral oxygen saturation; EtCO2, expiratory carbon dioxide

Daytime (n¼9306) Night-time (n¼555) P-value

Epidural 458 (4.9) 18 (3.2) 0.091
Antibiotic prophylaxis 6369 (68.5) 429 (77.3) <0.001
Train-of-four monitoring 1658 (17.8) 127 (23.0) 0.002
Total fluid amount (ml) 1000 (800, 1600) 1100 (1000, 2000) <0.001
Crystalloid (ml) 1000 (620, 1500) 1000 (750, 1800) 0.002
Colloid (ml) 500 (0, 500) 500 (500, 500) 0.004
Transfusion during surgery 306 (3) 24 (4.3) 0.231
NMBA 7807 (84) 465 (84) 1.000
NMBA reversal 3152 (34) 142 (26) <0.001
Mode of ventilation <0.001
Volume controlled 6470 (71) 344 (63)
Pressure controlled 1469 (16) 102 (19)
Pressure support ventilation 99 (1) 5 (1)
Spontaneous 503 (6) 35 (6.4)

Other 626 (7) 61 (11)
Peak pressure (cm H2O) 17.5 (15.0, 21.0) 17.5 (15.0, 20.0) 0.750
Plateau pressure (cm H2O) 15.5 (13.0, 18.5) 16.0 (14.0, 19.0) 0.089
Tidal volume (ml) 500 (456, 560) 500 (450, 550) 0.028
Tidal volume ml kg�1 ABW 6.76 (5.86, 7.69) 6.67 (5.76, 7.69) 0.287
Tidal volume ml kg�1 PBW 8.13 (7.23, 9.13) 7.91 (7.15, 8.72) <0.001
FiO2 (%) 52 (46, 70) 51 (45, 70) 0.253
PEEP (cm H2O) 3.0 (0, 5.0) 4.0 (2.0, 5.0) <0.001
Driving pressure 12.0 (10.0, 15.0) 12.0 (10.0, 15.0) 0.400
Ventilatory frequency 12 (12, 13) 12 (12, 14) 0.002
Minute ventilation (L min�1) 6000 (5000, 6764) 6000 (4980, 6820) 0.920
Recruitment manoeuvres 914 (10) 51 (9) 0.670
SpO2 (%) 99 (98, 100) 99 (98, 100) 0.789
EtCO2 (kPa) 4.5 (4.1, 4.9) 4.5 (4.2, 4.8) 0.219
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proportion (74.2%) of elective surgeries. Moreover, in the night-

time, the durations of both anaesthesia and surgery were

longer. During night-time, patients received more i.v. fluids,

more patients received antibiotic prophylaxis, and fewer pa-

tients received neuromuscular block antagonism, despite a

similar use of neuromuscular blocking agents (NMBAs). Con-

cerning ventilation, we did not detect a clinically relevant

difference in ventilator settings and parameters between

daytime and night-time.
Intraoperative adverse event

The proportion of patients who developed intraoperative AEs

was higher during night-time [n¼242 (43.6%)] compared with

daytime [n¼3165 (34.1%); P<0.001] (Table 3). Table 4 shows the

results of the logistic regression analysis for occurrence of

intraoperative complications. Night-time surgery was inde-

pendently associated with a higher incidence of intraoperative

AEs [odds ratio (OR): 1.44; 95% confidence interval (CI):

1.09e1.9; P¼0.01]. There was no interaction between time of

surgery and whether or not surgery was laparoscopic in the

occurrence of intraoperative AEs (P¼0.46). The association

between time of surgery and intraoperative AEs remained

significant after the multiplicity correction (P¼0.029).
Postoperative pulmonary complications

Postoperative pulmonary complications occurred more

frequently in patients who underwent surgery during night-
time [n¼77 (14%)] compared with daytime [n¼926 (10%);

P¼0.004] (Table 3). Table 5 shows the results of the logistic

regression analysis for occurrence of PPCs. Night-time surgery

was not associated with a significantly higher incidence of

PPCs (OR: 1.32; 95% CI: 0.89e1.9; P¼0.152). Also, with respect to

the occurrence of PPCs, there was no interaction between the

time of surgery and whether or not surgery was laparoscopic

(P¼0.12). There was a significant difference in the cumulative

incidence of PPCs between the night-time and daytime groups

until Day 5 (P¼0.017; Fig. 1).
Hospital discharge and survival

The hospital length of stay was longer and mortality at 28

days was higher in patients who underwent surgery at

night-time (Table 3). There was also a significant difference

in the cumulative incidence for hospital discharge at 28

days (P<0.001); Supplementary Appendix B, Fig. S1), but not

for survival (P¼0.17; Supplementary Appendix B, Fig. S2)

between the night-time and daytime patients. After the

multiplicity correction, the association between hospital

length of stay and time of surgery remained significant

(P<0.001).
Matched analysis

After matching, 757 patients were included in the daytime

group and 380 in the night-time group. The two groups were

well balanced in terms of patients’ characteristics,



Table 3 Intraoperative adverse events, postoperative pulmonary complications, and clinical outcomes in the unmatched ‘daytime’
and ‘night-time’ groups

Daytime (n¼9306) Night-time (n¼555) P-value

Total intraoperative adverse events (AEs)a 3165 (34.1) 242 (43.6) <0.001
Intraoperative desaturationb 353 (3.8) 34 (6.1) 0.008
Intraoperative need for unplanned recruitment manoeuvresc 315 (4) 17 (3.1) 0.765
Intraoperative need for ventilatory pressure reductiond 263 (2.8) 19 (3.4) 0.501
Intraoperative onset of expiratory flow limitatione 51 (0.6) 1 (0.2) 0.403
Intraoperative hypotensionf 2432 (26.2) 185 (33.3) <0.001
Intraoperative need for vasopressorsg 2032 (21.9) 176 (31.8) <0.001
Intraoperative new arrhythmiah 56 (0.6) 4 (0.7) 0.946
Total postoperative pulmonary complicationsi 926 (10.1) 77 (14.0) 0.004
Severe postoperative pulmonary complications j 230 (2.5) 40 (7.3) <0.001
Unplanned supplemental oxygenk 775 (8.5) 50 (9.1) 0.662
Respiratory failurel 134 (1.5) 22 (4.0) <0.001
New use of mechanical ventilation (MV) during follow-up 89 (1.0) 18 (3.3) <0.001
Acute respiratory distress syndrome 6 (0.1) 3 (0.5) 0.004
Pneumonia 37 (0.4) 3 (0.5) 0.872
Barotrauma 12 (0.1) 1 (0.2) 1.000
Hospital length of stay (day) [median (25th, 75th percentile)] 1.0 (0, 4.0) 2.0 (0, 5.0) <0.001
Deathm 48 (0.6) 8 (1.5) 0.016

a Total introperative AEs: number (and proportion) of patients who developed at least one intraoperative AE. One patient could present with multiple
intraoperative AEs, but was scored only one (yes-or-no principle).

b Intraoperaive desaturation: SpO2 <92% for more than 2 min.
c Intraoperaive need for unplanned recruitment manoeuvres: ventilator strategies aimed to lower peak and plateau pressures.
d Intraoperaive need for ventilator pressure reduction: ventilator strategies aimed to lower peak and plateau pressures.
e Intraoperaive onset of expiratory flow limitation: expiratory flow higher than zero at end-expiration, as suggested by visual analysis of the flow

curve.
f Intraoperive hypotension: systolic arterial blood pressure <90 mm Hg.
g Intraoperaive need for vasopressors: any vasoactive drug given to correct hypotension as defined previously.
h Intraoperive new arrhythmia: atrial fibrillation, sustained ventricular tachycardia, supraventricular tachycardia, or ventricular fibrillation. PPCs on

Days 1e5 were score ‘yes’ as soon as the event occurred on either ward or ICU.
i Total PPC number (and proportion) of patientswho developed at least one PPC. One patient could presentwithmultiple PPCs, butwas scored only one

(yes-or-no principle).
j Severe PPCs were defined by excluding the variable ‘unplanned supplemental oxygen’.
k Unplannedupplemental oxygen: supplemental oxygen administered as a result of PaO2 <8 kPa or SpO2 <90% in room air, excluding oxygen sup-

plementation given as standard care: death at the end of follow-up.
l Respirato failure: PaO2 <60 mm Hg or SpO2 <90% despite oxygen therapy, or need for non-invasive mechanical ventilation.

m Death: on Day 28.
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preoperative data, and data related to surgery (Supplementary

Appendix B, Table S1). However, patients in the night-time

group more frequently received NMBAs and less frequently

received NBMA antagonism (Supplementary Appendix B,

Table S2). Intraoperative AEs remained significantly more

frequent in the night-time. In contrast, the proportion of pa-

tients developing PPCs was not significantly different between

night-time and daytime (Supplementary Appendix B,

Table S3). We found no difference in the propensity-matched

analysis between the daytime and night-time groups in hos-

pital length of stay and mortality (Supplementary Appendix B,

Table S3), cumulative incidence for PPCs, and hospital

discharge and survival (Supplementary Appendix B, Figs

S3eS5).
Discussion

The main results of the present study were (i) intraoperative

AEs occurred more frequently during night-time surgeries,

even after correcting for potentially confounding factors, and

(ii) PPCs occurred more frequently after night-time surgeries;

however, this association was not significant after adjusting

for potential confounders.
Human or situational factors leading to decreased alert-

ness, teamwork, performance, and quality of care might all

contribute to the higher occurrence of intraoperative AEs

during night-time.8,9,11,20,21 One study evaluated 13 pairs of

dayenight matched anaesthesia cases performed by anaes-

thesiologists in training.21 That study found that, at night,

there was worse mood and task performance on manual and

monitoring tasks. The investigators speculated that fatigue

might have contributed.21 These findings were reinforced in

another study including 21 anaesthesiologists, demonstrating

worse reaction times with sleep deprivation.22 Also consistent

with this interpretation, in a study including women in labour,

night-time epidural insertionwas associatedwith a higher risk

of dural puncture.7

The findings of the current study recapitulate the results of

other studies reporting an association between perioperative

AEs and timing of surgery.3e5 Interestingly, there is also a re-

ported association between late-afternoon anaesthesia start

time and anaesthetic-related AEs (e.g. pain and postoperative

nausea and vomiting).23 However, a recent retrospective

analysis of the American College of Surgeons National Surgical

Quality Improvement Program administrative data set evalu-

ated intraoperative AEs during night-time.24 The authors



Table 5 Logistic regression model for the occurrence of post-
operative pulmonary complications. CI, confidence interval;
COPD, chronic obstructive pulmonary disease; FS, functional
status; Hb, haemoglobin; OR, odds ratio; RBC, red blood cell;
SpO2, peripheral oxygen saturation

Or (95% CI) P-value

Age 1.01 (1e1.02) 0.002
BMI 1.02 (1e1.03) 0.081
ASA physical status 1.33 (1.12e1.58) 0.001
ARISCAT score 1.01 (1e1.02) 0.070
Partially dependent (FS) 1.03 (0.72e1.43) 0.886
Totally dependent (FS) 0.78 (0.3e1.78) 0.576
Preoperative SpO2 0.94 (0.9e0.99) 0.010
Preoperative (Hb �10 g dl�1) 1.19 (0.7e1.99) 0.508
Smoker 0.84 (0.64e1.08) 0.179
COPD 1.29 (0.91e1.81) 0.143
Cancer 1.64 (1.13e2.34) 0.008
Chronic kidney disease 1.37 (0.91e2.03) 0.131
Heart failure 0.97 (0.67e1.38) 0.866
Sleep apnoea 2.05 (1.17e3.49) 0.010
Respiratory infection <30 days 1.46 (0.95e2.22) 0.080
RBC transfusion <30 days 0.79 (0.25e2.17) 0.665
Preoperative Hb 0.98 (0.92e1.04) 0.514
Leucocyte count 1 (1e1) 0.012
Preoperative creatinine 1.01 (0.97e1.04) 0.670
Urgent surgery 1.4 (0.99e1.96) 0.053
Emergency surgery 2.63 (1.38e4.87) 0.003
Duration of anaesthesia 1 (1e1) <0.001
Epidural 1.18 (0.82e1.67) 0.358
Antibiotic prophylaxis 1.07 (0.83e1.39) 0.605
Total fluid amount 1 (1e1) 0.752
Transfusion of RBC during
surgery

1.49 (0.99e2.22) 0.051

Intraoperative adverse events 1.46 (1.19e1.8) <0.001
Residual curarisation 3.85 (1.9e7.68) <0.001
Surgery during weekend 1.62 (0.87e2.9) 0.113
Laparoscopic surgery
‘Night-time’ surgery

0.95 (0.71e1.26)
1.32 (0.89e1.9)

0.745
0.152

Table 4 Logistic regression model for the occurrence of
intraoperative adverse events. CI, confidence interval; COPD,
chronic obstructive pulmonary disease; FS, functional status;
Hb, haemoglobin; OR, odds ratio; RBC, red blood cell; SpO2,
peripheral oxygen saturation

Or (95% CI) P-value

Age 1.02 (1.02e1.03) <0.001
BMI 1.01 (1e1.02) 0.036
ASA physical status 1.18 (1.05e1.32) 0.005
ARISCAT score 0.99 (0.99e1.01) 0.726
Partially dependent (FS) 1.33 (1.02e1.74) 0.037
Totally dependent (FS) 2 (1.07e3.78) 0.030
Preoperative SpO2 0.93 (0.9e0.96) <0.001
Preoperative (Hb �10 g dl�1) 1 (0.65e1.51) 0.987
Smoker 0.98 (0.84e1.15) 0.839
COPD 0.86 (0.66e1.11) 0.246
Cancer 1.01 (0.74e1.37) 0.950
Chronic kidney disease 1.3 (0.92e1.83) 0.129
Heart failure 0.89 (0.68e1.15) 0.370
Sleep apnoea 1.74 (1.12e2.7) 0.014
Respiratory infection <30 days 1.61 (1.16e2.23) 0.005
RBC transfusion <30 days 0.77 (0.31e1.85) 0.557
Preoperative Hb 1.02 (0.98e1.06) 0.435
Leucocyte count 1 (1e1) 0.023
Preoperative creatinine 1.03 (1e1.09) 0.136
Urgent surgery 0.81 (0.62e1.04) 0.104
Emergency surgery 1.52 (0.88e2.64) 0.133
Duration of anaesthesia 1 (1e1) <0.001
Epidural 1.96 (1.47e2.64) <0.001
Antibiotic prophylaxis 1.25 (1.07e1.47) 0.004
Total fluid amount 1 (1e1) 0.022
Transfusion of RBC
during surgery

1.44 (1e2.09) 0.053

Residual curarisation 1.34 (0.68e2.69) 0.402
Surgery during the
weekends

0.81 (0.49e1.32) 0.413

Laparoscopic surgery
‘Night-time’ surgery

0.74 (0.61e0.89)
1.44 (1.09e1.9)

0.002
0.010
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found that night-time surgery was not independently associ-

ated with a higher risk of intraoperative AEs. However, the

definition of AEs24 was different from the definition used in the

current study.

In the current study, there was no clinically relevant dif-

ference in ventilator management between daytime and

night-time surgeries. However, the night-time group had

higher Assess Respiratory Risk in Surgical Patients in Cata-

lonia scores, mainly as a result of preoperative SpO2, higher

proportions of urgent and emergency surgery, and longer du-

rations of surgery.19 Moreover, the proportion receiving NMBA

antagonism was lower during night-time vs daytime. Residual

neuromuscular block has been found associated with PPCs

after the use of NMBAs.25,26 Lower use of NMBA antagonism

with night-time surgeries might have partially explained the

increase in PPCs.26 Several imbalances in patients’ co-

morbidities between the night-time and daytime groups

might also have contributed to differences in PPCs.

Since the result of this posthoc analysis suggests that

timing of surgery impacts outcome of patients, it seems

imperative to make the balance between risks and benefits

case by case. It could be argued that surgery outside working

hours should only be done if this is normal practice, meaning

that the teams responsible are incorporated and prepared to
perform these surgeries during these time-slots. Otherwise,

risk scores, alike the ARISCAT19 or the LAS VEGAS27 risk scores

for PPCs, could be useful in predicting which patients run the

highest risk of developing PPCs, even when performed during

night-time, to help to determine the balance between risks

and benefits. Future studies should focus on human and lo-

gistic factors related to nigh-time surgeries.
Strengths and limitations

The strengths of the study are (i) the size and the prospective

multicentre design of the original data set; (ii) the strict criteria

used to define intraoperative complications and PPCs; and (iii)

the correction of the results formultiple potential confounders

related to patients’ characteristics, type of surgery, type of

anaesthesia, and intraoperative management.

There are also limitations. First, the daytime and night-

time groups were defined according to the time of anaes-

thesia induction.1 Many of the surgeries started in the day-

time might have extended into the night-time, and vice

versa. Second, the LAS VEGAS study did not include data on

level of training, year of training, and experience of anaes-

thesiologists and surgeons. Third, information on the hours

on duty when performing anaesthesia or surgical procedures



Fig 1. KaplaneMeier estimate of cumulative incidence of postoperative pulmonary complication (PPCs) in the daytime and night-time

group until Day 5 in the unmatched daytime and night-time groups.
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was not recorded.17 Consequently, we can only speculate on

such factors. Fourth, the multicentre design of the study led

to the inclusion of centres with different characteristics,

experiences, and approaches to night working. This is re-

flected by the fact that 74% of patients in the night-time

group underwent elective surgery. Finally, LAS VEGAS was

an observational study, and the results are hypothesis

generating.

Intraoperative AEs and PPCs occurred more frequently in pa-

tients undergoing night-time surgery. Imbalances in patients’

clinical characteristics, types of surgery, and intraoperative

management at night-time partially explained the higher inci-

dence of PPCs, but not the higher incidence of AEs.
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