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BACKGROUND—Anaemia is frequently recorded during preoperative screening and has been 

suggested to affect outcomes after surgery negatively.

OBJECTIVES—The objectives were to assess the frequency of moderate to severe anaemia and 

its association with length of hospital stay.

DESIGN—Post hoc analysis of the international observational prospective ‘Local ASsessment of 

VEntilatory management during General Anaesthesia for Surgery’ (LAS VEGAS) study.

PATIENTS AND SETTING—The current analysis included adult patients requiring general 

anaesthesia for non-cardiac surgery. Preoperative anaemia was defined as a haemoglobin 

concentration of 11 g dl−1 or lower, thus including moderate and severe anaemia according to 

World Health Organisation criteria.

MAIN OUTCOME MEASURES—The primary outcome was length of hospital stay. Secondary 

outcomes included hospital mortality, intra-operative adverse events and postoperative pulmonary 

complications (PPCs).

RESULTS—Haemoglobin concentrations were available for 8264 of 9864 patients. Preoperative 

moderate to severe anaemia was present in 7.7% of patients. Multivariable analysis showed that 

preoperative moderate to severe anaemia was associated with an increased length of hospital stay 

with a mean difference of 1.3 ((95% CI 0.8 to 1.8) days; P < .001). In the propensity-matched 

analysis, this association remained present, median 4.0 [IQR 1.0 to 5.0] vs. 2.0 [IQR 0.0 to 5.0] 

days, P = .001. Multivariable analysis showed an increased in-hospital mortality (OR 2.9 (95% CI 

1.1 to 7.5); P = .029), and higher incidences of intra-operative hypotension (36.3 vs. 25.3%; P < 

.001) and PPCs (17.1 vs. 10.5%; P = .001) in moderately to severely anaemic patients. However, 

this was not confirmed in the propensity score-matched analysis.

CONCLUSIONS—In this international cohort of non-cardiac surgical patients, preoperative 

moderate to severe anaemia was associated with a longer duration of hospital stay but not 

increased intra-operative complications, PPCs or in-hospital mortality.

TRIAL REGISTRATION—The LAS VEGAS study was registered at Clinicaltrials.gov, 

NCT01601223.

Introduction

The global prevalence of anaemia in the general population is high, around one in 

every three individuals.1 Consequently, anaemia is recorded frequently during preoperative 

screening. In orthopaedic patients, reported incidences of anaemia vary between 14% and 

34%.2–6 In patients scheduled for major surgical interventions at increased risk of cardiac 

complications, incidences of 31% and 58% have been reported.7,8 Around 40% of elderly9 

and oncology patients have anaemia before surgery.10–12

Regardless of its cause, it has been suggested that preoperative anaemia in non-cardiac 

surgical patients has a negative impact on postoperative morbidity and mortality.9,13,14 Of 

note, previous investigations focusing on preoperative anaemia were either retrospective, 

prospective–cohort, or database studies in specific patient groups and focused mainly on 

in-hospital mortality. Also, in the majority of studies, patient groups remained unmatched.15 
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Propensity score-matching could provide additional insight into the multifactorial 

association between anaemia and outcome. Finally, in this analysis we focused on the most 

clinically relevant levels of anaemia by excluding mildly anaemic patients.

The aim of this investigation, therefore, was to investigate the association between 

preoperative moderate to severe anaemia and relevant patient-centred postoperative 

endpoints. For this purpose, the conveniently sized prospective ‘Local ASsessment of 

VEntilatory management during General Anaesthesia for Surgery’ (LAS VEGAS) study 

was re-analysed.16 Preoperative anaemia was defined as a haemoglobin concentration <11.0 

g dl−1, thus including both moderate and severe anaemia according to the World Health 

Organisation (WHO).17 The primary hypothesis tested was that preoperative moderate to 

severe anaemia increases length of hospital stay. In addition to simple descriptive analyses 

comparing patients with preoperative moderate to severe anaemia with patients who were 

not anaemic at preoperative screening, a propensity score-matched analysis was performed 

to correct for other factors known to impact postoperative outcomes.

Methods

For this post hoc analysis, data were retrieved from the database of the LAS VEGAS 

study. The LAS VEGAS study was an international, multicentre, prospective study aimed 

at determining the incidence of patients at risk of postoperative pulmonary complications 

(PPCs) and to compare ventilation strategies. The study protocol was first approved 

by the ethics committee of the Academic Medical Centre, Amsterdam, the Netherlands 

(W12_190#12.17.0227). Each site was requested to seek approval to implement the study 

protocol from their respective institutional review boards and, if required, to obtain written 

informed consent from patients. Surgical patients were enrolled over a period of seven 

consecutive days in the calendar year 2013. National coordinators selected the exact period 

during which data were collected for the study in their respective countries.

Adult patients receiving invasive ventilation via either an endotracheal tube or supraglottic 

device during general anaesthesia for elective or non-elective surgery were eligible. Patients 

were excluded if aged less than 18 years, or scheduled for pregnancy-related surgery. 

Procedures outside the operating room and patients who required cardiopulmonary bypass 

were also excluded. The database contains granular data of 9864 adult patients from 146 

centres in 29 countries scheduled for invasive ventilation during general anaesthesia for 

elective and non-elective non-cardiac surgery.

From the database of the LAS VEGAS study, all patients with available preoperative 

haemoglobin concentrations were identified and included in the current analysis. According 

to the WHO, anaemia can be divided into different categories.17 For women, a preoperative 

haemoglobin concentration between 11.0 and 11.9 g dl−1 and for men between 11.0 and 12.9 

g dl−1 is defined as mild anaemia. For both sexes, a preoperative haemoglobin concentration 

<11.0 g dl−1 has been suggested as a cutoff for moderate anaemia and a concentration <8.0 

g dl−1 for severe anaemia. For the purpose of the current post hoc analysis, the focus was on 

a sex neutral and clinically relevant haemoglobin concentration of 11.0 g dl−1, thus including 

moderate and severe anaemia, as defined by the WHO definitions.
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The primary endpoint was the association between preoperative anaemia and length of 

hospital stay (LOS). Secondary endpoints included the associations between preoperative 

anaemia and the occurrence of intra-operative adverse events (AEs), PPCs, and in-hospital 

mortality. All endpoints were examined at postoperative day 28.

Definitions

Intra-operative AEs included the following: hypotension (systolic arterial blood pressure 

< 90 mm Hg for 3 min or longer); vasopressor use (any vasoactive drug given to 

correct hypotension); and arrhythmias (new onset of atrial fibrillation, sustained ventricular 

tachycardia, supraventricular tachycardia or ventricular fibrillation).

PPCs in the LAS VEGAS study were defined as the unplanned administration of 

supplementary oxygen (PaO2 < 8 kPa or SpO2 < 90%), respiratory failure (PaO2 < 8 kPa 

or SpO2 < 90% despite oxygen therapy) or the need for non-invasive positive pressure 

ventilation, unplanned or prolonged invasive mechanical ventilation, acute respiratory 

distress syndrome (ARDS), pneumonia and pneumothorax developed in the first five 

postoperative days.

Other reported data included patient characteristics, American Society of Anesthesiologists’ 

(ASA) physical status classification, comorbidities, preoperative oxygen saturation, type 

of surgery, (open, laparoscopic or peripheral), condition of surgery, (elective, urgent or 

emergency) and durations of anaesthesia and the surgical procedure.

Statistical analysis

Distribution of variables was tested using the Kolmogorov-Smirnov test. Parametric data 

are reported as mean ± SD or median [IQR], as appropriate. Categorical variables were 

compared using the χ2 or Fisher exact test. The t-test or Wilcoxon rank–sum test was used 

for continuous variables, as appropriate.

Mixed–effect multivariable models were built for LOS (Gaussian distribution) and mortality 

(binomial distribution) including the centres as random effect and using the following 

preoperative variables: age, gender, body mass index (BMI), ASA physical status, 

preoperative SpO2, smoking, chronic obstructive pulmonary disease (COPD), chronic 

kidney disease, heart failure, obstructive sleep apnoea, respiratory infection, laparoscopic 

or not laparoscopic surgery, elective, urgent or emergency surgery, duration of anaesthesia, 

epidural anaesthesia, antibiotic prophylaxis, total fluid during surgery, intraoperative red 

blood cell (RBC) transfusion (yes or no) and presence of anaemia (yes or no). Effects were 

expressed as mean difference and odds ratio (OR) (95% CI) as appropriate.

The time until hospital discharge was compared using Kaplan–Meier curves, and hazard 

ratios with a 95% confidence interval were calculated with (shared–frailty) Cox proportional 

hazard models adjusted for the same covariates described above and with centres as frailty. 

The Schoenfeld residuals against the transformed time were used to test the proportional 

hazard assumptions.

Bulte et al. Page 5

Eur J Anaesthesiol. Author manuscript; available in PMC 2023 January 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To assess consistency of the findings, a covariate balancing propensity score (CBPS) 

matched analysis was performed. A calliper of 0.01 was set to constrain the differences 

between pairs. Similar variables were included for the multivariable models. However, 

in order to match both groups more precisely, additional variables were included in the 

propensity score: Assess Respiratory Risk in Surgical Patients in Catalonia (ARISCAT) risk 

score without anaemia, functional status, cancer and preoperative RBC transfusion.

The effect of anaemia on hospital length of stay in the matched cohort was assessed through 

an unadjusted mixed-effect model. To assess the consistency of the findings, the impact 

of anaemia on hospital length of stay was re-assessed according to different corrections 

by the CBPS, namely: a mixed-effect model including the CBPS as a linear term; a mixed-

effect model including the CBPS as decile categories; an inverse-probability-of-treatment-

weighted mixed-effect linear regression model with the weights equal to 1/CBPS for 

anaemic individuals and 1/(1 – CBPS) for non-anaemic individuals; and a standardised 

mortality ratio-weighted mixed-effect linear regression model with weights of 1 for anaemic 

and CBPS/(1 – CBPS) for non-anaemic individuals.

Finally, one sensitivity analysis was performed to assess the extent to which our results are 

affected by the exclusion of patients with mild anaemia (haemoglobin 11.0 to 11.9 g dl−1 

for women; 11.0 to 12.9 g dl−1 for men). The above-mentioned mixed effect multivariable 

models and CBPS matched analyses were repeated, including also all mildly anaemic men 

and women. Covariates and outcome parameters were similar.

All analyses were performed using R version 3.6.0 (R Foundation for Statistical Computing, 

Vienna, Austria). A P value < .05 was considered statistically significant.

Results

Unmatched cohort

Figure 1 illustrates the flow of included patients. After exclusion of 1600 patients for 

whom there was no preoperative haemoglobin concentration recorded during preoperative 

screening, a total of 8264 patients remained for the final analysis. Baseline and intra-

operative characteristics are shown in Table 1. Preoperative moderate to severe anaemia 

was recorded in 638 patients (7.7%). Baseline characteristics between anaemic and non-

anaemic patients differed importantly. Patients with anaemia were older, and more likely 

to have cancer, chronic kidney disease and heart failure. Anaemic patients underwent 

emergency surgery or non-laparoscopic procedures more often. Anaemic patients had 

epidural anaesthesia in addition to general anaesthesia more frequently, and anaesthesia and 

surgical procedures lasted longer in anaemic patients. Finally, anaemic patients received red 

blood cell (RBC) transfusions more often peri-operatively and larger volumes of intravenous 

fluids during anaesthesia were administered.

Anaemic patients had a longer median length of hospital stay than non-anaemic patients: 9.0 

[6.0 to 12.0] vs. 7.0 [5.0 to 9.0] days, P < 0.001, (Table 2). When corrected for confounding 

variables, preoperative anaemia independently increased length of hospital stay: mean 

difference 1.3 (95% CI 0.8 to 1.8), P < 0.001, (Table 3; see eFigure 1, Supplementary Digital 
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Content, presenting probability of hospital discharge, http://links.lww.com/EJA/A452). Of 

note, RBC transfusion during surgery also increased LOS. There was an interaction between 

the presence of anaemia and transfusion during surgery with a LOS mean difference of 2.3 

(95% CI 1.0 to 3.6) days, (P < 0.001), indicating that transfusion in an anaemic patient 

additionally increased hospital stay.

Anaemic patients had intra-operative AEs more frequently, which included hypotension and 

need for use of vasopressors (Table 2). PPCs also occurred more often in anaemic patients, 

in particular the unplanned administration of supplemental oxygen, respiratory failure with a 

need for mechanical ventilation, and pneumonia.

More in-hospital deaths occurred in anaemic than non-anaemic or mildly anaemic patients 

(Table 2), and the presence of moderate to severe anaemia was an independent risk factor for 

mortality: OR 2.9 (95% CI 1.1 to 7.50), P = 0.029, (Table 4). However, the survival analysis 

did not confirm the association between preoperative anaemia and in-hospital mortality: OR 

2.7 (95% CI 0.9 to 7.7), P = 0.071, (see eFigure 2, Supplementary Digital Content, showing 

probability of survival, http://links.lww.com/EJA/A452).

Propensity score-matched analysis

After matching, 280 moderate or severe anaemia patients and 493 no anaemia or mild 

anaemia patients could be compared. In terms of baseline characteristics, anaemic patients 

had a higher BMI and ASA score, a lower functional status, lower preoperative SpO2, and 

more respiratory infections. Intra-operative characteristics were comparable between groups, 

except for a higher intra-operative rate of transfusion of RBC in anaemic patients (Table 

5). In accordance with the multivariable analysis, preoperative anaemia was associated 

with an increased LOS (Table 6, Fig. 2). In contrast with findings of the unmatched 

analysis, occurrences of intra-operative hypotension, PPCs and in-hospital mortality were 

not different between moderate or severe anaemia and mild or no anaemia patients.

The inclusion of patients with mild anaemia resulted in a total of 1644 patients 

with anaemia vs. 6617 non-anaemic patients (24.8%). The baseline and intra-operative 

characteristics of both groups are presented in eTable 1 (Supplementary Digital Content, 

http://links.lww.com/EJA/A452). Multivariable analysis showed an increase in LOS in 

anaemic patients: mean difference 0.9 (95% CI 0.6 to 1.2) days, P < 0.001, (Table 7; 

see eFigure 3, Supplementary Digital Content, presenting probability of hospital discharge, 

http://links.lww.com/EJA/A452). In contrast with the results of the main analysis, the 

mortality rate was not different between anaemic and non-anaemic patients: OR 1.9 (95% 

CI 0.9 to 4.3) days, P = 0.114, (Table 8; see eFigure 4, Supplementary Digital Content, 

presenting probability of survival, http://links.lww.com/EJA/A452).

In the cohort used for the sensitivity analysis, 900 anaemic patients and 1636 non-anaemic 

patients could be matched. Anaemic patients were older, had a lower BMI, and a higher 

incidence of chronic kidney failure; intraoperative characteristics were comparable (see 

eTable 2, Supplementary Digital Content, http://links.lww.com/EJA/A452). Similar to the 

results in moderate and severe anaemia patients, in this matched cohort preoperative 

anaemia was associated with an increased LOS (Table 8; see eFigure 5, Supplementary 
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Digital Content, presenting probability of hospital discharge, http://links.lww.com/EJA/

A452). In-hospital mortality was not different between all anaemic and non-anaemic 

patients (see eFigure 6, Supplementary Digital Content, presenting probability of survival, 

http://links.lww.com/EJA/A452). Differences between intra-operative AEs and PPCs in the 

unmatched and matched cohort can be found in the Supplementary Digital Content (see 

eTables 3 and 4, http://links.lww.com/EJA/A452).

Discussion

The findings of this post hoc analysis in a large international cohort of patients undergoing 

different types of non-cardiac surgery can be summarised as follows: in unmatched and 

matched analysis, preoperative moderate to severe anaemia was associated with an increased 

length of hospital stay; in an unmatched analysis, preoperative moderate to severe anaemia 

was associated with increased occurrence of intra-operative hypotension, PPCs and in-

hospital mortality, although this was not confirmed in a matched analysis; when the analysis 

included mildly anaemic patients, the association between anaemia and length of hospital 

stay remained, but there was no longer an association with in-hospital mortality.

The strength of this post hoc analysis is that it included data from a large international cohort 

from 146 centres in 29 countries across five continents (LAS VEGAS study).16 Results 

from our analysis therefore represent diverse aetiologies of, and approaches to, preoperative 

patients for non-cardiac surgical procedures. The 1-week design of the LAS VEGAS study 

avoids effects of changes over time as the data were collected within a narrow time window. 

In addition to mixed-effect multivariable models, propensity score-matched analyses were 

used to assess the consistency of the findings.

The number of patients with moderate to severe anaemia in our population was lower than 

in previous reports. In comparison, a European study showed preoperative anaemia in 31.1% 

of men and 26.5% of women.18 More recently, an international study in 27 low-, middle- 

and high-income countries worldwide reported a prevalence of 30.1%.19 The variance can be 

explained partly by the difference in study populations. The LAS VEGAS database included 

relatively young and healthy patients compared with other studies. Also, a different cut-off 

was used for anaemia in the present analysis. For the present analysis, anaemia was defined 

as a haemoglobin concentration <11.0 g dl−1, which includes moderate and severe anaemia 

according to the currently used WHO classification. This cut-off level was chosen because 

it comprises a clinically relevant level of anaemia in both women and men. In a selection of 

other studies, mildly anaemic patients were also included in the cohorts analysed (Hb ≥ 11 

g dl−1 and < 12 g dl−1 in women, Hb ≥ 11 g dl−1 1 and < 13 g dl−1 in men according to 

WHO). The difference in cut-off levels hampers comparison between studies.

In the 1980s, the first report was published on a possible association between preoperative 

haemoglobin concentration and outcomes after surgery.20 The current finding that 

preoperative anaemia is associated with an increased length of hospital stay confirms 

the findings of several previous studies.14,18,19,21 The propensity score-matched analysis 

confirms the association between anaemia and prolonged in-hospital stay, even when 
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different statistical models were used (see eTable 5, Supplementary Digital Content, http://

links.lww.com/EJA/A452).

The association between preoperative moderate to severe anaemia and intra-operative AEs 

or PPCs has been less well studied so far. Similar to the current investigation, anaemia does 

not increase the chance of arrhythmias but the major morbidity rate is higher in anaemic 

patients.22 Studies on adverse cardiac events in anaemic patients showed contrasting results; 

both positive23,24 and negative associations14,19,25 have been found. Specific definitions 

for adverse cardiac events differ among publications, but none include intra-operative 

hypotension or vasopressor use. An association between moderate to severe anaemia and 

PPCs was established previously with the introduction of the ARISCAT risk score for 

PPC.26 Several studies could be identified reporting increased respiratory morbidity in 

patients with preoperative anaemia.24,27,28

The results of the current analysis regarding an association between preoperative moderate 

to severe anaemia and 30-day mortality are not unequivocal. The findings of the 

multivariable model could not be confirmed in the survival or propensity score-matched 

analysis. The absence of a distinct association between preoperative anaemia and mortality 

contrasts with other data. One of the largest studies in non-cardiac surgery showed an 

increased risk of mortality for preoperative haematocrit levels < 39%.9 Others reported 

an increased mortality in their studies in anaemic patients.13,14,23,24,29 In 2015, a meta-

analysis showed that preoperative anaemia is associated with increased 30-day mortality.15 

This meta-analysis was limited by a high level of heterogeneity between studies, due to 

inclusion of both cardiac and non-cardiac studies, use of different definitions of anaemia and 

availability of data. A lack of power, particularly in the CBPS matched analysis could be 

responsible for the difference compared with our findings. Last, but not least, patients in the 

LAS VEGAS cohort were relatively young in age, which might also contribute to finding no 

association.

In the current analysis, patients with moderate and severe anaemia more frequently received 

a RBC transfusion during surgery. Furthermore, if these patients received an intra-operative 

transfusion, LOS was additionally increased. Whether RBC transfusion in anaemic patients 

is actually beneficial was previously studied retrospectively.8,30 Patients at increased cardiac 

risk for non-cardiac surgery were more likely to have preoperative anaemia and receive 

a postoperative transfusion. Interestingly, RBC transfusion lowered mortality only when 

the haemoglobin concentration was below 8.0 g dl−1. Similarly, in major vascular surgery 

patients a liberal peri-operative transfusion regimen in anaemic patients was associated with 

more postoperative adverse events.31 In the present cohort, intra-operative RBC transfusion 

in anaemic patients was negatively associated with the primary outcome, suggesting an 

additional burden for these patients. In order to prevent allogeneic RBC transfusion in 

anaemic surgical patients, several algorithms for evaluation and treatment of preoperative 

anaemia including iron therapy have been published recently.32–34 Also, a tool for prediction 

of peri-operative risk of transfusion was introduced.35 Knowledge about the aetiology of 

anaemia and the peri-operative risk of transfusion may guide individual strategy in anaemic 

patients.
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The focus of this analysis was on patients with the clinically most relevant forms of 

anaemia, that is moderate and severe anaemia. A sensitivity analysis also including patients 

with mild anaemia revealed that the prevalence of preoperative anaemia increased to 24.8%, 

which is more in line with other studies. In this group, the association between the presence 

of anaemia and an increased LOS was confirmed. Interestingly, mortality was no longer 

associated with any form of anaemia, either in the multivariable analysis, or in the matched 

analysis. This may indicate that in-hospital mortality is associated mainly with the most 

severe forms of preoperative anaemia.

This analysis has several limitations. This was a post hoc analysis of the LAS VEGAS 

study, and the results should be interpreted with caution. Haemoglobin values were not 

reported in 16% of the LAS VEGAS population, and removal of these patients from the 

current analyses may have introduced a selection bias. Our propensity score-matched cohort 

was considerably smaller than the original cohort. The number of non-anaemic subjects 

in the original cohort was significantly larger than the number of anaemic patients. As a 

consequence, a large proportion of non-anaemic patients remained unmatched and were 

excluded, leading to a smaller distribution of variables in the matched subpopulation. 

This effect of propensity matching might explain why secondary patient outcomes such 

as hypotension and postoperative pulmonary complications were no longer associated with 

preoperative anaemia. It should be stressed that the design of the LAS VEGAS study 

excludes the possibility of determining cause-effect relationships and does not allow the 

defining of any pathophysiological associations with the outcome measures. Finally, we 

observed that anaemic patients more often had preoperative blood transfusions. The exact 

number and timing of transfusions and whether these transfusions were part of a patient 

blood management programme (PBM) is unknown, as this information was not collected 

in the LAS VEGAS study. Of note, although PBM was mentioned as early as in 2005 and 

adopted by the WHO in 2011, it is not until recently that major reviews and consensus 

statements on implementation of PBM programmes and the effect on outcome have been 

published. Because the data of the present study were collected several years ago, only a 

minority of participating centres had a fully functioning PBM programme at the time of 

collection of data.

In conclusion, in this international non-cardiac surgical cohort, preoperative anaemia as 

defined by haemoglobin concentration < 11.0 g dl−1 was associated with an increased length 

of hospital stay but not with increased occurrences of intra-operative hypotension, number 

of PPCs and in-hospital mortality. Future studies focusing on preoperative optimisation 

of anaemia are necessary to determine whether hospital stay in anaemic patients can be 

improved.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow chart of included patients
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Fig. 2. 
Probability of hospital discharge in matched patients with moderate to severe anaemia and 

patients with mild or no anaemia
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Table 3

Multivariable analysis using hospital length of stay as outcome in unmatched moderate and severe anaemia 

cohort

Mean difference (95%CI) P

Presence of anaemia 1.30 (0.83 to 1.77) <0.001

Transfusion during surgery 0.84 (0.21 to 1.48) 0.009

Age, years 0.17 (0.02 to 0.32) 0.028

Female sex 0.05 (−0.18 to 0.29) 0.656

Body mass index, kg m−2 0.00 (−0.12 to 0.12) 0.982

ASA physical status 0.18 (0.02 to 0.34) 0.028

SpO2 −0.12 (−0.27 to 0.03) 0.125

Smoker −0.22 (−0.49 to 0.06) 0.130

COPD −0.04 (−0.53 to 0.45) 0.880

Chronic kidney failure 0.31 (−0.32 to 0.95) 0.334

Heart failure −0.34 (−0.84 to 0.15) 0.175

Respiratory infection 1.06 (0.49 to 1.63) <0.001

Type of surgery

 Open 1 (Reference)

 Laparoscopic −0.57 (−0.87 to −0.28) <0.001

Condition of surgery

 Elective 1 (Reference)

 Urgency 0.46 (0.02 to 0.90) 0.040

 Emergency 0.67 (-0.15 to 1.49) 0.109

Duration of anaesthesia 0.65 (0.48 to 0.83) <0.001

Epidural anaesthesia 0.98 (0.45 to 1.50) <0.001

Antibiotic prophylaxis 0.39 (0.10 to 0.68) 0.008

Total fluid intake 0.25 (0.08 to 0.42) 0.004

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease. Coefficient of the continuous variables were 
calculated after standardisation. Mixed-effect multivariable model considering centres as random-effects and using a Gaussian distribution.
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Table 4

Multivariable analysis using mortality as outcome in unmatched moderate and severe anaemia cohort

Odds Ratio (95% CI) P

Presence of anaemia 2.88 (1.11 to 7.45) 0.029

Transfusion during surgery 0.62 (0.18 to 2.07) 0.436

Age, years 1.48 (0.89 to 2.48) 0.134

Female sex 0.86 (0.4 to 1.86) 0.707

BMI, kg m−2 0.54 (0.33 to 0.88) 0.014

ASA physical status 2 (1.29 to 3.11) 0.002

SpO2 0.72 (0.54 to 0.97) 0.030

Smoker 0.59 (0.19 to 1.86) 0.371

COPD 0.36 (0.07 to 1.88) 0.228

Chronic kidney failure 0.73 (0.15 to 3.41) 0.686

Heart failure 1.59 (0.58 to 4.36) 0.366

Respiratory infection 1.8 (0.48 to 6.71) 0.382

Type of surgery 1 (Reference)

 Open

 Laparoscopic 0.22 (0.03 to 1.7) 0.146

Condition of surgery 1 (Reference)

  Elective

 Urgency 2.82 (1.11 to 7.14) 0.029

 Emergency 3.08 (0.84 to 11.34) 0.091

Duration of anaesthesia 1.2 (0.84 to 1.73) 0.313

Epidural anaesthesia 0.54 (0.11 to 2.58) 0.442

Antibiotic prophylaxis 0.89 (0.33 to 2.43) 0.824

Total fluid intake 1.31 (1.02 to 1.68) 0.037

Coefficients of the continuous variables were calculated after standardisation. Mixed-effect multivariable model considering centres as random 
effects. ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Table 7

Multivariable analysis using hospital length of stay as outcome in unmatched cohort (sensitivity analysis)

Mean difference (95% CI) P

Presence of anaemia 0.88 (0.56 to 1.19) <0.001

Transfusion during surgery 0.95 (0.32 to 1.58) 0.003

Age, years 0.16 (0.01 to 0.31) 0.036

Female gender 0.07 (−0.16 to 0.31) 0.537

Body mass index, kg m−2 0.01 (−0.11 to 0.13) 0.819

ASA 0.17 (0.01 to 0.33) 0.033

SpO2 − 0.11 (−0.25 to 0.03) 0.118

Smoker − 0.20 (−0.47 to 0.08) 0.168

COPD − 0.05 (−0.55 to 0.44) 0.830

Chronic kidney failure 0.24 (−0.39 to 0.88) 0.453

Heart failure − 0.38 (−0.88 to 0.11) 0.129

Respiratory infection 1.07 (0.50 to 1.64) <0.001

Type of surgery

 Open 1 (Reference)

 Laparoscopic − 0.58 (−0.87 to −0.28) <0.001

Condition of surgery

 Elective 1 (Reference)

 Urgency 0.41 (−0.04 to 0.85) 0.071

 Emergency 0.65 (−0.18 to 1.47) 0.123

Duration of anaesthesia 0.63 (0.46 to 0.80) <0.001

Epidural anaesthesia 0.95 (0.42 to 1.47) <0.001

Antibiotic prophylaxis 0.38 (0.09 to 0.67) 0.010

Total fluid intake 0.25 (0.08 to 0.42) 0.004

Coefficients of the continuous variables were calculated after standardisation. Mixed-effect multivariable model considering centres as random 
effects and using a Gaussian distribution. ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.
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Table 8

Multivariable analysis using mortality as outcome in unmatched cohort (sensitivity analysis)

Odds Ratio (95% CI) P

Presence of anaemia 1.92 (0.85 to 4.32) 0.114

Transfusion during surgery 0.74 (0.24 to 2.29) 0.606

Age, years 1.36 (0.81 to 2.28) 0.240

Female gender 0.91 (0.43 to 1.96) 0.817

Body mass index, kg m−2 0.58 (0.36 to 0.94) 0.026

ASA 2.06 (1.34 to 3.18) 0.001

SpO2 0.74 (0.57 to 0.96) 0.021

Smoker 0.61 (0.19 to 1.89) 0.388

COPD 0.35 (0.07 to 1.76) 0.203

Chronic kidney failure 0.67 (0.15 to 3.05) 0.601

Heart failure 1.63 (0.57 to 4.66) 0.366

Respiratory infection 1.78 (0.48 to 6.65) 0.391

Type of surgery

 Open 1 (Reference)

 Laparoscopic 0.19 (0.02 to 1.64) 0.132

Condition of surgery

 Elective 1 (Reference)

 Urgency 2.53 (1.02 to 6.27) 0.046

 Emergency 2.85 (0.76 to 10.68) 0.120

Duration of anaesthesia 1.13 (0.79 to 1.61) 0.502

Epidural anaesthesia 0.51 (0.11 to 2.46) 0.404

Antibiotic prophylaxis 0.85 (0.32 to 2.25) 0.743

Total fluid intake 1.31 (1.02 to 1.68) 0.032

Coefficients of the continuous variables were calculated after standardisation. Mixed-effect multivariable model considering centres as random-
effects. ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.
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