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Editor’s key points

Fibromyalgia has features
that may increase
perioperative risk.

This retrospective review
could not identify an
association between
fibromyalgia and major
complications.

There was an unexpected
reduction in mortality in
those with fibromyalgia.

A diagnosis of
fibromyalgia may lead to
treatmentsthat otherwise
reduce perioperative risk,
but an alternative
explanation is
unmeasured or residual
confounding.

Background. Fibromyalgia, the classic non-inflammatory pain syndrome, has been associated
with chronic inflammatory makers which are linked with increased morbidity and mortality.
We tested the primary hypothesis that patients with fibromyalgia undergoing hospital
procedures have a high risk of cardiovascular complications. Our secondary goals were to
evaluate the association of fibromyalgia with: (i) in-hospital thromboembolic events, (ii) in-
hospital mortality, and (iii) in-hospital microvascular complications.

Methods. We obtained 21.78 million discharge records from 2009 to 2010 from the US Agency
for Healthcare Research and Quality censuses across the seven states. We matched
fibromyalgia records and compared records with controls based on age, gender, state of
discharge, principal procedure, and a propensity score developed from the set of diagnosis-
related predictors. A multivariable logistic regression was used to compare matched
fibromyalgia patients and controls on the primary and secondary outcomes.

Results. We matched 89 589 pairs for a total sample size of 179 178 discharge records. The
adjusted odds ratio for in-hospital cardiovascular complications was 1.04 [99% confidence
interval (CI): 0.90-1.19, P=0.51], for thromboembolic events was 1.03 (99% CI: 0.93-1.15,
P=0.46), for in-hospital mortality was 0.81 (99% CI: 0.73-0.89, P<0.001), and for
microvascular complications was 0.96 (99% CI: 0.88, 1.04, P=0.18). Two separate sensitivity
analyses produced results similar to that of the primary analysis for all three complication
outcomes.

Conclusions. We found no evidence that the diagnosis of fibromyalgia increased the risk of in-
hospital complications. Fibromyalgia seems to be associated with a reduction in in-hospital
mortality, but this requires confirmation with a large prospective controlled study.
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Fibromyalgia is a debilitating pain syndrome characterized by
widespread generalized pain, affecting 2% of the US popula-
tion and more than 3% of women totalling to ~5 million
adult cases.! Although the term fibromyalgia was first intro-
duced in 1976, the condition is not new. Clinical manifesta-
tions of muscular pain were recognized as early as 1592, and
identified by the term muscular rheumatism; there have
since been numerous refinements in nomenclature as our
understanding of this entity evolved.’

Fibromyalgia is classically described as a non-inflammatory
pain syndrome, but increased concentrations of inflammatory
markersincluding C-reactive protein,* interleukin-10, interleukin-8,
and tumour necrosis factor-o> challenge this notion. Chronic in-
flammation, even at low levels, is associated with heart disease.®
Autonomic dysfunctionis common in patients with fibromyalgia,’
and includes postural orthostatic tachycardia syndrome® and
abnormal heart rate responses during and after exercise.’

Moreover, impaired baroreceptor reflexes in fibromyalgia reduce
responsiveness to changes in arterial pressure.'° During episodes
of acute stress, hypotension and hypertension may remain
unchecked, either of which may lead to cardiac ischaemia by
decreased coronary perfusion.

Chronic autonomic dysfunction, including poor cardiac rate
control,” " is associated with increased risk of coronary artery
disease possibly mediated by endothelial dysfunction.'? **
There is evidence to suggest increased arterial wall stiffness
and endothelial dysfunction in patients with fibromyalgia,
leading to impaired endothelium-mediated vasodilation,
thus compromising blood flow.** ' Endothelial dysfunction,
aside from being a risk for cardiac disease, is also linked to
thromboembolic events. Itis thus not surprising that hyperten-
sion, dyslipidaemia, and coronary atherosclerosis are highly
associated with fibromyalgia.’® *” Autonomic nervous system
hyperactivity and impaired endothelial functions as seen in
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Fibromyalgia and perioperative outcomes

fibromyalgia may also be associated with end-organ damage
to sensitive organs such as the kidney.'® This concept is
supported by a study that noted microvascular changes
and decreased functioning of the smaller vessels in patients
with fibromyalgia.*?

There are common underlying processes between fibro-
myalgia and myocardial infarction, thromboembolic events,
impaired microcirculation, all of which can lead to increased
mortality, but the clinical relationships have yet to be evalu-
ated. Myocardial infarction risk appears to be increased in
patients with various rheumatological diseases, notably sys-
temic lupus erythematosus, which shares clinical features
with fibromyalgia.?® However, the association between fib-
romyalgia and cardiovascular complications has yet to be
established.

Our primary goal was thus to evaluate the association
between fibromyalgia and cardiovascular complications in
the perioperative period. Specifically, we tested the primary
hypothesis that patients with fibromyalgia have a higher risk
of postoperative myocardial infarctions. Our secondary goals
were to evaluate the association of fibromyalgia with: (i) in-hospital
thromboembolic events characterized by deep vein thrombosis,
pulmonary embolism, pulmonary infarction, transient ischae-
mic attack, and stroke; (ii) in-hospital mortality; and (jii)
microvascular complications characterized by impaired renal
function and impaired wound healing.

Methods

Under authorization by the US Agency for Healthcare Research
and Quality, censuses of inpatient hospital discharge data
across the following seven states were obtained: Arizona, Cali-
fornia, Florida, Iowa, Maryland, Michigan, and New Jersey.21 A
total of 21.78 million discharge records from 2009 to 2010
were reviewed. Discharge data included basic patient charac-
teristics such as age and gender, diagnosis codes with
present-on-admission (POA) indicators, and procedure codes.
All diagnosis and procedure codes were based on the In-
ternational Classification of Diseases and Injuries, Version 9,
Clinical Modification coding system.

We excluded medical visits (as defined by zero procedures
performed) and visits associated with patients aged <40 yr.
Fibromyalgia was identified using the POA diagnosis code
729.1 (myalgia and myositis, unspecified). We considered
year of discharge, state of discharge, gender, age, principal
procedure code, and all POA diagnosis codes (excluding that
specified above for fibromyalgia) as potential confounding
variables.

Diagnosis and procedure codes are hierarchical in nature.
Each diagnosis code is represented by a maximum of five
digits and each procedure code is represented by a maximum
of four digits. Truncating trailing digits thus resultsin an aggrega-
tion of detailed diagnoses (or procedures) to a more general
diagnosis (or procedure) class. For example, the diagnosis code
550.03 represents bilateral recurrent inguinal hernia with gan-
grene, while 550.0 represents allinguinal hernias with gangrene
(unilateral, bilateral, or unspecified), and 550 represents all

inguinal hernias. Five-digit diagnosis codes are thus more
sparsely represented than three-digit codes—some to the
extent that they can potentially introduce stability issues relat-
ing to small cell sizes during estimation of regression models.
Therefore, in encoding baseline diagnosis-related predictors
for analysis, we aggregated POA diagnoses if they were repre-
sented by fewer than 50000 patients (which represented
0.56% of the patients meeting study inclusion criteria).
Coupled with an assumed fibromyalgia incidence of ~1%, this
implied a minimum cell size of about 500 discharges for any
predictor in our propensity model. Diagnoses not meeting
the minimum cell size criterion were truncated down to a
minimum of three digits, and three-digit diagnosis codes still
not meeting the criterion were removed. Likewise, patients’
primary procedures were aggregated from four digits to a
minimum of two digits.

Cardiovascular, thromboembolic, and microcirculatory com-
plication outcomes were encoded from the diagnosis codes
not recorded as POA. In-hospital mortality was available as a
binary indicator variable in the discharge record. Neither mor-
tality nor any of the complication outcomes were mutually
exclusive; therefore, a record may have more than one out-
come. However, multiple eventsin the same outcome category
would only result in one outcome.

Statistical analysis

We matched fibromyalgia discharges to a single control
discharge before modelling. Matches were based on age,
gender, state of discharge, (aggregated) principal procedure,
and a propensity score developed from the set of aggregated
POA diagnosis-related predictors. Propensity scores (i.e. the esti-
mated probability of having fibromyalgia based on patients’
other POA diagnoses) were estimated using elastic net logistic
regression.”” **

Elastic net logistic regression is a ‘shrinkage’ methodology,
wherein the overall size of fitted model coefficients is purposely
biased towards zero in order to maximize predictive accuracyin
external samples. In short, coefficients pertaining to highly
correlated diagnoses tend to be averaged together, while coef-
ficients pertaining to irrelevant diagnoses are ‘shrunk’ entirely
to zero, effectively removing the diagnosis from the model al-
together. The R statistical software (The R Foundation for Stat-
istical Computing, Vienna, Austria) package ‘glmnet’ was used
tofitthe propensity model from the aggregated POA diagnosis-
related predictors.?*

Successful matched pairs were restricted to those with
common gender, common state of discharge, common princi-
pal procedure, a difference in age of <5 yr, and a difference in
diagnosis-based propensity score of <0.01. We used a greedy
distance-based algorithm for the matching;?” that is, observa-
tions were randomly ordered and for each successive fibro-
myalgia discharge in the data set, the nearest qualifying
discharge without fibromyalgia according to age and propen-
sity score was selected as the matched control.

After matching, the balance between fibromyalgia and
normal controls on the aforementioned baseline variables
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(including all diagnosis-related predictors) was assessed using
standard univariable summary statistics (means and standard
deviations, medians and quartiles, or proportions, as appropri-
ate) and standardized difference scores (defined as the differ-
ence in means, mean rankings, or proportions divided by a
combined estimate of standard deviation). Any baseline vari-
able exhibiting a standardized difference score >0.05 in abso-
lute value was used for adjustment within our final models
comparing matched patients on outcomes.

For the final models, multivariable logistic regression was
used to compare matched fibromyalgia patients and controls
on risk of in-hospital cardiovascular complications, thrombo-
embolic complications, microcirculatory complications, and
mortality (after adjustment for any imbalanced baseline vari-
ables according to the definition above). Adjusted odds ratios
(ORs) and 99% confidence intervals (CIs) for each outcome
were derived from these models. Respective hypotheses of
independent association between fibromyalgia and each
outcome were evaluated using model-based Wald tests with
type I error rate (a) fixed at 0.01.

To evaluate the dependence of the observed relationship on
diagnoses, we conducted post hoc sensitivity analyses. We uti-
lized a smaller absolute standardized difference criterion of
0.02 in order to include more variables for adjustment. An add-
itional sensitivity analysis was performed that excluded all
baseline diagnoses (but did adjust for state of admission,
gender, age, and procedure) using all 8.33 million discharge
records.

Results

Of the 21.78 million discharges included in the statewide cen-
suses, 8.33 million met study inclusion criteria (Fig. 1). There
were a total of 82.94 million POA diagnosis codes in the data
set, for an average of 10.0 per discharge [median (quartiles)
number of diagnoses: 7 (3, 11)]. Overall, 99 075 discharges
(1.19%) contained a POA diagnosis code for fibromyalgia. By
gender, this incidence was estimated at 10 026/3.92 million
(0.26%) for males and at 88 970/4.38 million (2.03%) for
females. Among patients discharged in 2009, the incidence
was 46 964/4.16 million (1.13%), while in 2010, it was 52 111/
4.18 million (1.25%). State-level discharge summaries are
given in Table 1.

Aggregation of the POA diagnosis codes resulted in 466
distinct diagnosis-related covariates (each with >50 000 dis-
charges represented). Among the 82.94 million total POA diag-
nosis codes, 75.06 million (90.5%) were successfully mapped.
The propensity score model based on these diagnosis-related
covariates discriminated between normal and fibromyalgia
discharges moderately well, with a C-statistic (area under the
receiver operating characteristic curve) of 0.83.

Before matching, 32 028 discharges (0.38%) were removed
due to lack of gender information (79 of which had a POA fibro-
myalgia code). The matching procedure yielded successful
controls for 89 614 of the remaining 98 996 fibromyalgia dis-
charges (90.5%). Twenty-five matched pairs had at least one
discharge with missing data on in-hospital mortality; these
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were removed from further consideration and therefore our
final matched sample contained 89 589 matched pairs (i.e. a
total sample size of n=179178). Balance was excellent
on all preoperative variables (Table 2 and Supplementary
Appendix)—only two of the 466 diagnosis-related predictors
(600.00 hyperplasia of prostate and 427.31 atrial fibrillation)
and none of the other preoperative characteristics displayed
a standardized difference score of >0.05 between the groups.

Seven hundred and one (0.78%) of the matched fibromyal-
gia discharges and 669 (0.75%) of the matched controls had
associated in-hospital cardiovascular complications (Table 3).
Based on the multivariable logistic regression model for this
outcome, the adjusted OR was 1.04 (99% CI: 0.90, 1.19),
which was not statistically significant (P=0.51, Wald’s test).

For the secondary outcomes, we found no difference in the
odds of in-hospital thromboembolic complications [adjusted
OR 1.03 (0.93, 1.15); P=0.46] or in the odds of in-hospital micro-
circulatory complications [OR 0.96 (0.88, 1.04); P=0.18]. On the
other hand, fibromyalgia was associated with reduced risk of
in-hospital mortality. Mortality was recorded for 1200 (1.34%)
of the matched fibromyalgia discharges and 1446 (1.61%) of
the controls. The adjusted OR was 0.81 (0.73, 0.89), which was
statistically significant (P<0.001).

Our first sensitivity analysis—which used a smaller absolute
standardized difference cut-off of 0.02 for deciding which
baseline variables were included for adjustment in our multi-
variable models—identified 50 baseline covariates. Adjusting
for these variables, results were nearly identical to those
obtained in our primary analysis. For instance, adjusted OR
estimates for cardiovascular complications and mortality
were 1.02 (0.89, 1.18) and 0.81 (0.73, 0.90), respectively.

Our second sensitivity analysis—which used all 8.33 million
patients and did not adjust for other diagnoses—produced
results that were largely similar to that of the primary analysis
for all three complication outcomes (Table 4). For mortality,
the adjusted OR estimate was 0.56 (0.52, 0.61), which was
lower than the adjusted OR obtained in the primary matched
analysis.

Discussion

In contrast to our expectations, the incidence of postoperative
myocardial infarction and other cardiovascular events in fibro-
myalgia patients was similar to other patients. This result is sur-
prising given a previous study which found that the physical
health status of fibromyalgia patients was worse than patients
with a history of hypertension, acute myocardial infarction,
diabetes, or congestive heart failure.”® Furthermore, a previous
prospective cohort study in the non-operative period found a
trend towards increased cardiac deaths in 761 widespread
chronic pain patients, although it did not reach significance.?’
Our study of 89 589 fibromyalgia patients in the perioperative
period still failed to show an increase in cardiovascular events.

There was also no statistically significant difference in
thromboembolic events in patients with and without fibro-
myalgia. Lack of increased thromboembolic events may be
due to the fact that patients with and without fibromyalgia
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21.78 million inpatient discharge records from seven states over the years 2009—10
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Fig 1 Study flow diagram.
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Table 1 Summary of discharges meeting study inclusion/exclusion criteria by state of discharge

State Met inclusion criteria (n) Sample (%) Diagnosis of fibromyalgia [n (%)] Fibromyalgia population (%)
Arizona 585893 7.0 10619 (1.8) 10.7
California 2886641 34.6 30238 (1.0) 30.5
Florida 2014279 24.2 25601 (1.3) 25.8
Iowa 259268 31 3889 (1.5) 39
Maryland 593418 71 7135(1.2) 7.2
Michigan 1071634 12.9 15137 (1.4) 153
New Jersey 922330 11.1 6456 (0.7) 6.5
Total 8333463 100.0 99075 (1.2) 100.0

were matched for potential confounders including a history of
coronary angioplasty and cardiac bypass—both of which are of
vascularorigin and mediators of thrombosis. To the extent that
thromboembolic events are co-linear (i.e. occur in the same
patients) with vascular diseases, a true increase in thrombo-
embolic events in fibromyalgia patients may have been
‘adjusted away’ in our multivariable analysis.

Another surprising result is that mortality was significantly
lower, by 19%, in patients with the diagnosis of fibromyalgia.
This perioperative result contrasts with a previous study
which reported comparable long-term mortality in fibromyal-
gia patients, but increased death from accident or suicide
(neither of which contributed in our postoperative patients).?’
A potential explanation is that patients with fibromyalgia are
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Table 2 Balance of select preoperative characteristics among matched fibromyalgia and control discharges. A complete listing of all 466 baseline
diagnosis-related characteristics is provided in the Supplementary Appendix. *ASD, absolute standardized difference score. The ASD is equal to the
difference in means, mean rankings, or proportions divided by a combined estimate of standard deviation. Any baseline variable exhibiting a
standardized difference score >0.05 in the absolute value was used for adjustment within our final models comparing matched patients on

outcomes

Control (=89 589) Fibromyalgia (n=89 589) ASD*

Patient characteristic and surgical characteristics

Surgery in 2010 (vs 2009) 51.28 52.32 0.021
Age (yr) 61 (40-100) 61 (40-100) 0.021
Female gender 89.8 89.8 0.000
State

Arizona 10.3 10.3 0.000
California 31.4 314

Florida 26.2 26.2

Iowa 3.7 3.7

Maryland 6.9 6.9

Michigan 15.1 15.1

New Jersey 6.3 6.3

Top 15 diagnosis-related characteristics (ordered by descending ASD)

600.00 Hypertrophy of prostate without urinary obstruction and other lower 0.5 1.0 0.062
urinary tract symptoms (LUTS), benign

427.31 Atrial fibrillation 6.0 7.3 0.051
338.29 Chronic pain, other 2.6 1.9 0.047
338.4 Chronic pain syndrome 4.5 5.5 0.046
414.01 Coronary atherosclerosis, native coronary artery 14.2 15.8 0.045
V45.81 Aortocoronary bypass, status post 2.3 2.9 0.042
414.00 Coronary atherosclerosis, unspecified type of vessel, native or graft 2.8 3.5 0.041
244.9 Hypothyroidism, unspecified 22.1 20.4 0.041
493,90 Asthma, without status asthmaticus 11.0 9.8 0.040
715.90 Osteoarthrosis, unspecified 10.0 11.1 0.038
V45.82 Percutaneous transluminal coronary angioplasty, status post 4.1 4.9 0.036
278.01 Morbid obesity 10.1 9.1 0.034
V88.01 Acquired absence of both the cervix and uterus 3.4 2.8 0.032
274.9 Gout, unspecified 1.3 1.7 0.031
278.00 Obesity, unspecified 12.4 11.4 0.030

disproportionately given protective treatments that reduce
mortality,?® including statins and antihypertensive medica-
tions, and perhaps life-style modifications. An alternative ex-
planation is that fibromyalgia, restricted to the subgroup
population in the perioperative period, induces a collider con-
ditioning effect resulting in a protective association through
selection bias.”’

Another potential explanation is that our retrospective ana-
lysis depends critically on diagnostic billing codes because we
matched patients with and without fibromyalgia for concur-
rent conditions. A potential difficulty is that fibromyalgia is dif-
ficult to diagnose; for example, the average time from initial
physician presentation to diagnosis was 2.3 yr after seeing
over three separate physicians.>° When disability is involved,
it takes an average of 4 yr and visits to six different physicians
to establish the diagnosis.>’ Furthermore, patients with the
condition require considerable medical care. Both factors
augment the chances of these patients carrying many diagno-
ses, and therefore many diagnostic codes.
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The consequence is that patients with fibromyalgia may
carry more diagnostic codes than comparably sick patients
without fibromyalgia. This means that after propensity match-
ing (which is largely based on diagnostic codes), fibromyalgia
patients identified as being at comparable risk may actually
be healthier. That healthier patients have reduced mortality
isnatural,and would resultin an apparent (but false) protective
effect of fibromyalgia.

To address this concern, we conducted an important sensi-
tivity analysis which did not adjust for comorbidities, thus
removing the possible influence of over-diagnosis leading
to decreased mortality. The result of this analysis indicated
an even stronger association between fibromyalgia and de-
creased mortality, the opposite of what would be expected if
the outcome was attributed to the directional bias of over-
diagnosis. Over-diagnosis of potential confounding diagnoses
thus does not explain our results.

There was a change in the diagnostic criteria for fibromyal-
giain 2010%2 and our sample epoch, 2009 -2010, included part
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Table 3 Summary of outcomes among n=179 178 matched discharges (89 589 in each group). *ORs adjusted for hyperplasia of prostate (600.00)
and atrialfibrillation (427.31); 'The Type I error rate (alpha) for all tests and confidence intervals (CIs) was 0.01. All other baseline variables exhibited

a standardized difference score <0.05 in absolute value after matching

Control Fibromyalgia Adjusted OR P-value®
[n (%)] [n (%)] (99% CI)»*

Cardiovascular outcomes

997.1 Cardiac arrest/insufficiency during or resulting from a procedure 344 (0.38) 351 (0.39)

411.81 Acute coronary occlusion without myocardial infarction 4 (0) 2 (0)

518.4 Pulmonary oedema, postoperative 49 (0.05) 65 (0.07)

410 Myocardial infarction 319 (0.36) 324 (0.36)

Any of the above cardiovascular complications 669 (0.75) 701 (0.78) 1.04 (0.90, 1.19) 0.51
Thromboembolic outcomes

453.4 Venous embolism and thrombosis of unspecified deep vessels 211 (0.24) 191 (0.21)

of lower extremity

451.83 Venous embolism and thrombosis of unspecified deep vessels 2(0) 4 (0)

of upper extremities

453 Other venous embolism and thrombosis 443 (0.49) 423 (0.47)

V12.51 Pulmonary embolism 294 (0.33) 376 (0.42)

415.1 Pulmonary embolism and infarction 185 (0.21) 166 (0.19)

997.02 Postoperative stroke 44 (0.05) 47 (0.05)

435 Temporary ischaemic attack 45 (0.05) 41 (0.05)

434 Occlusion of cerebral arteries 168 (0.19) 156 (0.17)

997.2 Phlebitis or thrombophlebitis during or resulting from a procedure 77 (0.09) 70 (0.08)

997.7 Vascular complication of surgical and medical care 11 (0.01) 14 (0.02)

Any of the above thromboembolic complications 1130 (1.26) 1178 (1.31) 1.03 (0.93, 1.15) 0.46
Microcirculatory outcomes

998.3 Dehiscence of operation wound 139 (0.16) 90 (0.1)

997.5 Renal insufficiency/failure (acute) specified as due to procedure 216 (0.24) 204 (0.23)

584.9 Acute kidney injury 1484 (1.66) 1482 (1.65)

593.9 Acute renal disease 209 (0.23) 189 (0.21)

Any of the above microcirculatory complications 1976 (2.21) 1923 (2.15) 0.96 (0.88, 1.04) 0.18
In-hospital mortality 1446 (1.61) 1200 (1.34) 0.81(0.73, 0.89) <0.001

Table 4 Summary of outcomes among n=8.33 million patients
not adjusted for other diagnoses

Adjusted OR (99% CI) P-value
Cardiovascular outcomes 0.91 (0.82,0.99) 0.006
Thromboembolic outcomes 0.99 (0.92, 1.07) 0.74
Microcirculatory outcomes 0.93 (0.88,0.98) 0.001
In-hospital mortality 0.56 (0.52,0.61) <0.001

of this transition. The new diagnostic criteria extend beyond
multiple pain locations and incorporate cognitive and
somatic symptoms. Our propensity-matched analysisincluded
year of surgery, but we do not know the extent to which each
criterion was applied to individual patients. As in any retro-
spective analysis, a major concern is that unknown—and
therefore unadjusted—factors could substantively influence
our conclusions.

Our study is limited by the data elements available in the
large data set. The methods of anaesthesia were not available,
nor were intraoperative variables, which limit our ability to

properly adjust for them. General anaesthesia, blood loss, ar-
terial pressure, heart rate, administered medications, among
other unreported factors, possibly could have profoundly
impacted the results of this study. Diagnosis codes were di-
chotomous variables; therefore, we can only adjust for the
presence of a disease, but not the severity. Confounding may
have also influenced the results; for instance, patients with
fibromyalgia may have received more opioids masking the
signs of myocardial infarction and decreasing its detection.

Our study is strengthened by the inclusion of more than
89 000 matched pairs across seven states broadly representing
the US population. We used a novel approach in adjusting for
patient’s diagnoses, namely deriving aggregated diagnosis-
related predictors based on a minimum cell size criterion and
developing a diagnosis-based propensity score for fibromyal-
gia, resulting in a comprehensive diagnosis adjustment. We
adjusted for confounding variables by strictly matching on
procedure, gender, state of discharge, age (to within 5 yr),
and concurrent diagnoses.

Some might argue that fibromyalgia is a controversial
construct given its continual evolution, and that the full
scope and implications of the syndrome have yet to be
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elucidated. Nonetheless, we found no evidence that the diag-
nosis of fibromyalgia increased the risk of in-hospital complica-
tions and, surprisingly, fibromyalgia may be associated with
a reduction in in-hospital mortality. The decreased mortal-
ity in our hypothesis generating study should be confirmed
by further investigations.

Supplementary material

Supplementary material is available at British Journal of
Anaesthesia online.
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