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Abstract

Purpose Although inequality between males and females
in cardiovascular surgery is well recognized, few studies
have examined the influence of sex on mortality following
non-cardiovascular surgery. The objective of the study was
to determine whether there are differences in mortality
between males and females following non-cardiovascular
surgery and to ascertain to what extent preoperative risk
factors explain these differences.

Methods This was an observational study of 39,433
consecutive non-cardiovascular inpatient surgical cases
from non-sex-biased surgical services from 2003 to 2009.
Data on the surgical procedure, patient risk factors, and
outcomes was retrieved from the institutional Electronic
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Data Warehouse. The primary outcome was in-hospital
mortality within 30 days of surgery. Multivariate analysis
using logistic regression was conducted to determine the
role of risk factors for mortality.

Results The 30-day mortality was 2.76% for males and
1.89% for females (odds ratio, 1.47; 95% confidence
interval [CI], 1.29 to 1.69). Logistic regression showed
that age, number of Charlson comorbidities, American
Society of Anesthesiologists (ASA) classification, and
emergent/urgent status were independent predictors of
mortality (receiver operating characteristic area, 0.90).
After adjustment for these factors, the odds ratio for male
mortality was reduced to 1.31 (95% CI, 1.14 to 1.52).
Conclusion Males present for non-cardiovascular sur-
gery with a higher ASA classification,
comorbidities, and more often emergently than females,
providing a partial explanation of the observed difference
in mortality.

with more

Résumé

Objectif Alors que les inegalites entre hommes et femmes
sont bien connues dans le domaine de la chirurgie
cardiovasculaire, peu d’ctudes se sont interessees d la
mortalite” apres chirurgie non cardiovasculaire. L’ objectif
de ’etude etait de determiner s’il y avait des differences en
termes de mortalite” entre les hommes et les femmes apres
chirurgie non cardiovasculaire et de definir dans quelle
mesure les facteurs de risque preoperatoires expliquaient
d’éventuelles differences.

Méthodes 1l s’agit d’une etude observationnelle incluant
39 433 patients consecutifs, hospitalises dans des services
de chirurgie non cardiovasculaires offrant des interventions
pour les deux sexes, entre 2003 et 2009. Les donnees
concernant lintervention chirurgicale, les facteurs de
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risque des patients et I’évolution ont ete extraits du depot de
donnees electroniques des etablissements. Le critere
d’évaluation principal etait
d’hospitalisation dans les 30 jours suivant la chirurgie.
Une analyse multifactorielle a ete’ menee au moyen d’un
modele de regression logistique pour determiner le rdle des
facteurs de risque sur la mortalite.

Résultats La mortalite’ d 30 jours a et de 2,76 % pour
les hommes et de 1,89 % pour les femmes (rapport de
cotes: 1,47, intervalle de confiance a 95 % [IC]: 1,29 a
1,69). Le modele de regression logistique a montre que I’ dge,
le nombre de comorbidites de Charlson, la classification de
I’American Society of Anesthesiologists (ASA) ainsi que le
statut d’urgence ou de secours etaient des facteurs predictifs
de mortalite’ (surface sous la courbe ROC [receiver
operating characteristic]: 0,90). Apres ajustement pour ces
facteurs, le rapport de cotes pour la mortalite masculine a ete’
abaissé’a 1,31 (IC a 95 %: 1,14 a 1,52).

Conclusion Les hommes se presentent pour une chirurgie
non cardiovasculaire avec une classification ASA plus
elevee, davantage de comorbidites et plus souvent en
urgence que les femmes, ce qui peut expliquer partiellement
la difference de mortalite’ observee dans [’etude.

la mortalite’ en cours

Differences between males and females in postoperative
outcomes following cardiovascular surgery have been well
documented. Several studies have shown increased rates of
mortality and complications among females undergoing
cardiac revascularization compared with their male coun-
terparts.'> Many hypotheses have been offered to explain
these discrepancies between the sexes in cardiac surgery.
For instance, some studies have suggested females are
more likely to be referred for cardiac revascularization
procedures at a later stage of disease compared with males,
thus increasing the risk of postoperative complications.’
Others have suggested that differences in female physiol-
ogy, specifically smaller coronary vessel size and body
surface area, contribute to observed differences in mortal-
ity.*> Such discrepancies between the sexes in non-
cardiovascular surgery have not been well explored.
Although there is considerable research examining
predictors of postoperative mortality following specific
non-cardiac surgical procedures, in many of these studies,
sex has typically been used as a variable in statistical
models in order to adjust for other outcomes. Moreover,
studies reporting inequalities between the sexes in outcome
among patients undergoing non-cardiovascular surgery
have been largely limited to specific surgical procedures.
For instance, an association has been found between males
and an increase in postoperative mortality in pulmonary
resection and hip replacement.®® Males have also been
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associated with other adverse outcomes following non-
cardiovascular surgery, such as increased intensive care
unit (ICU) admissions and rates of sepsis.” In a study of
surgical ICU patients, males were shown to have a poorer
prognosis compared with females.'® Similarly, Schroder
et al. (1998) found the risk of hospital mortality was more
than 2.5 times greater among males than among females in
a cohort of matched male and female surgical sepsis
patients.'" In a ten-year series, Boersma ef al. examined
mortality differences between males and females across all
categories of non-cardiac surgery, and in 2005, they
reported an increased risk of male mortality (2.2% in males
vs 1.3% in females).'* Although this study was a validation
of the Lee cardiac risk index, Boersma did not analyze the
preoperative risk factors by sex.

The purpose of this study was to examine differences
between the sexes in postoperative mortality following non-
cardiovascular surgery and to determine whether there are
differences in preoperative risk factors that might help to
explain any discrepancies between the sexes that were
observed.

Methods

The study included consecutive patients who underwent
non-cardiovascular inpatient surgery from January 2003 to
December 2009 at the University Health Network. A full
range of adult surgical procedures (with the exception of
trauma and labour and delivery) is performed at the
University Health Network, which is a quaternary-care
teaching hospital affiliated with the University of Toronto
(Toronto, ON, Canada). The primary outcome of the study
was 30-day in-hospital mortality. For patients who had
more than one surgical procedure in the same visit, the first
surgery was considered the index surgery.

Data were extracted from the institutional Electronic
Data Warehouse (EDW), which contained information on
the surgical procedure, patient demographics, results of
laboratory tests, medications administered in hospital,
International Classification of Diseases 10™ revision (ICD-
10) codes, and patient outcomes. The ICD-10 codes were
used to determine the number of Charlson Comorbidities
(CC) for each patient using the method developed by Quan
et al."® Information from the EDW allowed us to determine
the surgical service performing the procedure, whether the
surgical procedure was emergent/urgent (EU) in nature,
whether the patient died in hospital within 30 days of
surgery, and the age, sex, and American Society of Anes-
thesiologists (ASA) physical status classification of the
patient. The data from the EDW is fed electronically from
various clinical systems in the hospitals. As with any data-
base, there is the potential for errors in data entry; however,
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these errors would be distributed randomly between males
and females. A validation of data from the EDW compared
with the patient charts showed an error rate of less than 2%.

The inclusion criteria for this study were all surgical
procedures performed from January 1, 2003 to December
31, 2009 (159,459 procedures). Day surgeries (65,619
procedures) were excluded as they are very low risk. For
patients who had multiple surgical procedures during the
same visit, only the first surgery in the visit (87,857 pro-
cedures) was considered the index procedure for the
analysis. Cardiac and vascular procedures (19,020 proce-
dures) were excluded as they have well-known but poorly
understood differences between the sexes in incidence and
outcome, leaving 68,837 procedures. For patients with
surgery in multiple visits over the seven-year period
(11,376 procedures), only the last surgery was retained.
Cadaveric organ donors (100 patients) were excluded as
they were brain-dead at the time of surgery. Transplant
procedures (1,940 patients) were excluded as they have
unique risk factors that distinguish them from other non-
cardiovascular procedures. Sex-biased surgical services
were excluded; therefore, urology, surgical oncology, and
gynecology procedures (13,651 patients) were excluded.
Urology procedures are primarily male; surgical oncology
procedures are mostly breast surgery and so are primarily
female, and gynecology procedures are exclusively female.
Procedures from surgical services representing less than
1% of patients (ANAE, ENDO, GEN BREAST, ORAL and
RAD ONC GYN) or less than 0.5% mortality (e.g., oph-
thalmology) were also excluded (2,334 patients). Three
patients were removed from the analysis because of miss-
ing data. This resulted in a consecutive set of 39,433
inpatients having general surgery, neurosurgery, orthopedic
surgery, otolaryngology, plastic surgery, spinal surgery,
and thoracic surgery for our primary analysis of the rela-
tionship between risk of mortality and sex.

Statistical analysis was performed with SPSS version 18
(IBM, Armonk, NY, USA). A multivariable model was
determined to investigate the independent effect of sex on
in-hospital 30-day mortality after the inclusion of estab-
lished predictors of mortality. Preoperative risk factors
(ASA classification, number of CC, EU status), surgical
service, and patient demographics (age, sex) were entered
into the model (Table 1).

Results

We analyzed 39,433 patients from higher-risk non-sex-
biased surgical services to investigate the relationship
between sex and the risk factors for mortality. This group
of patients was evenly balanced by sex (50.65% male) with
a substantially higher mortality in males, with 551 deaths

(2.76%) among males and 367 deaths (1.89%) among
females (P < 0.001). Age, ASA classification, number of
CC, and EU status showed a relationship to mortality
(Fig. 1). Males had higher mortality than females at all
ages except the decade 31-40 (Fig. 2). Males and females
are represented equally in ASA categories I, II, and III, but
there are more males than females in the high-risk cate-
gories IV and V (Fig. 2). The CC show a similar pattern,
with equal representation of males and females in the low-
risk categories and an increasingly higher proportion of
males in the higher-risk categories. More males than
females had EU surgery (Fig. 2).

Each of the preoperative risk factors (age, ASA classi-
fication, number of CC, and EU status) was a significant
independent predictor of mortality when considered alone.
A logistic regression of the preoperative risk factors (age,
ASA, number of CC, EU status, sex, and surgical service)
showed good discrimination (area under the receiver
operating characteristic curve of 0.90). Males had an
unadjusted odds ratio for death of 1.47 (95% confidence
interval [CI], 1.29 to 1.69) (Table 2). The interaction of
service and sex with mortality was non-significant, indi-
cating that this relationship was similar across all services.
The risk adjusted odds ratio of mortality for males was 1.31
(95% CI, 1.14 to 1.52) indicating that some of the differ-
ence in mortality between the sexes was related to
preoperative differences in the risk factors.

Discussion

In this study, we found that males and females had
approximately equal rates of non-cardiovascular surgery,
suggesting that the burden of illness was similar in both
sexes. However, post-surgical mortality was greater among
males (2.8%) compared with females (1.9%), a relative
increase of almost 50%. This difference in mortality was
partly explained by the finding that males present for sur-
gery with more risk factors than females.

These findings are similar to Boersma’s finding in the
Netherlands, which showed an increased risk of mortality
among males (2.2% mortality in males vs 1.3% in females)
undergoing various non-cardiac procedures.'> Wijeysundera
has reported on a large cohort of non-cardiac surgical patients
in Ontario,'* and in a subsequent analysis, found virtually the
same unadjusted odds ratio (OR) for male mortality (OR, 1.49;
95% CI, 1.39 to 1.61) that we report here (personal commu-
nication). Although this data included patients from our
hospital, only one year of the ten-year period covered by this
study overlapped with ours. This indicates the phenomenon is
both robust and widely occurring.

Surgical services with a risk of mortality greater than
0.5% and without a major sex bias in their case mix showed
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Table 1 Descriptive statistics

Total sample Males Females P value
(n = 39,433) (n =19,974) (n = 19,459)
Age, No. (% within sex)
0-30 yr 3,629 1,978 (9.9) 1,651 (8.5) <0.001
31-40 yr 3914 2,016 (10.1) 1,898 (9.8)
41-50 yr 6,271 3,123 (15.6) 3,148 (16.2)
51-60 yr 8,022 4,084 (20.4) 3,938 (20.2)
61-70 yr 8,040 4,136 (20.7) 3,904 (20.1)
71-80 yr 6,694 3,456 (17.3) 3,238 (16.6)
81+ yr 2,863 1,181 (5.9) 1,682 (8.6)
Emergent Status, No. (% within sex) 12,052 6,499 (32.5) 5,553 (28.5) <0.001
Number of Charlson Comorbidities, No. <0.001
(% within sex)
0 20,292 9,917(49.6) 10,375 (53.3)
1 11,949 5,951(29.8) 5,998 (30.8)
2 5,407 3,047 (15.3) 2,360 (12.1)
3 1,389 808 (4.05) 581 (2.99)
4+ 396 251 (1.26) 145 (0.75)
ASA Class, No. (% within sex) <0.001
TtoII 17,686 8,593 (43.0) 9,093 (46.7)
I 16,968 8,653 (43.3) 8,315 (42.7)
IVtoV 4,507 2,560 (12.8) 1,947 (1.0)
Service, No. (% within sex) <0.001
General 9,893 5,125 (25.7) 4,768 (24.5)
Neurosurgery 6,480 3,323 (16.6) 3,157 (16.2)
Orthopedics 8,863 4,113 (20.6) 4,750 (24.4)
Otolaryngology 5,060 2,644 (13.2) 2,416 (12.4)
ASA = American Society of Plastics 1,430 578 (2.89) 852 (4.38)
Anesthesiologists physical Spinal 3,528 1,945 (9.74) 1,583 (8.14)
status classification .

Thoracic 4,179 2,246 (11.2) 1,933 (9.93)

*P < 0.05; **P < 0.001

excess mortality in males, which was reduced when adjusted
for the preoperative risk factors. The analysis of the risk
factors in this group provides a partial explanation for this
major difference in mortality, since males present for surgery
with higher ASA classification, with more comorbidities,
and more often emergently. There remains a residual addi-
tional risk of male mortality which is as yet unexplained.

The finding of an association between males and an
increase in postoperative mortality is consistent with the
other studies examining sex and postoperative mortality in
non-cardiovascular surgery, although these studies had a
large sex imbalance.®’ Studies with a large sex bias in
referral for surgery present difficulties in interpretation,
because it is unclear which selection factors led to this
discrepancy. Our study eliminated this problem by ana-
lyzing a subset consisting of only the surgical services
without a large sex bias in presentation for surgery.

Each of these surgical services showed the same pattern
of greater male mortality except orthopedic surgery, where
males and females had similar mortality. However females
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undergoing orthopedic surgery were on average 9.6 yr
older than males, while in the other services, the ages were
similar or males were older. It has been reported that the
odds of an orthopedic surgeon recommending total knee
arthroplasty to a male was 22 times that for a female
patient with similar knee osteoarthritis.'> In females,
orthopedic surgery may have been delayed until the con-
dition was so severe that surgery was unavoidable,
resulting in an age difference that increased the risk of
female mortality, overcoming the typical increased risk in
males. In the logistic regression, the interaction terms
between sex and service were not significant, which indi-
cated the difference in mortality between sexes was similar
in all services when adjusted for risk.

There are well-documented discrepancies observed in
the overall health status of males compared with females.
The U.S. Department of Health and Human Services,
Office on Women’s Health'® suggests the presence of a
“crisis” in the state of men’s health on the basis of
numerous health indicators. For example, women live
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Fig. 1 Preoperative risk factors and mortality

longer than men; there is greater mortality for the top ten
causes of death among males vs females; there is greater
mortality among males due to addictions; and there is an
increased risk of infection following trauma in males.'®"
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Fig. 2 Differences between sexes in preoperative risk factors

These results are consistent with our finding that males
present for surgery with greater preoperative risk than
females, as indicated by higher ASA scores, more comor-
bidities, and a higher incidence of emergent surgery.
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Table 2 Unadjusted and
adjusted OR for 30-day

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

mortality (n = 39,433) Sex

Female
Male
Age
0-30
31-40
41-50
51-60
61-70
71-80
81+
Emergent Status

Non-Emergent

Emergent
ASA Class
ASA 1toII
ASA 111
ASAIVtoV
No. Charlson Comorbidities

0
1

The covariates used in the 2

model were Sex, Age, Emergent 3

Status, ASA Class, No.

Charlson Comorbidities, and 4+

Service. The unadjusted Odds Service

Ratios are for a univariate General

analysis of each variable

5 Neurosurgery

- =8.15,df = 8, H-L .

P — 0.385 Orthopedic

OR = odds ratio, Otola.lryngology

CI = confidence interval, Plastics

ASA = American Society of Spinal

Anesthesiologists’ physical Thoracic

status classification

1.0
1.47 (1.29 to 1.69)

1.0

1.69 (1.00 to 2.85)
2.50 (1.57 to 3.98)
3.17 (2.02 to 4.96)
3.86 (2.48 to 6.02)
6.49 (4.19 to 10.06)
10.35 (6.62 to 16.18)

1.0
7.02 (6.04 to 8.16)

1.0
12.11 (8.04 to 18.24)
105.37 (70.51 to 157.48)

1.0

5.31 (4.32 to 6.53)
8.45 (6.81 to 10.50)
13.66 (10.47 to 17.83)
26.67 (19.06 to 37.31)

1.0

1.59 (1.35 to 1.87)
0.37 (0.29 to 0.46)
0.28 (0.21 to 0.39)
0.22 (0.12 to 0.42)
0.30 (0.21 to 0.43)
0.84 (0.67 to 1.05)

1.0
1.31 (1.14 to 1.52)

1.0

1.27 (0.74 to 2.18)
1.35 (0.83 to 2.20)
1.47 (0.92 to 2.36)
1.45 (0.91 to 2.30)
2.13 (1.35 to 3.38)
2.60 (1.62 to 4.19)

1.0
3.28 (2.75 to 3.92)

1.0
6.42 (4.21 to 9.81)

29.28 (19.14 to 44.79)

1.0

221 (1.78 to 2.75)
2.61 (2.06 to 3.29)
2.66 (1.9 to 3.56)
4.25 (2.95 to 6.12)

1.0

1.04 (0.87 to 1.25)
0.63 (0.49 to 0.80)
0.54 (0.39 to 0.76)
0.40 (0.21 to 0.76)
0.40 (0.27 to 0.58)
0.92 (0.72 to 1.16)

Moreover, these differences in preoperative risk factors
accounted for a substantial proportion of the difference in
postoperative mortality we observed between sexes.

It is possible that these differences in preoperative risk
factors between the sexes may be related to the tendency
for males to have fewer contacts with the primary health
care system, resulting in surgery at a later and more urgent
stage of the disease. It is well-established that males use
primary health care services less often than females in
Canada, the United States (U.S.) and the United King-
dom.”®** This remains true even after correcting for
female use of health care services related to reproductive
issues.”' Studies that have examined this issue have found
that males have fewer family practitioner visits and a lower
uptake of preventative health services. This trend is con-
sistent across socioeconomic status and across various age

@ Springer

groups, and it has also shown to be true in a study from
the U.S. when services were provided for no fee.”* Alt
described the pattern of preventative health care use among
men in the U.S., showing that men have a lower number of
ambulatory care visits, a longer interval between visits, and
they are less likely than females to have a regular family
physician.”> Several other studies have attributed the
poorer health status of males to a lack of primary health
care use.”>**?” A 2008 report from the Canadian Institute
for Health Information indicated that the average cost to
treat males in hospital was greater than that for females.”®
The reason for this cost differential is unknown.

We hypothesize that differences between the sexes in
accessing the primary health care system may explain
why males present for surgery with more preoperative risk
factors. A recent study from Australia, which found a
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relationship between mortality and the regularity of visits to
primary care physicians, supports this hypothesis.*® Future
studies will be required to determine the factors that con-
tribute to the increased number of preoperative risk factors in
males vs females. If differences in access to primary health
care are related to the preoperative risk factors within each
sex, then public health campaigns (similar to those for
healthy eating and exercise) to encourage males to make
greater use of primary health care may result in significant
improvements in perioperative mortality.

Limitations

There are several limitations to this study that are related to
the study design and measurement of variables. It is pos-
sible that the differences between the sexes may be
explained by factors that are not included in our model.
There is also a possibility of a selection bias in patients that
present for surgery, although the fact that both sexes are
almost equally represented in this consecutive sample
would suggest this bias is not large. There are limitations
with respect to how particular variables were measured.
First, 30-day mortality could be recorded only for patients
who died within hospital. Thus, patients who were dis-
charged home or to another facility prior to death were lost
to follow-up. Second, the calculation of the CC was com-
pleted using ICD-10 codes. Many studies have shown
inconsistencies in the recording of ICD-10 codes, in that
not all comorbidities or diagnoses are recorded. Due to
these inconsistencies, the measure of patient comorbidities
may be unreliable. Third, the difference in mortality
between males and females could be due to well-known
differences between the sexes in cardiac problems, despite
the fact that these patients were having non-cardiovascular
procedures. However, we found the revised cardiac risk
index (RCRI) for the study patients did not change the
results when it was included in the logistic regression
model, suggesting that cardiac risk factors do not account
for the observed differences in mortality. The RCRI was
not retained in the final model as four of the variables in
this index are also included in the CC index.

In conclusion, we found that males have a higher risk
of mortality than females undergoing non-cardiovascular
surgery. Males present for surgery with higher ASA
classification, with more comorbidities, and more often
emergently than females. These differences in preoperative
risk factors partially explain the observed difference in
mortality. We hypothesize differences between the sexes in
preoperative risk factors may be related to the tendency for
males to have fewer contacts with primary care, resulting in
surgery at a later and more urgent stage of disease. There is
a possibility of a selection bias in patients that present for
surgery, although the fact that both sexes are almost equally

represented in this consecutive sample would suggest this
bias is not large.
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