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ABSTRACT

Background: Whether patients on testosterone replacement therapy undergoing noncardiac surgery have an increased risk of
postoperative in-hospital mortality and cardiovascular events remains unknown. We therefore sought to identify the impact
of testosterone replacement on the incidence of a composite of postoperative in-hospital mortality and cardiovascular events
in men undergoing noncardiac surgery.

Methods: Data from male American Society of Anesthesiologists I through IV patients 40 yr or older who underwent noncar-
diac surgery between May 2005 and December 2015 at the Cleveland Clinic (Cleveland, Ohio) main campus were included.
The primary exposure was preoperative testosterone use. The primary outcome was a composite of postoperative in-hospital
mortality and cardiovascular events. We compared patients who received testosterone and those who did not using propensity
score matching within surgical procedure matches.

Results: Among 49,273 patients who met inclusion and exclusion criteria, 947 patients on testosterone were matched to
4,598 nontestosterone patients. The incidence of in-hospital mortality was 1.3% in the testosterone group and 1.1% in the
nontestosterone group, giving an odds ratio of 1.17 (99% CI, 0.51 to 2.68; P = 0.63). The incidence of myocardial infarc-
tion was 0.2% in the testosterone group and 0.6% in the nontestosterone group (odds ratio = 0.34; 99% CI, 0.05 to 2.28;
P =0.15). Similarly, no significant difference was found in stroke (testosterone vs. nontestosterone: 2.0% ws. 2.1%), pulmo-
nary embolism (0.5% ws. 0.7%), or deep venous thrombosis (2.0% vs. 1.7%).

Conclusions: Preoperative testosterone is not associated with an increased incidence of a composite of postoperative in-
hospital mortality and cardiovascular events. (ANESTHESIOLOGY 2017; 127:457-65)

HE use of testosterone replacement therapy to treat

modest age-related decline in serum testosterone, also What We Already Know about This Topic
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known as andropause,' has dramatically increased in recent e Testosterone replacement therapy is increasingly being
years.? Testosterone replacement therapy has also been used prescribed to men to improve physical function and strength
to treat reduced physical function and decreased extremity ° Aliiveugly e e EoniiElg el Egreing i et

. . of testosterone therapy on cardiovascular events in the
strength in healthy older men with reduced serum testoster- general medical literature, there are no data regarding the
one® and in some cases has been used in younger men and in short-term impact of the therapy in men undergoing
those without documented low serum testosterone levels.* MeMEETEIEe SUTgEr

This expansion in the use of testosterone therapy beyond What This Article Tells Us That Is New
its classical indication of treating classical hypogonadism has » . . .

] K ] n a single-center observational analysis, testosterone
resulted in a 65% increase in the sale of testosterone supple- replacement therapy was not associated with a measurable
ments in the 4-yr time period between 2009 and 2013.25 increase or decrease in cardiovascular events or mortality
The number of prescriptions increased in the same period e S0 2 @I L gy
from 1.3 to 2.3 million, with men between 40 and 60 yr of
age accounting for 70% of prescriptions.” require labeling changes for all prescription testosterone

Data on the effect of testosterone on cardiovascular out-  products to reflect the possible increased risk of myocardial
comes are conflicting; several observational trials*® and a infarction (MI), strokes, and thrombotic complications asso-
meta-analysis’ have identified an increased cardiovascular  ciated with testosterone use.®
risk in patients taking testosterone replacement therapy, In addition, a randomized trial of testosterone therapy in

prompting the U.S. Food and Drug Administration to  older men with mobility limitation and a high prevalence of
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chronic disease was stopped early due to a higher frequency
of self-reported cardiovascular-related adverse events in men
assigned to the testosterone arm compared with the placebo
arm.” In contrast, a randomized trial in a similar patient
population reported no increase in cardiovascular events.'
Furthermore, several observational trials'""'? and meta-anal-
yses'>4 also reported no increase in cardiovascular risk.
Whether patients on testosterone replacement therapy
undergoing noncardiac surgery have an increased risk of
postoperative in-hospital mortality and cardiovascular events
remains unknown. We therefore sought to identify the
impact of testosterone replacement therapy on the incidence
of a composite of postoperative in-hospital mortality and
cardiovascular events in men undergoing noncardiac surgery.

Materials and Methods

The research protocol submitted and approved by the Anes-
thesiology Institute Research Advisory Committee and the
institutional review board (Cleveland Clinic, Cleveland, Ohio)
prospectively (a priori) identified the study population, the
analysis plan, and the variables of interest including the pri-
mary outcome, the exposure variable, and the confounding
variables. Following institutional review board approval, data
from patients undergoing noncardiac surgery at the Cleveland
Clinic main campus between May 2005 and December 2015
were obtained from the Anesthesia Institute’s Perioperative
Health Documentation System database and Epic, healthcare
software for secure housing of patient medical records. We
included male American Society of Anesthesiologists physical
status I to IV patients who were at least 40 yr old. Patients
who underwent outpatient procedures, those who underwent
emergency surgery, and patients missing any of the prespecified
potential confounding factors and/or outcomes were excluded.

The primary exposure of interest was preoperative testoster-
one replacement therapy, defined as a preoperative prescription
for testosterone replacement agents. This was determined by
querying the active medication list of patients in Epic (medica-
tions within 1 month before the date of surgery) for the presence
of any commercially available testosterone replacement therapy.
These include the following pharmacologic names: testosterone,
testosterone cypionate, testosterone enanthate, and testosterone
propionate, as well as the following trade names: Androderm
(Allergan, Ireland), AndroGel (Abbvie, USA), Aveed, Natesto,
Fortesta, Testim, Testopel, Delatestryl (Endo Pharmaceuticals,
USA), Striant (Columbia Labs, USA), Axiron (Lilly, USA),
Android, Methyl Testosterone, Testred (Valeant, USA), Depo-
testadiol, Depot-testosterone (Pfizer, USA), Ditate-ds (Foug-
era, USA), Metandren (Ciba, USA), Oreton methyl (Schering,
USA), Testoderm, TestodermTTS (Alza, USA), Virilon (Star,
USA), Vogelxo (Upsher-Smith, USA), Testogel (Bayer, Austra-
lia). Specifically, we searched all of the testosterone medica-
tions indicating therapy within one month before surgery
from Cleveland Clinic prescriptions using the Unified Medi-
cal Language System. Each prescription has an order date
and an end date. The end date is either accompanied by a
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statement specifying that the medication was discontinued
due to medication review or a new order is placed for the
same medication. If the end date was missing, the period of
active medication prescription was based on order date plus
90 days. We defined a patient as receiving testosterone treat-
ment if the prescription period from the order date to the end
date occurred within one month before surgery.

The primary outcome was a composite of postoperative
in-hospital mortality and cardiovascular events, includ-
ing MI, stroke, pulmonary embolism (PE), and deep vein
thrombosis. In-hospital mortality was defined based on the
Epic discharge summary, whereas all of the postoperative
in-hospital cardiovascular events were identified based on
discharge diagnosis codes (appendix). We did not use the
present-on-admission indicator to additionally exclude car-
diovascular events that occurred before hospital admission
because the present-on-admission indicator was not avail-

able from 2005 to 2010.

Statistical Analysis

We compared patients who were prescribed testoster-
one replacement therapy (testosterone group) and those
who were not (nontestosterone group). To control for the
observed confounding, we matched the testosterone group
with the nontestosterone group using propensity score
matching within surgical procedure matches. Specifically,
each patient in the testosterone group was matched to a
maximum of five patients in the nontestosterone group.
First, we estimated the probability of receiving testosterone
within one month before surgery (propensity score) for each
patient using a multivariable logistic regression; the propen-
sity score was based on the values of the baseline variables
listed in table 1. Then we matched testosterone patients with
nontestosterone patients using a greedy distance matching
algorithm, ! restricting successful matches to those with the
same type of surgery (as characterized using the Agency for
Healthcare Research and Quality’s Clinical Classifications
Clinical Classifications Software categories) and those whose

A

p_|a
estimated propensity score logits (i.e., log 1-p P where

P is the estimated propensity score) are within 0.2 propen-
sity score logit SDs of each other.

Assessment of covariable balances between the testoster-
one and nontestosterone patients before and after matching
was performed using absolute standardized difference (ASD;
as the absolute difference in means or proportions divided by
the pooled SD). Imbalance was defined as an ASD greater than
0.10. After matching, any imbalanced covariates were included
in the models so as to reduce potential confounding when com-
paring testosterone and nontestosterone patients on outcomes.

The propensity score-matched testosterone and nontes-
tosterone patients were compared on the composite of post-
operative in-hospital mortality and cardiovascular events. We
did not analyze the outcome as a collapsed composite of any
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Table 1. Demographics and Baseline Characteristics for Patients with and without Preoperative Testosterone Supplementation
before and after Propensity Score Matching

Before Matching After Matching
TRT Non-TRT TRT Non-TRT
Variable (N = 955) (N =48,318) ASD* (N =947) (N =4,598) ASD*
Age, mean + SD 62+10 63+12 0.15 62+10 62+11 0.01
Race, % 0.26 0.03
White 95 87 95 94
Black 4 11 4 5
Others 1 2 1 1
Body mass index, median (IQR), kg/m? 30 (27-35) 28 (25-32) 0.42 30 (27-35) 30 (27-35) 0.04
ASA physical status, % 0.20 0.02 g
| 0 1 0 0 E]
I 21 27 21 21 8
1l 66 59 66 65 g
v 13 13 13 13 §
Medical history, yes, % z
Atrial fibrillation 10 8 0.07 10 10 0.00 i
Diabetes mellitus 32 24 0.18 32 32 0.00 8
Hypertension 74 66 0.18 74 75 0.02 N
Hyperlipidemia 58 46 0.24 58 57 0.02 H
Coronary artery disease 30 28 0.05 30 30 0.02 S
Congestive heart failure 13 1 0.06 13 13 0.00 2
Chronic obstructive pulmonary disease 12 11 0.02 12 11 0.02 §
Peripheral vascular disease 22 20 0.05 22 21 0.03 )
Stroke 9 9 0.00 8 9 0.03 &
Preoperative anemia 30 30 0.00 30 28 0.04 §
Chronic kidney disease 13 13 0.02 13 13 0.00 s
Venous thromboembolism 4.3 4.8 0.03 4.3 4.6 0.01 <
Preoperative creatinine, median (IQR), mg/d| 1.0(0.9-1.2) 1.0(0.9-1.2) 0.11 1.0(0.9-1.2) 1.0(0.9-1.2) 0.12 §
Preoperative hemoglobin, median (IQR), mg/dl 14 (13-16) 14 (12-15) 0.24 14 (13-16) 14 (13-15) 0.02 9
Preoperative medications, % g
Statins 50 41 0.17 50 49 0.02 8
ACEIls/ARBs 47 38 0.18 47 48 0.03 g
-Blockers 49 45 0.07 49 49 0.00 g
Calcium-channel blockers 23 21 0.04 23 23 0.00 2
Diuretics 38 33 0.12 38 39 0.02 S
Antiplatelet agents 9 8 0.03 9 9 0.00 S
Year of surgery, % 0.38 0.07 g
2005 2 3 2 2 8
2006 5 9 5 6 o
2007 5 9 5 5 3
2008 5 9 5 5 3
2009 8 10 8 8 g
2010 10 10 10 10 g
2011 10 10 10 9 Qa
2012 14 10 14 14 g
2013 16 11 16 16 E]
2014 16 11 16 16 ®
2015 10 9 10 10 g
Duration of surgery, median (IQR), h 3.5 (2.7-4.8) 3.6 (2.5-5.1) 0.03 3.5(2.7-4.8) 3.5(2.7-4.7) 0.02 N
Most frequent type of surgery, %t - - R
Laminectomy, excision intervertebral disc 9 16 7 7
Other therapeutic endocrine procedures 6 5 10 9
Arthroplasty knee 6 14 12 12
Other OR therapeutic procedures, male genital 5 5 12 12
Hip replacement, total and partial 5 13 10 10
Gastric bypass and volume reduction 4 4 8 8
Spinal fusion 4 9 8 9
Colorectal resection 4 13 18 18
Nephrectomy, partial or complete 4 16 8 8
Other hernia repair 3 6 7 6

*Absolute standardized difference is the absolute difference in means or proportions divided by the pooled SD; any covariables with ASD = 0.10 after the
propensity score matching were adjusted for in the analyses.

TSurgery type was classified based on 244 mutually exclusive, clinically appropriate categories using the Agency for Healthcare Research and Quality’s
single-level Clinical Classifications Software for International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), procedure codes.
The 10 most frequent categories are reported due to the limited space.

ACEIls = angiotensin-converting enzyme inhibitors; ARBs = angiotensin receptor blockers; ASA = American Society of Anesthesiologists; OR = operating
room; TRT = testosterone replacement therapy.
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versus none. Rather, we used a multivariate (i.c., multiple
outcomes) analysis to simultaneously capture information
on each individual component of the composite outcome for
a patient and the correlations among the components while
still allowing for the outcome-specific odds ratio. Specifically,
we compared the propensity score-matched patients on the
composite of postoperative in-hospital mortality and cardio-
vascular events, using a distinct-effects generalized estimat-
ing equation model with unstructured covariance matrix, in
which we estimated the average log-odds ratio treatment (tes-
tosterone replacement therapy) effect across the components
of the primary outcome composite.'® In an analogous model
we also assessed the heterogeneity of the treatment effect
across the components with an exposure-by-component
interaction test. For information purposes, the treatment
effects for each component of the composite outcome were
reported separately regardless of the significance of the expo-
sure-by-component interaction. Moreover, we did a sensitiv-
ity analysis adjusting for propensity score but not unbalanced
covariates in an analogous generalized estimating equation
model. The significance criterion was 2 < 0.05 for the aver-
age relative effect across all the components of the composite,
P < 0.10 for the interaction, and P < 0.01 for each of the five
individual components (i.e., 0.05/5, Bonferroni correction).
All of the statistical tests were two tailed.

Sample Size Consideration

We planned to use all of the available patients on testosterone
replacement therapy who met the inclusion/exclusion criteria
(approximate of 1,000 based on a query of Epic conducted to
assess feasibility before the start of the study). We expected to
have 6,000 propensity score—matched patients total. Available
power for the study was assessed by comparing the matched
testosterone and nontestosterone patients on the compos-
ite of postoperative in-hospital mortality and cardiovascular
events using an SAS macro (SAS Institute Inc., USA) devel-
oped for designs with multiple binary correlated endpoints
(“multibinpow”)!” based on 1,000 simulations. With 6,000
patients, we would have approximately 90% power at the 0.05
significance level to detect an average relative effect odds ratio
of 0.7 or stronger for testosterone patients versus nontestoster-
one patients, assuming incidences of 1.0% for MI, 2.5% for
stroke, 1.0% for PE, 1.5% for deep venous thrombosis, and
1.0% for mortality, as well as a compound symmetric correla-
tion structure with a between-outcome correlation of less than
0.1. SAS software version 9.4 for Windows (SAS Institute,
USA) was used for all of the statistical analyses.

Results

We identified 49,273 patients who met inclusion and exclu-
sion criteria, including 955 patients who had an active pre-
scription for testosterone within one month before the surgery
and 48,318 patients who did not use testosterone (fig. 1).
Based on demographics, baseline characteristics, and surgical
factors, we successfully matched 947 testosterone replacement
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121,804 non-cardiac surgeries were performed at
Cleveland Clinic main campus for male patients with
age > 40 (May 2005 - Dec. 2015)

Excluded:

- 6,865 (6%) emergent surgeries

- 134 (0.1%) patients with ASA V/VI
- 36,309 (30%) outpatient surgeries

78,496 surgeries met the inclusion / exclusion criteria

Excluded:
4,419 (6%) subsequent surgeries within
each hospital visit

‘ 74,077 surgeries remained |

Excluded:

- 3,334 (5%) missing demographics

- 4,727 (6%) missing preoperative labs
- 135 (0.2%) missing other confounders
- 314 (0.4%) missing discharge data

65,567 surgeries remained

Excluded:
16,294 (25%) surgeries from previous
hospital visit for each patient

49,273 patients remained:
- 955 TRT patients
- 48,318 non-TRT patients

|

Propensity score matched
- 947 TRT patients
- 4,598 non-TRT patients

Fig. 1. Dataset inclusion/exclusion flow chart. ASA = Ameri-
can Society of Anesthesiologists; TRT = testosterone replace-
ment therapy.

therapy patients (99% of 955 testosterone patients) with 4,598
nontestosterone patients. Among 947 testosterone patients,
886 (94%) matched with 5 nontestosterone patients and 61
(6%) matched with 4 or fewer nontestosterone patients. Spe-
cifically, the testosterone and nontestosterone patients were
exactly matched on type of surgery and were much better
balanced on other covariates as a result of propensity score
matching (table 1 and fig. 2). Only preoperative creatinine
level was slightly imbalanced (ASD > 0.1) after the propensity
score matching, which was adjusted for in all of the analyses
comparing testosterone and nontestosterone patients.

Within the matched subset of patients, patients taking tes-
tosterone before surgery was not significantly different from
those not taking testosterone on the composite of postopera-
tive in-hospital mortality and cardiovascular events, including
ML, stroke, PE, and deep venous thrombosis. The incidence of
in-hospital mortality was 1.3% in the testosterone group and
1.1% in the nontestosterone group, giving an odds ratio of 1.17
(99% CI, 0.51 to 2.68; testosterone replacement therapy s.
nontestosterone replacement therapy; P = 0.63). The incidence
of MI was 0.2% in the testosterone group and 0.6% in the non-
testosterone group, again giving a nonsignificant odds ratio of

Argalious et al.
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Absolute Standardized Difference

Body mass index A
Year of surgery A
Race A
Hyperlipidemia A
Hemoglobin A
ASA physical status A
Diabetes mellitus A
Hypertension A
ACEI/ ARBs A

Statins A

Age | A o

Diuretics A o
Creatinine oA
Atrial fibrillation A [}
Beta blockers 4 o
Congestive heart failure & o
Coronary artery disecase A o
Peripheral vascular disease A ©
Ca-channel blockers 4 [e]
Antiplatelet agents 4 o
Duration of surgery, hours Ao
Chronic obstructive pulmonary disease o
Chronic kidney discase & ©
Stroke @ A

Anemia @ A

© Before Matching
A After Matching

0.0 0.1

| T T
0.2 0.3 0.4

Fig. 2. Plot of absolute standardized difference of covariables used to estimate the propensity score before (circles) and after
(triangles) the propensity score matching. ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker;

ASA = American Society of Anesthesiologists.

0.34 (99% CI, 0.05 to 2.28; P = 0.15). Similarly, no significant
difference was found in stroke (testosterone »s. nontestosterone:
2.0% wvs. 2.1%), PE (0.5% vs. 0.7%), or deep venous throm-
bosis (2.0% vs. 1.7%; table 2 and fig. 3). Although the associa-
tion was not in the same direction across all of the individual
components of the composite, the group-by-outcome interac-
tion was not significant (P = 0.21). The average relative effect
across the five components of the composite was 0.81 (95% CI,
0.53 to 1.25) for testosterone versus nontestosterone (P = 0.33),
adjusting for preoperative creatinine. Our sensitivity analyses
adjusting for the estimated propensity score provided the same

Anesthesiology 2017; 127:457-65 461

conclusions and very similar effect estimates (odds ratio = 0.82;
95% CI, 0.53 to 1.26; P = 0.37).

Moreover, we summarized the parameters of intraoperative
management, which are not included in propensity score match-
ing. The matched testosterone and nontestosterone patients
were descriptively similar on intraoperative managements,
including crystalloids, colloids, erythrocyte, fresh frozen plasma,
platelets transfusion, estimated blood loss, urine output, use of
vasopressor, and hypotension (table 3). Although testosterone
patients tended to have higher urine output (ASD > 0.10), the
difference was not clinically important (table 3).

Argalious et al.
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Table 2. Comparison between Propensity Score-matched TRT and Non-TRT Patients on the Composite of Postoperative In-hospital

Mortality and Cardiovascular Events

Outcome TRT (N =947), % Non-TRT (N = 4,598), % OR* (95% CI)t P Valuet
In-hospital mortality 1.3 1.1 1.17 (0.51-2.68) 0.63
Myocardial infarction 0.2 0.6 0.34 (0.05-2.28) 0.15
Stroke 2.0 2.1 0.96 (0.50-1.84) 0.87
Pulmonary embolism 0.5 0.7 0.76 (0.22-2.62) 0.56
Deep vein thrombosis 2.0 1.7 1.20 (0.62-2.34) 0.48
Average relative effect 0.81 (0.53-1.25) 0.33

*The unadjusted odds ratio (OR) of the outcome occurring in the TRT patients versus non-TRT patients.

1Cls were adjusted for multiple testing by Bonferroni correction. Correspondingly, P < 0.05 was considered significant for the average relative effect across
all of the components of the composite. P < 0.01 was considered significant for the individual component.

TRT = testosterone replacement therapy.

Odds ratio (TRT vs. non-TRT) and 95% CI*

Mortality — 1.17 (0.51, 2.68)

Myocardial Infaraction 4Df* 0.34 (0.05, 2.28)

Stroke —+ 0.96 (0.50, 1.84)

Pulmonary embolism —D— 0.76 (0.22, 2.62)

Deep vein thrombosis —D— 1.20 (0.62, 2.34)

Average relative effect —D— 0.81 (0.53, 1.25)
T T T ™

Favors TRT  0.01 0.07 05 1 23 Favors non-TRT

Fig. 3. Odds ratio of a composite of postoperative in-hospital
mortality and cardiovascular events in patients with and with-
out preoperative testosterone replacement therapy (TRT and
non-TRT, respectively) *Cls were Bonferroni adjusted. The
significance criterion was P < 0.05 for the average relative
effect across all of the components of the composite and P <
0.01 for each of the five individual components (i.e., 0.05/5).
We refer to them as 95% ClI to indicate that the overall signifi-
cance level was controlled at 5%.

Discussion

In this propensity score—matched, retrospective, single-
center cohort trial, preoperative testosterone therapy was
not associated with an increased incidence of a compos-
ite outcome of in-hospital mortality and cardiovascular
events. To our knowledge, this is the first study investigat-
ing the association of preoperative testosterone therapy
and the incidence of postoperative in-hospital mortality
and cardiovascular events. Although this study was not
designed to study the impact of testosterone replace-
ment therapy on long-term adverse outcomes, our study
results are in line with several recently published trials
identifying similar or reduced long-term mortality and
cardiovascular event rates in patients receiving testos-
terone replacement therapy.'"'21819 A recent study by
Anderson et al.? showed that testosterone replacement to
normal levels was associated with a reduced death and

Anesthesiology 2017; 127:457-65

cardiovascular event rate but also showed a higher stroke
signal when testosterone levels were replaced to higher-
than-normal levels.

Differences in the results of testosterone replacement therapy
studies can generally be explained by the varying ages of the stud-
ied population, the varying prevalence of coronary artery disease
across studied populations, the varying testosterone formula-
tions used, the expansion in indications for the use of testoster-
one replacement therapy, and the lack of treatment endpoint
across studies. This lack of treatment endpoint across studies
may explain why some studies identified an increased cardiovas-
cular and mortality risk with testosterone replacement therapy.
For example, the increased cardiovascular events reported by
Basaria ez 4/’ in their testosterone replacement therapy arm were
found to be associated with a higher serum testosterone concen-
tration, achieved with treatment using higher-than-approved
doses of testosterone replacement therapy, contrary to the rec-
ommendations of the Endocrine Society (Washington, D.C.)
guidelines.”®*! This is in addition to the fact that their study was
not designed to investigate cardiovascular events.

In addition to studies associating higher-than-recom-
mended serum testosterone levels with increased cardio-
vascular events, several studies also report a significant
association of low testosterone levels and increased cardio-
vascular mortality.'>'82>23 This inverse bell-shaped curve (or
J curve) relationship is in line with a recent study by Yeap
et al.** documenting an optimum testosterone level that is
associated with reduced cardiovascular mortality.

Mechanistically, testosterone replacement therapy can
reduce cardiovascular events and mortality by decreasing fat
mass, reducing insulin resistance, and modifying other com-
ponents of the metabolic syndrome.?> Another reported pro-
tective effect of testosterone replacement therapy is its ability
to reverse low testosterone—associated all-cause mortality in
several studies.!>!82223 Conversely, several mechanisms have
been proposed to explain the increased cardiovascular risk of
testosterone therapy, including increased thromboxane A2
receptor density, which promotes platelet aggregation and vas-
cular smooth muscle contraction.? Testosterone has also been
shown to contribute to atherosclerotic plaque development by
expressing vascular cell adhesion molecule 1.% Testosterone
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Table 3. Summary of Intraoperative Fluid Management for Propensity Score-matched Patients (N = 5,545)

Variables TRT (N =947) Non-TRT (N = 4,598) ASD*
Amount of crystalloids, median (IQR), L 2.2(1.5-3.2) 2.2 (1.5-3.1) 0.03
Amount of colloids, median (IQR), L 0 (0-0.5) 0 (0-0.5) 0.04
Transfusion of erythrocytes, % 6 6 0.038
Transfusion of fresh frozen plasma, % 2 2 0.01
Transfusion of platelets, % 1 2 0.05
Estimated blood loss, median (IQR), ml 100 (25-250) 100 (25-250) 0.00
Urine output, median (IQR), ml 235 (0-540) 200 (0-465) 0.12
Hypotension (30% drop from baseline for 5 consecutive minutes), % 50 49 0.02
Use of vasopressor, % 73 75 0.04

*The absolute difference in means or proportions divided by the pooled SD.

ASD = absolute standardized difference; IQR = interquartile range; TRT = testosterone replacement therapy.

replacement therapy also stimulates erythropoiesis, and the
resultant polycythemia can predispose to thrombosis.?®

Another possible explanation for the lack of association
of preoperative testosterone replacement therapy and post-
operative in-hospital mortality and cardiovascular events
in our study population, albeit speculative, is the possible
presence of a healthy user bias, explained by the fact that
patients receiving testosterone replacement therapy may also
be embracing a healthier lifestyle and may be receiving other
cardioprotective medications (e.g., statins or antiplatelet
drugs).?? Conversely, the unmatched testosterone replace-
ment therapy group had a higher percentage of patients with
American Society of Anesthesiologists physical status III or
IV, as well as a higher prevalence of patients with diabetes
mellitus, hypertension, and hyperlipidemia, pointing to the
fact that the testosterone replacement therapy group may
actually be sicker. Although propensity score matching and
other statistical methodologies aim to reduce these biases,
the possibility of uncorrected confounding may have existed.

According to the Revised Cardiac Risk Index, type of sur-
gery is one of six factors associated with an elevated risk (1% or
higher) of major adverse cardiac events.** Our studied patient
population underwent a variety of noncardiac surgeries (the
most frequent types of surgeries are listed in table 1). Although
most listed surgeries are not associated with an elevated cardiac
risk, our patient population had a high incidence of comorbid
medical conditions/risk factors associated with an elevated risk
of major adverse cardiac events. These include coronary artery
disease and diabetes mellitus (requiring insulin) and, to a lesser
extent, heart failure, cerebrovascular accident, and chronic kid-
ney disease (with a creatinine of more than 2 mg/dl).!

To adjudicate our electronic medical chart—reported out-
comes, the records of 50 patients with in-hospital mortality/
morbidity were manually reviewed (10 for each component
of the composite outcome). In 47 patients, the reported out-
comes were confirmed (positive predictive value of 94%). In
two patients, the timing of reported outcomes were errone-
ous (most likely due to miscoding in Epic), and in the third
patient the timing could not be accurately identified. Valida-
tion of electronic medical chart—based data based on Inter-
national Classification of Diseases, Ninth Revision, codes
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using the same source of data was reported previously and
showed good sensitivity and specificity.?

Given the retrospective observational nature of this trial,
unmeasured confounding may exist. To minimize any poten-
tial confounding, the testosterone and nontestosterone groups
were exactly matched on type of surgery and the covariates
were well balanced on other covariates as a result of propensity
score matching. In addition, sensitivity analyses for the esti-
mated propensity score provided similar effect size estimates.
Another limitation of our study is that the exact dosing,
equivalency, and duration of therapy of the multiple testoster-
one preparations were not collected. In addition, we queried
patients’ Epic medication lists for active prescriptions of tes-
tosterone formulation but cannot confirm whether patients
actually took their prescribed medications. We also note that
we did not collect data on other anabolic steroid use in the
study cohort nor data on the use of testosterone antagonists
in the nontestosterone patient population. Finally, data on
the time of resumption of postoperative testosterone use are
lacking. We note that our preoperative guidelines recommend
continuation of testosterone preparations as scheduled up
until the time of surgery. Patient medications, including tes-
tosterone preparations, are typically resumed as soon as post-
operatively feasible.

In this single tertiary center, retrospective, propensity score—
matched study, preoperative testosterone replacement therapy
was not associated with an increased incidence of a compos-
ite of postoperative in-hospital mortality and cardiovascular
events, including M1, stroke, deep venous thrombosis, and PE.
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Appendix. Definition of Postoperative Cardiovascular Event

Postoperative ICD-9 ICD-10

Adverse Events (Before September 30, 2015) (After September 30, 2015)

Myocardial infarction 410 Acute myocardial infarction 121 ST elevation and non-ST elevation myocardial infarc-
tion

122 Subsequent ST elevation and non-ST elevation myo-
cardial infarction

123 Certain current complications after ST elevation and
non-ST elevation myocardial infarction

Stroke 430 Subarachnoid hemorrhage 160 Nontraumatic hemorrhage
431 Intracerebral hemorrhage 161 Nontraumatic intracerebral hemorrhage
432 Other and unspecified intracranial hemorrhage 162 Other and unspecified nontraumatic intracranial
hemorrhage
433 Occlusion and stenosis of precerebral arteries 163 Cerebral infarction
434 Occlusion of cerebral arteries 165 Occlusion and stenosis of precerebral arteries, not
resulting in cerebral infarction
435 Transient cerebral ischemia 166 Occlusion and stenosis of cerebral arteries, not result-
ing in cerebral infarction
Pulmonary embolism  415.1 Pulmonary embolism and infarction 126 Pulmonary embolism
Deep vein thrombosis 453.4 Venous embolism and thrombosis of deep 182.4 Acute embolism and thrombosis of deep veins of
vessels of lower extremity lower extremity

ICD = International Classification of Diseases.
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