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Abstract 

OBJECTIVES: To investigate and quantify differences in survival and reinterventions between sexes after aortic root replacement with a 
stentless bioprosthesis, stratified for preoperative valve lesion.

METHODS: Elective adults undergoing aortic root replacement with the Freestyle bioprosthesis at six North-Atlantic centres were 
included. Survival analyses were performed using the Kaplan–Meier method or Aalen-Johansen with death as competing risk as relevant. 
Results were quantified using uni- and multivariable Cox regression tested using a log-rank likelihood ratio test.

RESULTS: In total, 884 patients were analysed for a median follow-up time of 10 years. Females were 4 years older. Survival was signifi
cantly worse in females operated for aortic valve insufficiency [60.7% and 72.2% for females and males at 14 years, respectively 
(P¼ 0.001)], but not for the other indications, even after correction for age. There were no differences in early outcomes or need for 
reoperation between the sexes and between the different aortic valve pathologies.

CONCLUSIONS: Sex difference in survival outcomes depends on pathology, and females have, compared to males, more symptoms pre
operatively regardless of type of valve lesion and worse outcome after aortic root replacement due to aortic insufficiency. Updated surgi
cal risk scores should account for interaction between sex and pathology, and the surgical community must raise awareness on risk of 
patient’s or doctors delay to surgery.

Keywords: Aortic root replacement • Sex difference

ABBREVIATIONS   

AI Aortic valve insufficiency  
AR Aortic valve regurgitation  
ARR Aortic root replacement  
AS Aortic valve stenosis  
HR Hazard ratio  
NYHA New York Heart Association 

INTRODUCTION

Cardiovascular disease presents differently in females and males 
regarding symptoms, pathophysiology, natural history and treat
ment [1–3]. This is also true for cardiac surgery, where differen
ces in outcomes between males and females have been 
reported [4, 5], and therefore, female sex is recognized as an in
dependent risk factor for mortality in both the European and 
American cardiac risk scores [6, 7].

In aortic valve disease patients, differences in pathophysio
logical processes, including myocardial fibrosis and ventricular 
hypertrophy, have been observed [8]. On the level of valve 
pathology, i.e. aortic valve stenosis (AS) or insufficiency (AI), 
imaging and morphological differences have been described 
between the sexes [8–11]. This relates to differences in presenta
tion, disease progression and prognosis [12–15]. Consequently, 
patient sex likely poses different risks for adverse outcomes 
after cardiac surgery, depending on the pathology leading 
to surgery.

Studies investigating sex differences after aortic root surgery 
are scarce. Furthermore, the weight of female sex on the risk 
associated to the aortic root procedure itself is uncertain. The 
aim of this study was to use an international multicentre data
base on the freestyle prosthesis to investigate sex differences 
in outcomes after aortic root replacement (ARR), quantifying 
the possible survival difference, and to investigate 
differences in reintervention, depending on sex and aortic 
valve pathology.

PATIENTS AND METHODS

Ethics statement

The study was conducted in accordance with the Declaration of 
Helsinki. The study was approved by the Ethics Committee, 
Copenhagen Denmark (H-16047065), the Swedish Ethical 
Review Authority (2017/1198–31/2), the Norwegian regional 
committee for ethical medical and health research (2018/1548/ 
REK vest), The National Bioethics Committee, Iceland (VSN-10– 
009-V8-S1) and the Medical Ethics Committee of the Leiden 
University Medical Centre (LUMC) (P14.147), and the need for 
patient informed consent was waived.

Study design, inclusion and exclusion

This study was a multicentre, retrospective and observational, 
merging data from six institutions across Scandinavia and 
Western-Europe (Supplementary Material, File S1). Medical 
records were reviewed for baseline characteristics, clinical out
comes and echocardiography reports. Survival status was 
sourced from national registries and medical records. All adult 
patients who underwent full root replacement with a Freestyle® 

stentless bioprosthesis (Medtronic, Minneapolis, MN, USA) in 
the aortic position between 1995 and 2017, and for Leiden also 
up to 2021, were included. The surgical technique of root re
placement has generally remained stable over the study period 
and is described in previous publications on the current dataset 
[16, 17]. Exclusion criteria were patients lost to follow-up within 
30 days and operation for dissection or endocarditis. Patients 
with several Freestyle implantations were included once, only 
after the first implant. A flowchart of inclusion and exclusion is 
found in the Supplementary Material (Supplementary Material, 
Fig. S1).

Outcomes

The primary outcome was all-cause mortality. Survival status 
and date of (any) death was found in the medical records which 
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draw information from the population registries. Patients who 
were alive were noted as followed up until the date of medical 
record review. Secondary outcomes were aortic valve reinter
vention and short-term outcomes (reoperation for bleeding or 
tamponade, cerebrovascular accidents, defined as major or 
minor stroke transient ischaemic attack, and permanent pace
maker-implantation).

Stratification for aortic valve dysfunction

To avoid confounding caused by different distribution of valve le
sion among males and females, differences in prognosis depending 
on valve-lesion, and by sex-dependent differences in valve lesion- 
specific pathology, patients were grouped as (1) aortic valve insuf
ficiency or AI, defined as moderate or severe insufficiency, also in 
the presence of stenosis, (2) aortic valve stenosis or AS, defined as 
moderate or severe stenosis of the aortic valve with mild or no 
accompanying insufficiency and (3) competent aortic valve, 
defined as none or only mild insufficiency or stenosis.

Statistical analysis

Statistical analysis was performed according to current recommen
dations [18–20]. Categorical variables were expressed as n (%) and 
continuous variables as median and interquartile range (IQR). 
Median follow-up time was calculated both as crude and accord
ing to the reverse Kaplan–Meier method [21]. Time-to-event analy
ses were performed using Kaplan–Meier estimation for survival 
and Aalen-Johansen with death as competing risk to reinterven
tion, and truncated at the time where all groups had >10% 
remaining at risk. The event difference was tested using the likeli
hood ratio- or Greys test, respectively, and quantified with crude 
and multivariable analysis with the Cox proportional hazard as
sumption regression. The variables for Cox were chosen with re
gard to clinical relevance [age, atrial fibrillation, preoperative New 
York Heart Association (NYHA)-class and reoperative surgery]. 
Variables with missing <30% were imputated with fully conditional 
specification and chained equations (Stef van Buuren, 2020; mice: 
multivariate imputation by chained equations. R package version 
3.9.0) with the use of Rubin’s rule, and conditioned on sex, age, 
atrial fibrillation, preoperative NYHA-class and preoperative sur
gery. Variables with missing >30% (e.g. renal function and left ven
tricular function) were deemed beyond use. The proportional 
hazard assumption was not tested, but the hazard ratio (HR) was 
viewed as a mean over the study period. Post hoc, a sensitivity ana
lysis was performed to examine the consequence calendar time on 
the results; the dataset was split according to date of surgery be
fore or after the median date (22 November 2012). The resulting 
six subgroups were plotted with Kaplan–Meier according to valve 
lesions to compare the study periods' early and late outcome.

RESULTS

Patients

In total, 884 elective full ARR patients were included in this 
study; 599 (68%) were male, and 285 (32%) were female. Eight 
patients were lost to follow-up within 30 days, and 16 and 38 
patients, respectively, were excluded due to an elective 

operation for chronic dissection or ‘cold’ endocarditis. Forty- 
nine patients underwent two (n¼ 45) or three (n¼ 4) Freestyle 
implantations. Males more commonly received an ARR due to 
AI (55% of male Freestyle-ARR), whereas females were equally 
likely to undergo surgery due to AI (45% of all female Freestyle- 
ARR) or AS (46% of all female Freestyle-ARR). A minority of both 
males and females had competent aortic valves (12% and 9% re
spectively) (Table 1). Overall, females were significantly older 
(64 years vs 68 years, P< 0.0001) and had slightly worse renal 
function. We observed equal proportions of previous cardiac 
surgery, hypertension, diabetes and atrial fibrillation in all 
groups. Indications for ARR are shown in Table 1.

Patients who presented with AI or AS did not differ in pre
operative symptoms, but in both categories, females showed 
more severe symptoms (P< 0.001, Fig. 1). For AI, NYHA III/IV was 
observed twice as often in women compared to males (20.4% vs 
41.9%; Fig. 1). Other patient comorbidities did not differ substan
tially. Patients without valve dysfunction who underwent full root 
replacement showed significantly better preoperative NYHA 
scores for both sexes.

Operative results

The distribution of prosthetic sizes was as can be expected in 
the patient cohort. There were no clinically relevant differences 
in perioperative data that are believed to have impacted out
comes. A detailed overview is presented in Table 2.

Early outcomes

There were no significant differences between groups in early 
outcomes, including early mortality (Table 3).

Survival

Median follow-up time was 10.1 years for all groups (10.4 and 
10.0 years for females and males, respectively, and identical when 
analysed with the reverse Kaplan–Meier method). Ten percent of 
population remained at risk at 13.5, 14.7 and 15.8 years for male 
subgroups and correspondingly at 15.6, 14.3 and 13.6 years for 
the female subgroups. Over the study period, survival was signifi
cantly different in the total cohort (P¼ 0.003). The 14-year sur
vival was 60.7% and 72.2% for females and males, respectively. 
The difference was driven by the AI-group, with 14-year survival 
at 54.0% and 77.9% for females and males, respectively (HR 2.14, 
95%CI1.43–3.21 P< 0.001, Fig. 1). Adjustment for age, atrial fibril
lation, preoperative NYHA-class and reoperative surgery reduced 
the effect to HR 1.71 (1.12–2.62), P¼ 0.01, but it remained signifi
cant. The difference in renal function was not included in the 
analysis because of 36% missing, and furthermore, the difference 
was not deemed of clinical relevance (very few patients had 
eGFR< 50). Fourteen-year survival rates in the AS group were 
61.1% and 65.7% for females and males, respectively (HR 1.01, 
95% CI 0.64–1.58, P¼ 1.00). When adjusted for age, atrial fibrilla
tion, preoperative NYHA-class and reoperative surgery, there was 
a non-significant trend favouring female survival (HR 0.65, 95% 
CI 0.40–1.05, P¼ 0.08). In the group with a competent aortic 
valve, we observed no difference in survival with or without 
adjusted Cox (Fig. 2).
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Reinterventions

The unadjusted freedom from reintervention rates at 14 years were 
52.2% and 60.0% for females and males, respectively (P¼ 0.2). The 
occurrence of reinterventions was similar for males and females 
for all valve lesions. Freedom from reintervention curves with 
death as a competing risk and related HRs are shown in Fig. 3.

DISCUSSION

This study describes sex differences in outcomes after elective 
ARR with a stentless bioprosthesis in real-world data from six 

European centres. We found that female survival was worse 
compared to male survival after ARR for aortic valve regurgita
tion (AR). This difference remained significant when adjusted for 
age, atrial fibrillation, preoperative NYHA class and redo surgery. 
Sex-related outcomes were not different in the subgroups with 
AS or root aneurysm with a competent valve. Reintervention 
rates were similar for the sexes at 14-years follow-up.

Survival—AR

Females had worse long-term survival compared to males when 
operated on for AR. This has previously been described in 

Table 1: Preoperative characteristics

AI AS No AI/AS All

Variable Median  
(Q1, Q3); n (%)

Males  
N¼ 354

Females  
N¼ 128

Males  
N¼ 171

Females  
N¼ 131

Males  
N¼ 74

Females  
N¼ 26

Males  
N¼ 599

Females  
N¼ 285

Age [years] 64 (57, 70) 68 (59, 74) 64 (58, 69) 69 (61, 76) 65 (59, 70) 68 (60, 75) 64 (57, 70) 68 (59, 75)
Indicationa

Dilatation 289 (91) 87 (76) 95 (62) 46 (39) 42 (81) 10 (67) 426 (82) 143 (58)
Bail-out 1 (0.3) 1 (0.9) 0 (0) 1 (0.9) 0 (0) 0 (0) 1 (0.2) 2 (0.8)
Small root 8 (2.5) 14 (12) 21 (14) 38 (32) 0 (0) 1 (6.7) 29 (5.6) 53 (21)
Other 18 (5.7) 13 (11) 37 (24) 32 (27) 10 (19) 4 (27) 65 (12) 49 (20)

BMI [kg/m2] 26.3 (24, 28) 24.8 (22, 29) 27.0 (24, 30) 26.4 (23, 30) 26.9 (24, 29) 25.8 (24, 28) 26.6 (24, 29) 25.7 (23, 29)
NYHA

I 125 (37) 29 (24) 56 (34) 24 (19) 46 (65) 10 (40) 227 (39) 63 (23)
II 147 (43) 42 (34) 69 (42) 55 (44) 16 (23) 12 (48) 232 (40) 109 (40)
III-IV 68 (20) 52 (42) 39 (24) 46 (36) 9 (12) 3 (12) 116 (21) 101 (37)

Hypertension 219 (62) 83 (65) 96 (56) 75 (59) 42 (57) 14 (54) 357 (60) 172 (61)
Previous cardiac surgeryb 58 (16) 25 (20) 26 (15) 24 (19) 26 (35) 12 (46) 110 (18) 61 (22)
Previous AVR 44 (12) 21 (16) 18 (11) 20 (16) 21 (28) 10 (38) 83 (14) 51 (18)
Previous CVA 36 (10) 13 (10) 13 (7.6) 10 (7.8) 7 (9.5) 3 (12) 56 (9.4) 26 (9.3)
Atrial fibrillation 55 (16) 21 (16) 18 (11) 12 (9.4) 14 (19) 2 (7.7) 87 (15) 35 (12)
Diabetes 17 (4.8) 9 (7.0) 28 (16) 18 (14) 9 (12) 0 (0) 54 (9.0) 27 (9.6)
COPD 24 (7.3) 12 (9.8) 12 (7.7) 10 (8.7) 7 (9.9) 4 (16) 43 (7.7) 26 (9.9)
Peripheral artery disease 9 (2.5) 5 (3.9) 9 (5.3) 8 (6.3) 2 (2.7) 3 (12) 20 (3.3) 16 (5.7)
Previous revascularization

None 338 (95) 124 (97) 159 (93) 118 (93) 65 (88) 24 (92) 562 (94) 266 (95)
PCI 9 (2.5) 4 (3.1) 9 (5.3) 7 (5.5) 2 (2.7) 1 (3.8) 20 (3.3) 12 (4.3)
CABG 3 (0.8) 0 (0) 1 (0.6) 1 (0.8) 6 (8.1) 0 (0) 10 (1.7) 1 (0.4)
both 4 (1.1) 0 (0) 2 (1.2) 1 (0.8) 1 (1.4) 1 (3.8) 7 (1.2) 2 (0.7)

Se-Creatinine 87 (74, 100) 76 (63, 89) 86 (76, 100) 70 (61, 79) 89 (75, 95) 75 (66, 81) 87 (75, 99) 73 (62, 84)
eGFR
>85 112 (46) 17 (22) 52 (55) 21 (27) 24 (45) 5 (28) 188 (48) 43 (25)
51–85 125 (52) 58 (75) 43 (45) 55 (71) 28 (53) 13 (72) 196 (50) 126 (73)
<50 5 (2.1) 2 (2.6) 0 (0) 0 (0) 1 (1.9) 0 (0) 6 (1.5) 2 (1.2)
Dialysis 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 1 (0.6)

Mean pressure  
gradient [mmHg]

19 (8, 40) 33 (12, 44) 44 (32, 53) 42 (32, 53) 12.9 (8.2, 15.8) 11.3 (8.7, 17.4) 30 (13, 46) 39 (23, 51)

Maximum pressure  
gradient [mmHg]

34 (16, 72) 61 (24, 82) 69 (53, 83) 67 (55, 83) 22 (18, 31) 23 (16, 29) 53 (26, 75) 63 (44, 81)

Left ventricular function
Good 129 (56) 58 (68) 64 (62) 57 (75) 33 (62) 16 (76) 226 (58) 131 (72)
Moderate 93 (40) 23 (27) 40 (38) 17 (22) 16 (30) 5 (24) 149 (38) 45 (25)
Poor 5 (2.2) 4 (4.7) 0 (0) 2 (2.6) 4 (7.5) 0 (0) 9 (2.3) 6 (3.3)
Very poor 4 (1.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 4 (1.0) 0 (0)

aIndication: indications for aortic root replacement; Dilatation: aneurysm involving at least the aortic root; Bail-out attempted surgery was not possible to com
plete (e.g. valve-sparing root replacement or aortic valve replacement); Small root: aortic valve dysfunction in a root/LVOT with risk of PPM in case of simple aor
tic valve replacement; Other: remaining indications.
bPrevious cardiac surgery: any previous surgery with opening of the pericardium.
AI: aortic insufficiency; AS: aortic stenosis; AVR: aortic valve replacement; BMI: body mass index; CABG: coronary artery bypass grafting; COPD: chronic obstruct
ive pulmonary disease; CVA: cerebrovascular accident; eGFR: estimated glomerular filtration rate; Median (Q1, Q3); n (%); No AI/AS: neither aortic insufficiency 
nor aortic stenosis; NYHA: New York Heart Association functional class; PCI: percutaneous coronary revascularization; Se-Creatinine: serum creatinine.
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patients with bicuspid aortic valves and AR but also in females 
undergoing aortic valve surgery in general [15, 22]. The differ
ence was not explained by symptoms or comorbidities. The lack 
of difference in both other indications suggests that underlying 
pathophysiological mechanisms, rather than the procedure itself, 
is responsible for this survival difference. Interestingly, our group 

previously found that patient characteristics rather than the pro
cedure or indication determines outcome [16, 17]. Current 
European and American guidelines on valvular heart disease are 
clear on the indication for surgery in AI patients when patients 
are symptomatic [23, 24]. In asymptomatic patients, other factors 
are to be considered, such as a decrease in left ventricular 

Figure 1: NYHA score stratified by valve status and sex of patients undergoing elective root replacement. AI: aortic insufficiency; ARR: aortic root replacement; AS: 
aortic stenosis; NYHA: New York Heart Association.

Table 2: Perioperative characteristics

AI AS No AI/AS All

Characteristic Median  
(Q1, Q3); n (%)

Males  
N¼ 354

Females  
N¼ 128

Males  
N¼ 171

Females  
N¼ 131

Males  
N¼ 74

Females  
N¼ 26

Males  
N¼ 599

Females  
N¼ 285

Freestyle size [mm]
21 3 (1.3) 13 (16) 1 (0.8) 29 (28) 0 (0) 2 (11) 4 (1.0) 44 (22)
23 8 (3.5) 17 (22) 8 (6.1) 51 (49) 3 (6.0) 4 (21) 19 (4.6) 72 (36)
25 34 (15) 26 (33) 46 (35) 17 (16) 9 (18) 8 (42) 89 (22) 51 (25)
27 78 (34) 19 (24) 45 (34) 5 (4.8) 19 (38) 3 (16) 142 (35) 27 (13)
29 105 (46) 4 (5.1) 32 (24) 2 (1.9) 19 (38) 2 (11) 156 (38) 8 (4.0)

Deep hypothermic  
circulatory arrest  
[min]

185 (53) 78 (61) 82 (48) 58 (45) 44 (60) 14 (54) 311 (52) 150 (53)

Antegrade cerebral  
perfusion [min]

169 (48) 72 (56) 77 (45) 59 (45) 38 (51) 12 (46) 284 (47) 143 (50)

CPB time [min] 174 (140, 208) 154 (125, 220) 184 (147, 227) 174 (136, 213) 188 (153, 257) 183 (150, 220) 177 (144, 216) 167 (132, 215)
Cross clamp time  

[min]
131 (111, 163) 118 (96, 158) 140 (111, 178) 128 (99, 157) 132 (111, 194) 142 (113, 164) 133 (111, 169) 124 (101, 158)

Circulatory arrest  
time [min]

21 (19, 26) 29 (23, 35) 23 (22, 31) 32 (19, 44) 28.0 (25, 29) 26.5 (16, 37) 24 (21, 29) 29 (19, 37)

Concomitant surgery
Coronary bypass  

grafting
146 (41) 45 (35) 80 (47) 63 (48) 31 (42) 12 (46) 257 (43) 120 (42)

Mitral valve 26 (7.4) 11 (8.7) 8 (4.7) 8 (6.1) 9 (12) 3 (12) 43 (7.2) 22 (7.7)
Tricuspid valve 10 (5.7) 5 (9.6) 4 (4.0) 3 (4.1) 3 (8.1) 0 (0) 17 (5.5) 8 (5.8)
Aortic arch 15 (8.4) 4 (5.3) 3 (4.2) 0 (0) 2 (5.6) 0 (0) 20 (7.0) 4 (2.7)
Ascending aorta 171 (54) 56 (48) 75 (50) 33 (29) 35 (53) 15 (71) 281 (53) 104 (42)

CPB: cardiopulmonary bypass; mm: millimetres; min: minutes.
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Table 3: Early postoperative outcomes

AI AS No AI/AS All

Characteristic  
n (%); % (95% CI)

Males 
N¼ 354

Females 
N¼ 128

P Males 
N¼ 171

Females 
N¼ 131

P Males 
N¼ 74

Females 
N¼ 26

P Males 
N¼ 599

Females 
N¼ 285

P

72-hour mortality 1.4 (0.2–2.6) 0.8 (0–2.3) >0.9 2.3 (0.1–4.6) 3.1 (0.1–6.0) 0.7 0 0 N/A 1.5 (0.5–2.5) 1.8 (0.2–3.3) 0.8
30-day mortality 2.8 (1.1–4.6) 3.9 (0.5–7.3) 0.6 3.5 (0.8–6.3) 6.9 (2.5–11.2) 0.2 2.7 (0–6.4) 0 (0) >0.9 3.0 (1.6–4.4) 4.9 (2.4–7.4) 0.2
90-day mortality 3.7 (1.7–5.6) 4.7 (1.0–8.3) 0.6 4.7 (1.5–7.8) 7.6 (3.1–12.1) 0.3 4.1 (0–8.5) 3.8 (0–11.2) 1 4.0 (2.4–5.6) 6.0 (3.2–8.7) 0.2
Reoperation for  

bleeding or  
tamponade

30 (8.5) 7 (5.5) 0.3 13 (7.7) 11 (8.4) 0.8 7 (9.5) 3 (12) 0.7 50 (8.4) 21 (7.4) 0.6

Cerebrovascular  
accident

1 (0.3) 1 (0.8) 0.5 2 (1.2) 2 (1.6) >0.9 0 (0) 1 (4.2) 0.3 3 (0.5) 4 (1.5) 0.2

Renal dysfunction
Permanent  

pacemaker  
implantation

8 (4.6) 4 (5.6) 0.8 7 (10) 2 (3.6) 0.3 1 (2.9) 0 (0) >0.9 16 (5.8) 6 (4.3) 0.5

Figure 2: Survival after aortic root replacement with the stentless Freestyle bioprosthesis, per aortic valve lesion. ARR: aortic root replacement; AI: Aortic 
Insufficiency; AS: aortic stenosis; HR: hazard ratio.
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function or (progressive) left ventricular dilatation. For left ven
tricular dilatation, both absolute [left ventricular end systolic 
diameter (LVESD) >50 mm] and indexed (indexed LVESD >20– 
25 mm/m2) cut-off values are maintained in the guidelines. It is 
known, however, that AI severity and left ventricular dilatation 
are closely associated in males, but not in females [9]. The ques
tion has been raised whether indexing of left ventricular dimen
sions alone is sufficient in AI-grading in women, or whether 
different cut-off values or even other parameters should be used 
[14]. In extension, the question is whether we are able to offer 
these patients surgery before their prognosis is worsened. In the 
USA, it has been seen that the previously noticed difference is 
reduced in modern time, perhaps indicating more awareness on 
female valve disease [15]. A post hoc sensitivity analysis of our 
results, performed to examine the consequence of the long 
study period stretching over 20 years, supports this notion (see 
Supplementary Material, Fig. S2B). This is paralleled in our study 
where outcomes for females operated for AI in the late study 
period are indeed improved compared to the early period, and 

much overlap that of males operated in the early study period. 
Interestingly, the increased mortality in the early study period 
manifests at roughly 4 years postoperatively where there is a 
marked drop in survival for the females operated in the early 
period. At approximately 8 years, the difference is clearly statis
tically significant, despite the power loss in the analysis caused 
by further splitting the subgroups, and it continues to 
fall drastically. The timing implies relation to (lack of) cardiac 
recovery, which could well relate to the timing of surgery and 
consequently irreversible remodelling of the left ventricle, 
as suggested.

Survival—AS

There were no differences across groups (Table 3). Females 
trended towards higher 30-day mortality compared to males 
(6.9% vs 3.5%, P¼ 0.2), which is in line with several previous 
reports of female sex as a risk factor for early mortality [12, 25]. 
However, both 72-hours- and 90 days point-mortality rates are 
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Figure 3: Reinterventions after aortic root replacement with the stentless Freestyle bioprosthesis, per aortic valve lesion. ARR: aortic root replacement; AI: aortic in
sufficiency; AS: aortic stenosis; HR: hazard ratio.
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slightly more similar (Table 3), supporting the that no real differ
ences exist. Intermediate survival after ARR for AS in our popula
tion is equally good for females as for males. In fact, the 
adjusted cox regression analysis implied that female sex might 
potentially be protective, although this was not statistically sig
nificant. Interestingly, AS patients in this ARR group received 
larger valves than isolated aortic valve replacement patients 
would have. Women with smaller roots and left ventricular out
flow tracts may thus benefit from ARR [26]. The underlying path
ology may also be different from the ‘classic’ aortic stenosis 
patients, perhaps in part explaining that we cannot reproduce 
previous findings of worse outcomes in females [27]. In the sen
sitivity analysis (Supplementary Material, Fig. S2A), females oper
ated for AS are those that have most improved their outcome 
from the early to the late study. That could be related to tech
nical circumstances such as a larger effective orifice area in a 
time where prosthesis-patient mismatch has received more 
focus. As the Freestyle generally have large openings also in 
smaller sizes, it may as well be related to timely surgery. 
Whatever the mechanism, it seems to benefit females even 
more than males. More diffuse myocardial fibrosis has been 
observed in females compared to males in patients with AS and 
may suggest the latter as more likely [8].

Survival—root aneurysms with well-functioning  
valves

For the patients operated for root aneurysm without presence of 
valve dysfunction, there is no evidence of any difference be
tween the sexes. The similar survival corroborates the reports 
from several studies on aortic surgery and sex [13, 14, 25, 28]. 
Some report higher in-hospital mortality for women, but only 
van Kampen reports poorer female survival mid-term [12–14, 
25]. Comparison should however be with caution, as the study 
includes approximately 8% urgent surgery. This may seem little 
but can contribute with quite a few events both early and mid- 
term. In the sensitivity analysis, the groups without valve dys
function are too small to allow much inference. There is no sign 
of contradictory findings. In all, our and other’s findings support 
the idea that left ventricular status may be the most important 
predictor of sex-dependent outcome difference.

Reinterventions

Sex did not affect the need for reintervention in this study. The 
adjusted freedom from reintervention rates at 14 years show an 
expected durability of the prosthesis considering the age of the 
current cohort. There is no signal that sex or underlying path
ology has an impact on valve durability.

Perspectives

This study aligns with the literature, in that effects of sex on 
prognosis varies with improved perioperative care, and with pre
operative condition. Based upon current data, it is not possible 
to include sex in risk scores as an independent covariable. It 
does still seem to play a substantial role in the prediction of out
come. It would be interesting to investigate the interaction be
tween indication and left ventricular functional status. The joint 
conclusion of the literature and the current study is also that, in 
contrast to coronary artery bypass grafting, there is very little 

implication that female sex tolerates aortic root surgery poorer 
than males. Consequently, it should be possible to remove the 
sex-dependent difference—most likely by well-defined indication 
cut-offs that need evaluation and validation in further studies. 
Although the results are generally improving, the more pro
nounced symptomatology in females preoperatively implies that 
patient or doctor’s delay may still contribute to unnecessarily 
poor outcomes after valve surgery in females.

Strengths and limitations

This study is strengthened by the large study population and the 
multicentre design, thus delivering real-world data. Its retro
spective design however comes with the disadvantages of lim
ited availability of data. Furthermore, the study period ranges 
over more than 20 years of surgery, with changes in trends for 
diagnosis, referral, acceptance for surgery and perioperative 
care. To assess the consequence of this time period on the 
results, a sensitivity analysis is presented in the Supplementary 
Material and taken into consideration in the discussion and con
clusion of the study.

CONCLUSION

In conclusion, females who underwent ARR with a stentless bio
prosthesis for AI displayed worse long-term prognosis compared 
to male patients. This effect was driven by female patients oper
ated earlier in the study period and reduced in later operated 
patients. There is no difference between the survival of the sexes 
when operated for aortic stenosis, or for root dilatation with a 
well-functioning valve. Surgical timing and risk varies between 
sexes and preoperative conditions which should to be reflected 
in updated guidelines and risk scores.
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Thopaz+ is a portable digital chest drainage and 
monitoring system developed by Medela. It offers 
continuous objective monitoring of fluid loss and 
air leaks, which facilitates assessment of patients’ 
progress, as well as standardisation of chest drainage 
management across different departments.1 Clinical 
evidence has demonstrated that Thopaz+ is a useful 
tool in the management of patients that require chest 
drains and has clear clinical advantages compared 
with underwater� seal drains.1–3

Thopaz+ and its predecessor, Thopaz, have been 
used within the Cardiothoracic Department at Oxford 
University Hospital NHS Trust since 2012. A report 
on this experience contributed to National Institute 
for Health and Care Excellence (NICE) Medical 
Technology Guidance 37.1,4 Use of Thopaz+ in Oxford 
has since expanded to other departments within the 
trust. This document summarises the experience 
with Thopaz+ based on interviews with healthcare 
professionals (HCPs) at Oxford University Hospital 
NHS Trust in February/March 2024.

CHEST DRAINAGE PROTOCOLS
Each department has a chest drain 
protocol based on their use of Thopaz+� 
or underwater seal drains, and whether 
active suction or physio mode is needed.

MOBILISATION
Improved and earlier mobilisation is a 
major advantage of Thopaz+ in relation to 
complications associated with immobility.

OBJECTIVE AND CONTINUOUS 
MONITORING LEADS TO IMPROVED 
DECISION-MAKING
Continuous monitoring improves chest 
drain decision-making by providing 
objective estimates/measurement of 
leakage. It helps determine when air leaks 
are resolving (allowing for earlier drain 
removal and discharge planning) or when 
further intervention is needed (such as 
referral to a surgeon).

LENGTH OF STAY
Digital drainage facilitates day-case 
procedures by giving HCPs confidence 
that their patients have no persistent air 
leaks or fluid loss.

RESPIRATORY
70% of patients following pleural 
intervention and 60% undergoing 
thoracoscopy return home the same day.

CORONARY CARE UNIT (CCU)
Length of stay of 7 days with Thopaz+ 	
compared with 10 days with underwater 
seal drains.

THROUGHOUT THE PATIENT JOURNEY
Thopaz+ can be used throughout a 
patient’s journey, which can reduce the 
possibility of issues and errors, because 
drains can become kinked or displaced 
whenever a device is changed. Suction 
can be added to a Thopaz+ device set up 
to provide straightforward drainage simply 
by pressing a button to initiate suction via 
the device itself.

COSTS AND EFFICIENCIES
The use of the device can lead to 
improved operational efficiencies and 
cost savings, which may justify the 
acquisition costs. From an evidence-based 
practice project in the USA, a digital air 
leak detection device after pulmonary 
lobectomy led to cost savings of $2,659 
per hospital day.5

IMPROVED PATENT SAFETY
Thopaz+ is a closed system, reducing 
incidents, errors, mishaps, and infections. 
As a dry system, Thopaz+ prevents issues 
with water and device positioning. Non-
medical staff can manage Thopaz+� if it 
is knocked over, with no patient impact. 
Thopaz+ has its own suction source, 
preventing complications with wall suction 
becoming displaced or unclipped.

STAFF EXPERIENCE
Precise fluid and air leak measurements 
including time trends, improve clinician 
confidence and decision-making and 
facilitate continuity of care. The user-
friendly interface makes it easier to track 
air leaks and fluid output. Nursing time 
is saved with easy canister replacement, 
reduced manual monitoring, and visual 
and audible notifications alert HCPs 
of issues.

PATIENT EXPERIENCE
Patients can move around freely without 
nursing or healthcare assistant support. 
Earlier discharge reduces hospital stay. 
Patients can monitor their progress in 
terms of reducing volumes of fluid and 
air leaks on the display.

Real-world experience with

Thopaz+
The Oxford University Hospitals
NHS Foundation Trust experience

*Percentage of cases using Thopaz+, where known from interviews. 
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Summary of the real-world experience with Thopaz+

The experience of HCPs within Oxford University Hospitals NHS Foundation Trust over the past 12 years 
has shown that Thopaz+ has multiple benefits in the right circumstances and should be available for the 
vast majority of patients requiring a chest drain.

Francesco Di Chiara MD, MS THOR (Hons), FEBTS 
Consultant Thoracic Surgeon Oxford University 
Hospitals NHS Foundation Trust 

Overall, our experience at �Oxford University 
Hospitals NHS Foundation trust has shown that 
Thopaz+ is an indispensable asset for HCPs, 
redefining standards of care and operational 
efficiency across multiple medical departments. 
We encourage all units using chest drains to 
consider making the move from underwater seal 
drains to Thopaz+ in the vast majority of patients 
requiring chest drainage.

Quotes from interviews with a number of 
healthcare professionals at Oxford University 
Hospital NHS Trust:

From the NHS perspective, I think it 
probably allows us to make earlier decisions 
about withdrawing chest drains and getting 
people�out of hospital earlier.

There are a number of ways to recoup 
the costs: efficiencies in the system, less 
litigation because things don’t go wrong, 
staff sickness due to back injuries, and 
length of stay if you can get patients home 
quicker.

Read the full report:

The summary report has been written by HSJ Advisory on behalf of Medela AG, reflecting the views 
expressed in interviews with healthcare professionals. Medela AG funded the project and had input 
into the development of this report.

Thopaz+  
#1 reference for digital 
drainage*

Turning Science into Care

Read the evidence

*Pioneering the digital chest drainage market since 2007. Market report and data show number 1 market share as of 
January 2024. Thopaz/Thopaz+ being named or referred to in >100 published studies, reports, or publicly available data.
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