The Heart Surgery Forum 2020-3335
24 (1), 2021 [Epub January 2021]
doi: 10.1532/hsf.3335

Online address: http://journal.hsforum.com

Small Cavity of Left Ventricle Does Not Affect Short-term Outcome in Patients
with Rheumatic Mitral Valve Stenosis Undergoing Mitral Valve Replacement

Junnan Zheng, MD*, Tingting Tao, MD*, Yiming Ni, MD, Liang Ma, MD, Haige Zhao, MD

Department of Cardiovascular Surgery, the First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, China

ABSTRACT

Background: Small cavity left ventricle (SCLV) may affect
the clinical outcomes of patients undergoing mitral valve
replacement (MVR). This study aims to investigate the inci-
dence of SCLV in patients with rheumatic mitral valve ste-
nosis undergoing MVR and analyze its effect on short-term
patient outcomes.

Methods: We retrospectively examined all consecutive
patients with isolated or concomitant MVR for rheumatic
mitral valve stenosis in our center from 2013 to 2018. SCLV
was defined as end-diastolic volume index < 50 ml/m2. After
inclusion and exclusion, a total of 1,437 patients were ana-
lyzed. The baseline information was collected and compared
between SCLV and non-SCLV patients. Multivariate logistic
regression analysis was conducted to determine the effect of
SCLV on early mortality.

Results: A total of 1,437 patients were included in the study.
SCLV was detected in 13.57% of the patients. Compared with
the non-SCLV group, patients with SCLV were smaller-sized
and primarily female. There were no significant differences
between SCLV and non-SCLV patients regarding major post-
operative complications, nor were there incidence of prosthe-
sis-patient mismatch. Logistic regression analysis showed that
SCLV was not a risk factor for short-term mortality (P = 0.998).

Conclusions: Our results demonstrated that SCLV was
not associated with poorer early outcomes after MVR surgery
in patients with rheumatic mitral valve stenosis.

INTRODUCTION

Rheumatic heart diseases are known as the dominating
causes of mitral valve diseases in developing countries, such as
China [Chandrashekhar 2009]. Untreated severe rheumatic
mitral stenosis can lead to a very poor prognosis, includ-
ing death; thus, interventional treatment is strongly recom-
mended [Horstkotte 1991].
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Currently, the mainstream treatment of rheumatic mitral
valve stenosis includes percutaneous balloon valvuloplasty
and mitral valve replacement (MVR). Thanks to its better
long-term result and well-controlled morbidity/mortality,
MVR has become the treatment of choice in severe rheumatic
mitral valve stenosis or regurgitation, particularly in elderly
patients [Harb 2017].

It has been reported that a substantial proportion of
patients with rheumatic mitral valve stenosis were charac-
terized with a small cavity left ventricle (SCLV) by echocar-
diography [Jiang 2009]. While it has been well clarified that
an enlarged left ventricle is associated with adverse outcome
in patients undergoing MVR [Wenbin 2002; Zile 1993], the
effect of SCLV on patient outcomes after MVR has only been
partially explored.

However, several reports did propose that SCLV may
indeed lead to adverse postoperative outcomes. Small left
ventricle size was reported to be a significant risk factor for
left ventricle rupture after MVR [Hosono 2008]. Moreover,
one report suggested that SCLV could be a risk factor for left
ventricular outflow tract obstruction after MVR [Jett 1986].
A further study showed that patients with SCLV were at
higher risk for surgery with and increasing risk of prosthesis-
patient mismatch (PPM) [Popov 2013]. However, our pre-
vious research demonstrated that, although mitral PPM was
associated with small left ventricle, it was not associated with
poorer early- and mid-term outcomes after MVR in patients
with rheumatic mitral valve stenosis [Akuffu 2018].

Therefore, we aim to investigate the incidence of SCLV
in patients with rheumatic mitral valve stenosis in our center
and analyze whether SCLV was associated with adverse out-
comes after MVR in this population.

METHODS

Patient population and data collection: We retrospec-
tively analyzed data of all consecutive patients who under-
went isolated or concomitant MVR at our center from Janu-
ary 2013 to December 2018. All patients received MVR at
our center and were not amenable to balloon valvuloplasty,
assessed by cardiologists. After obtaining written informed
consent waived by the Hospital Review Board, we reviewed
data of patients aged 18 years or older who were undergoing
isolated MVR or MVR concomitant with other open-heart
procedures. Patients who received MVR due to non-rheu-
matic causes, pure mitral valve regurgitation, failed mitral
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2315 patients screened

878 excluded
582 MVR for non-rheumatic causes
268 mitral regurgitation
9 MVR due to failed valvuloplasty
19 incomplete clinical materials

1437 patients enrolled
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Retrospectively analyzed

1242 non-SCLV patients

Figure 1. Consort flow diagram of patient enrollment

valvuloplasty, and patients with incomplete clinical data were
excluded. (Figure 1) Altogether, 1,437 patients were included
in this study. Baseline, intraoperative, and outcome data were
prospectively collected and validated, which had been queried
retrospectively.

SCLV, PPM, and definitions: According to previous
references, SCLV was defined as end-diastolic volume index
(EDVi) £ 50 ml/m? during the hospitalization period [Abbo
1994; Gomez-Duran 1984]; thus, patients with EDVi> 50 ml/
m2 were listed as the non-SCLV group. EDVi was obtained
with end-diastolic volume (EDV) divided by the body sur-
face area (BSA) of the patient. EDVs were preoperatively
derived by non-contrast transthoracic echocardiogram by
using Simpson’s disk method in the apical 4- and 2-chamber
views. BSA was calculated using the Dubois formula. PPM
was defined according to the value of the effective orifice area
index (EOAI), which was obtained with effective orifice area

Table 1. In vivo EOA value (cm?) of each valve prothesis

(EOA) divided by the BSA of the patient. Mitral PPM was
defined as EOAi £1.2 ecm?*/m?*. EOAI £0.9 cm?/m? was consid-
ered severe mitral PPM. BSA was calculated using the Dubois
formula and EOA of the mitral valve prosthesis was derived
from in vitro measurements provided by the manufacturers
and from scientific publications, as outlined in Table 1. (Table
1Y)

Surgical technique: A total of 1,242 mechanical prosthe-
ses and 195 bioprostheses were implanted. Prostheses used
were: mechanical prosthesis (CarboMedics Orbis Universal,
CarboMedics, Inc., Austin, TX, USA) (N = 741), St. Jude
Master (St. Jude Medical, Inc., St. Paul, MN, USA) (N = 363),
ATS open pivot (AT'S Medical, Inc., Minneapolis, MN, USA)
(N = 138), bioprosthesis (Hancock II Porcine Bioprosthesis,
Medtronic, Inc., Minneapolis, MN, USA) (N = 83), Mosaic
Porcine Bioprosthetic Valves (Medtronic, Inc., Minneapolis,
MN, USA) (N = 10), Bicor Stented Bioprosthesis (St. Jude
Medical, Inc., St. Paul, MN, USA) (N = 41), Carpentier-
Edwards Perimount (Baxter Healthcare Corp., Edwards
Division, Santa Ana, CA, USA) (N = 61).

Concomitant procedures included aortic valve replacement,
tricuspid annuloplasty, coronary artery bypass grafting, atrial
septum defect repair, atrial fibrillation radiofrequency abla-
tion, and/or other open-heart procedures. Standard anesthesia
and cardiopulmonary bypass strategies were implemented. The
patients were approached either through a full median sternot-
omy (1,356 patients, 94.4%) or through a right thoracotomy
(81 patients, 5.6%) followed by an antegrade 4:1 cold blood
cardioplegia for myocardial protection. Intermittent antegrade
plus continuous retrograde cardioplegia was applied for patients
with coronary stenosis. Antegrade cold blood cardioplegia per-
fusion was maintained at a frequency of once every 20 minutes.

The patients were preoperatively consulted regarding
the choice of prostheses. However, the final decision of the
type and the size of prosthesis was made by the surgeons
during operation, taking into consideration the preoperative

Valve prosthesis Patients 23mm 25mm 27mm 29mm 3Tmm 33mm Ref
Mechanical
Carbomedics Orbis Universal 1.8 2.2 2.2 2.4 2.4 2.3 Lam 2007
St. Jude Master 1.0 15 18 18 20 2.0 Bitar 19%;
Magne 2007
ATS open pivot - 1.8 2.8 2.8 2.9 2.9 Cohn 2012
Bioprosthetic
Medtronic Hancock |l - 1.5 1.8 1.9 2.6 2.6 Lam 2007
Medtronic Mosaic - 1.5 1.7 1.9 1.9 - Magne 2007
Borracci
St. Jude Bicor Stented - 1.4 1.5 2.3 2.2 2.3 2016
Carpentier-Edwards perimount - 1.7 1.9 2.3 2.8 2.7 Lam 2007

EOA: effective orifice area, Ref: reference
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information and intraoperative findings. When performing
MVR, native posterior leaflet and sub-valvular structures
were preserved as much as possible.

Statistical analysis: The Kolmogorov-Smirnov test was
used to verify the distribution of all the quantitative variables.
Variables that fit the Gaussian distribution were presented as
mean * standard deviation (SD), while non-Gaussian distrib-
uted variables were presented as medians (interquartile range).
Categorical variables were expressed as absolute number (per-
centage). Pearson’s 2 test was used for descriptive, binary mul-
tivariate statistics, such as the comparison of portions, while the
Student’s unpaired t-test was used for normally distributed data
comparisons. The Mann-Whitney U test was otherwise used for
comparison of non-Gaussian distributed variables. Two-tailed
P-values were derived from the calculated test statistics, and P <
0.05 was considered statistically significant. Binary multivariate
logistic regression analysis was performed to study the factors
affecting postoperative mortality. SPSS Statistics 23.0 software
(IBM, Armonk, NY, USA) was used to analyze the data.

RESULTS

Table 2. Preoperative patient baseline information

SCLV and preoperative patient baseline information:
After inclusion and exclusion (Figure 1), a total of 1,437
patients were included in this study. SCLV was detected in
13.572% (195/1,437) of the patients. Preoperative patient
baseline information was listed in Table 2. (Table 2) Com-
pared with the non-SCLV group, patients with SCLV were
smaller-sized and primarily female. They had a lower preva-
lence smoking history. The baseline characteristics of the two
groups were comparable.

Operative data: As demonstrated in Table 3, there were
no significant differences between SCLV and non-SCLV
patients regarding cardiac surgery history, cardiopulmonary
bypass (CPB) time, and combined procedures. (Table 3)
However, the cross-clamp time of SCLV patients was shorter.
Size distribution in both mechanical prosthesis and biopros-
thesis was analyzed (Table 4). (Table 4) Small-sized prosthe-
ses (25# or smaller) were more used in SCLV patients, while
large-sized prostheses (27# or larger) were more used in non-
SCLV patients.

Postoperative outcomes and factors affecting post-
operative mortality: There were no obvious differences
between SCLV and non-SCLV patients regarding early
postoperative complications, including blood transfusion,

Preoperative information Total SCLV group (N = 195) Non-SCLV group (N = 1242 P-value
Age, yr. 54(47-61) 53(46-60) 54(48-61) 0.092
Female 1006(70.0%) 154(79.0%) 852(68.6%) 0.003
BMI, kg/m? 22.56+3.343 22.47+2.95 22.58+3.50 0.652
BSA, m? 1.56+0.16 1.54+0.15 1.57+0.16 0.017
Smoking history 172(12.0%) 6(3.1%) 166(13.4%) <0.001
Diabetes 156(11.8%) 21(10.8%) 135(10.9%) 0.967
Hypertension 215(15.0%) 22(1.3%) 193(15.5%) 0.121

Cerebrovascular accident 91(6.3%) 15(7.7%) 76(6.1%) 0.402
Coronary heart disease 41 (2.9%) 3(1.5%) 38(3.0%) 0.236
NYHA functional class (> Ill) 453(31.5%) 66(33.8%) 387(31.2%) 0.453
Atrial fibrillation 749(52.1%) 92 (47.2%) 657(52.9%) 0.137
Previous cardiac surgery 35(2.4%) 5(2.6%) 30(2.4%) 0.900
LVEF 62.31+8.35 63.23+7.86 62.17+8.42 0.100
LVDD, mm 49.17+7.94 38.29+4.13 50.88+6.99 <0.001
EDV, ml 133.70+73.34 60.26+15.76 145.24+72.14 <0.001
EDVi,ml/m? 85.18+44.68 39.17+9.52 92.41+43.71 <0.001
LAD, mm 52.19+11.49 49.12+10.25 52.68+11.60 <0.001
Emergency surgery 4(0.3%) 1(0.5%) 3(0.2%) 0.504
Aspirin within 5 days 4(0.3%) 2(1.0%) 3(0.2%) 0.084
Clopidogrel within 5 days 1(0.1%) 0(0.0%) 1(0.1%) 0.692

SCLV, small cavity left ventricle; BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association; MI, myocardial infarction; LVEF, left ven-

tricular ejection fraction; LVDD, left ventricular diastolic diameter; LAD, left atrial diameter; EDV, end-diastolic volume
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Table 3. Intraoperative data

Total (N = 1437) SCLV group (N = 195) Non-SCLV group (N = 1242) P-value
CPB time, min 85(71-93) 81(70-90) 86(71-93) 0.083
Cross-clamp time 50(41-62) 48(40-57) 50(42-63) 0.046
Mechanical prosthesis 1242(86.4%) 174(89.2%) 1068(85.5%) 0.219
Bioprosthesis 195(13.6%) 21(10.8%) 174(14.0%) 0.219
Combined procedure
AVR 687(47.8%) 81(41.5%) 606(48.8%) 0.059
TVP 594 (41.3%) 79(40.5%) 515(41.5%) 0.802
CABG 41 (2.9%) 3(1.5%) 38(3.0%) 0.230
AFRA or MAZE 130(9.0%) 20 (10.2%) 110(8.8%) 0.526
Others 164(11.4%) 21(10.8%) 143(11.5%) 0.761

SCLV, small cavity left ventricle; CPB, cardiopulmonary bypass; CABG, coronary artery bypass grafting surgery; AVR, aortic valve replacement; TVP, tricuspid

valve plasty; AFRA, atrial fibrillation radio frequency surgery; MAZE, cox-maze or mini maze surgery

Table 4. Distribution of size and type of prostheses

Size and prosthesis type SCLV group (N = 195) non-SCLV group (N = 1242) P-value
Mechanical prosthesis (N = 1242) 174(89.2%) 1068(86.0%) 0.219
23mm 2(1.1%) 3(0.3%) 0.093
25mm 77(44.2%) 292(27.3%) <0.001
27mm 84(48.3%) 684(64.0%) <0.001
29mm 11(6.3%) 85(8.0%) 0.453
31mm - 4(0.4%) -
Bioprosthesis (N = 195) 21(10.8%) 174(14.0%) 0.219
25mm 12(57.1%) 44(25.3%) 0.002
27mm 9(42.9%) 122(70.1%) 0.0M
29mm - 7(4.0%) -
31mm - 1(0.6%) -

SCLV, small cavity left ventricle

ventilation time, reintubation, intensive care unit (ICU)
time, postop stroke, postop atrial fibrillation, PPM, and
short-term mortality. (Table 5) Although the overall occur-
rence of PPM did not differ significantly between SCLV and
non-SCLV patients, the rate of severe PPM was higher in
the SCLV group (3.6% vs. 1.3%, P = 0.017). Also, there was
a small increase in hospitalization expense for the non-SCLV
patients. What’s more, 22 patients underwent reoperation,
but none of these reoperations were due to SCLV related
left ventricular outflow tract obstruction or rupture of the
left ventricle.

Altogether, eight (0.6%) patients died within 30 days after
surgery. Among them, four patients died due to malignant
arrhythmia or cardiac arrest, two patients died of severe
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systemic infection, one patient died of uncontrollable bleed-
ing, and one patient died of stroke. Among these deaths, three
patients had SCLV.

Logistic regression analysis showed that low preoperative
LVEF and previous cardiac surgery were independent fac-
tors predicting postoperative short-term all-cause mortal-
ity. However, SCLV, along with overall PPM, was not a risk
factor for short-term mortality. (Table 6)

SCLYV occurrence and patient characteristics: The inci-
dence of SCLV in our single-centered cohort was 13.57%. A
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Table 5. Postoperative outcomes

Total (N = 1437) SCLV group (N = 195) Non-SCLV group (N = 1242) P-value
Perioperative transfusion 482(33.5%) 59(30.2%) 423(34.0%) 0.296
Ventilation time, hr. 21(19-22) 21(20-23) 21(19-22) 0.372
Reintubation 5(0.3%) 0(0.0%) 5(0.4%) 0.375
Duration of first time ICU, hr. 72(72-96) 72(72-96) 72(72-96) 0.768
Reentering ICU 0(0.0%) 0(0.0%) 0(0.0%) 0.999
Chest tube output, ml 508.8+280.8 504.3+306.3 509.5+276.7 0.824
Reoperation for bleeding 22 (1.5%) 5(2.6%) 17(1.4%) 0.206
Surgical wound infection 3(0.2%) 0(0.0%) 3(0.2%) 0.492
Stroke 9(0.6%) 3(1.5%) 6(0.5%) 0.082
Newly onset AF 1(0.1%) 0(0.0%) 1(0.1%) 0.692
PPM 488(34.0%) 76(39.0%) 412(33.2%) 0.1M
Severe PPM 23(1.6%) 7(3.6%) 16(1.3%) 0.017
Mortality within 30 days 8(0.6%) 3(1.5%) 5(0.4%) 0.082
Hospitalization expense, USD 13275(11460-15448) 12818(10901-14957) 13334(11526-15506) 0.020
Length of stay, d 14(12-17) 14(12-17) 14(12-17) 0.41
SCLV, small cavity of left ventricle; ICU, intensive care unit; AF, atrial fibrillation; PPM prosthesis-patient mismatch
Table 6. Logistic regression analysis for post-operative short-term mortality
Factors Mean or % Odds ratio 95% ClI P-value
Preoperative LVEF 62.31 0.787 0.637-0.972 0.026
Previous cardiac surgery 2.4% 78.542 1.943-3175.315 0.021
SCLV 13.6% - - 0.998
PPM 34.0% - - 0.996

Cl, confidence interval; LVEF, left ventricular ejection fraction; SCLV, small cavity of left ventricle; PPM, prosthesis-patient mismatch

previous study from Popov etal., 2013, using EDV <75 ml as
a cut-off value for SCLV, reported incidences of SCLV to be
about 7.0% in patients undergoing MVR in a Ukrainian pop-
ulation [Popov 2013]. In the Asian population, especially the
Eastern Chinese population, mitral stenosis was considered
to occur more frequently than in western populations, due
to rheumatic causes. While mitral stenosis has been proven
to be associated with compromised left ventricle compliance
and reduced ventricular chamber size, due to cardiac remod-
eling (smallness) and mechanical constraint [Liu 1992], it is
not hard to conclude that the SCLV incidence in this study
population is sure to be higher.

It was also found that there were more female patients
in the SCLV group (79% female), consistent with previous
studies [Kou 2014; Popov 2013]. This also helped explain
the smaller body size of SCLV patients and the lower smok-
ing history of SCLV patients since smokers in China were

© 2020 Forum Multimedia Publishing, LLC

primarily male.

Moreover, it was noticed that the average LVEF in SCLV
patients was slightly higher than in non-SCLV patients
although not significantly (63.23+7.86 vs. 62.17+8.42, P =
0.100). It has long been demonstrated that mitral stenosis,
along with its restricted left ventricular compliance, does not
affect the systolic function of the left ventricle [Gash 1983].
However, the increased left ventricular preload, indicated by
the larger end-diastolic volume of the non-SCLV patients,
would to some extent cause the reduced ejection performance
[Mohan 1990].

Intraoperative data showed that the cross-clamp time was
shorter in the SCLV group. This might be explained because
less time was spent suturing the mitral prosthesis due to the
smaller mitral annulus diameter of the SCLV patients.

SCLV and patient outcome: Our results showed that
SCLYV did not affect major early postoperative complications
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or short-term mortality. Although 8(0.6%) patients died
during the short-term postoperative period, left ventricle rup-
ture and left ventricular outflow tract obstruction related to
SCLV was not detected. Logistic regression analysis showed
several independent factors predicting postoperative short-
term all-cause mortality, whereas SCLV was not one of them,
and PPM as well did not affect short-term mortality. In west-
ern populations, where degenerative mitral regurgitation is
the major etiology, the mitral annulus is often large. In these
patients, when SCLV occurs, the left ventricle compliance
will further be compromised, adding to an increasing risk of
left ventricle rupture that most often leads to postoperative
death. However, in patients with rheumatic mitral stenosis,
SCLV often is accompanied with a small-sized mitral annulus
and the left ventricle compliance remains. Thus, the risk of
left ventricle rupture is limited.

Clinical implication for East Asian population: In East
Asian populations, the dominating causes for mitral valve dis-
eases were rheumatic causes. For this group of patients, mitral
stenosis was more common and SCLV remained at a high
incidence. However, the body surface area of these patients
was also smaller, therefore, the incidence of PPM might not
be significantly elevated. In this study, results showed that
the overall occurrence of PPM did not differ significantly
between SCLV and non-SCLV patients, but the rate of severe
PPM was higher in the SCLV group. However, our previ-
ous research demonstrated that although mitral PPM was
associated with small left ventricle, it was not associated with
poorer early- and mid-term outcomes after MVR in patients
with rheumatic mitral valve disease [Akuffu 2018]. As results
of this study also showed that SCLV did not increase adverse
outcomes following MVR, we did not suggest an aggres-
sive implantation of larger-sized mitral prostheses in these
patients to avoid PPM. Aggressive implantation of a large-
sized prosthesis by excessive excision of chordae and sub-
valvular apparatus might compromise the effective cardiac
muscular contraction of the left ventricle, leading to left ven-
tricular systolic dysfunction or, even worse, add to the risk of
left ventricular rupture.

Limitations of the study: There are several limitations of
the study that must be declared. First, this is a retrospective
analysis. As an inherent disadvantage, the recorded differ-
ences in patient outcomes could have originated from smaller
recorded or unrecorded differences between SCLV and non-
SCLV patients. Second, EOA was predicted by reference
tables, which may not reflect the actual in vivo values of the
EOA: in defining PPM. Moreover, this is a single-centered
short-term study, and the sample size and follow-up time
were limited. Therefore, a randomized prospective multi-
centered clinical trial is needed for further evaluation of the

effects of SCLV.

Our results demonstrated that SCLV was not associ-
ated with poorer early outcomes after MVR surgery in
patients with rheumatic mitral valve diseases. An aggressive
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implantation of a large prosthesis should carefully be weighed
before implementation.
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