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ABSTRACT

Background

Valvular heart disease presents a unique set of conditions during pregnancy and delivery with the
potential of adverse outcomes complicated by prior interventions and anticoagulation. The aim
of this study was to describe the profile and outcomes of obstetric valvular heart disease patients

who delivered via caesarean section at Charlotte Maxeke Johannesburg Academic Hospital.
Methods

A retrospective study was done using patient record files, anaesthetics forms and
echocardiogram reports. The study period was a 5-year review from January 2016 to December
2020.

Results

Sixty-nine patients were included. The mean age + SD of the patients in this study was 30.1 =
5.6 years. A total of 83% had gravidity of 1-3 and 90% parity of 0-2. Majority of patients (57%)
had elective caesarean section. General anaesthesia was the most common mode used and
majority of patients had fixed interval analgesia (FIA) mode of analgesia postoperatively. 40.5%
of the patients were on anticoagulants. A significantly higher percentage of those who needed
anticoagulation (46%) had poorer outcomes when compared to those who did not (7%),
(P<0.001). The was a univariable association between adverse maternal outcome and NYHA
class and lack of use of anticoagulants [aOR 3.77, 95%CI 1.45 — 9.79, P=0.006 and aOR 0.11,
95%CI 0.018 — 0.67, P=0.017, respectively]. Low ejection fraction was univariably associated
with adverse foetal outcome, uUOR 0.94, 95%CI 0.90 — 0.99, P=0.032. One (1%) foetus demised.

Conclusion

Patients were younger and in relatively good functional status. They carried the pregnancies to
term. Patients did experience adverse outcome related to bleeding and arrythmias predominantly,
but none demised. One neonate was lost. A structured care plan for these patients, based on a

multidisciplinary approach, to afford prehabilitation is necessary.
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DRAFT ARTICLE

Introduction

The incidence of cardiac disease in pregnancy is estimated to be in the range of 1-1.5% (1, 2).
Cardiac disease still represents a significant cause of poor maternal and foetal outcomes in
pregnancy (2, 3). Valvular heart disease related to rheumatic fever has declined in high-income

countries but remains a significant health problem in low-income countries (2, 4).

Valvular heart disease impacts the heart and the body’s ability to cope with the normal
physiological changes of pregnancy (5, 6). It also often exacerbates the physiological changes of
pregnancy, with most patients being diagnosed for the first time with valvular heart disease
during the pregnancy (7-9).

Many complications have been associated with the disease in pregnancy such as: thrombo-
embolism, cardiac arrhythmias, pulmonary oedema, and bleeding post caesarean section due to
the use of anticoagulation (2, 10, 11). Valvular heart disease has considerable effects on foetal
outcomes and can result in preterm birth, respiratory distress, low birth weight even at term,
increased resuscitation rates in severely preterm babies, and foetal demise (11, 12).

The role of a multidisciplinary team in these often challenging patients is not only to ensure that
the patient can tolerate the challenges of pregnancy and delivery, but also to ensure survival in

the postoperative period and beyond (4, 15).

Data on perioperative outcomes of valvular heart disease in pregnancy in Sub-Saharan Africa is
sparse. Knowledge is required on the perioperative course of valvular heart disease patients for
management protocols to be developed to assist with the management in our resource limited
settings. This study is aimed at evaluating the perioperative outcomes in obstetric valvular heart
disease patients post caesarean section in the Department of Anaesthesia at Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH).

10



Methods

This study was a descriptive retrospective study. The data in this study was collected from
CMJAH (single centre). The study population consisted of obstetric patients with valvular heart
disease who delivered by caesarean section over a period of 5 years from January 2016 -
December 2020. The patient information utilised in this study was obtained from anaesthetic

charts, patient record files and echocardiographic reports.

A total of 69 patients were included. No patients were excluded from this study for the study
period. Permission to perform the study was obtained from CMJAH and the Human Research
Ethics Committee (HREC) of the University of the Witwatersrand, research number M200751.
Data were collected by the primary investigator. Patient information was de-identified and
confidentiality maintained. The patient data is currently stored securely in a locked cabinet in a

secure building.

Statistical analysis

Data were collected on a Microsoft excel spreadsheet. Frequency and percentages were used to
describe demographic data. Clinical and outcome data were reported as mean (SD) if normally
distributed and median (IQR) if not normally distributed. Associations between patient
characteristics and outcomes were determined using Fisher’s Exact test, and the Wilcoxon-
Ranksum test depending on the data distribution. A regression analysis was conducted to
determine univariable associations with maternal and foetal outcomes. Those factors with P<0.1
were included into a multivariable regression analysis model. P values of <0.05 were accepted as

significant.

Results

The total number of records analysed were 69. The valve lesions ranged from isolated mitral,
tricuspid, pulmonary and aortic valves, to mixed valve lesions (Figure 1). Patients had a

caesarean section under regional anaesthesia (spinal/epidural), general anaesthesia or a combined
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technique. The mean age £ SD of the patients was 30.1 + 5.6 with a range of 18- 41yrs (Table 1).

Ninety percent (n= 62) of patients were of the Black race. A total of 83% had gravidity of 1-3

and 90% parity of 0-2. Most neonates were born at term (75%) with a median (IQR) gestation of

37 (36-38) weeks. Majority of patients (57%) had elective caesarean section whilst 43% had
emergency caesarean section. General anaesthesia was the most used mode and majority of

patients had fixed interval analgesia (FIA) postoperatively. Approximately half of the patients

(40.5%) were on anticoagulants.

Jan 2016-Dec 2020

v

Nil patients excluded

MR 17(25%) MMVD 9(13%) TR 3(4%) PVR 2(3%)
MS 11(16%) MAVD 2(3%) PR 2(3%) MV Replacement 3(4%)

AR 5(7%) MV Repair 3(4%) MV Prolapse 3(4%) Triple valve disease 2(3%)
PS 6(9%) DVD 1(2%)

69 patients included

|

NYHA 1- 23(23%) NYHA 2- 32(46%)
NYHA 3- 7(10%) NYHA 4- 6(9%)

Figure 1 Flow diagram of the study data
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A predominantly larger proportion of patients had mild to moderate valvular disease 62%,
whereas 26% presented with severe disease (Table 2). The cause of the valvular heart disease
was predominantly rheumatic in nature as opposed to congenital pathology, 75% vs 25%

respectively.

13



Table 1 Patients characteristics

Parameters N (%)
Age (Years) 16 -25 18 (26)
2635 36 (52)
36-45 15 (22)
Ethnicity Black 62 (90)
Coloured 2(3)
Caucasian 3(4)
Asian 2(3)
Gravidity 1-3 57 (83)
4-6 9(13)
7-9 34
Parity 0-2 62 (90)
3-5 6(9)
6-8 1(1)
Gestational age 28 — 32 weeks 5(7)
33 — 36 weeks 12 (17)
37 — 42 weeks 52 (75)
Elective/Emergency Elective 39 (57)
Emergency 30 (43)
Mode of anaesthesia Spinal 23 (33)
Epidural 8 (12)
General Anaesthesia 34 (49)
Unknown 1(1)
Spinal + GA 2(3)
Epidural + GA 1(1)
Post-op analgesia Epidural 4 (6)
Spinal 2(3)
FIA 36 (52)
Unknown 1(1)
Spinal + Fixed 22 (32)
Epidural + Fixed 4(6)
Surgeon level of experience MO 3(4)
Registrar 33 (48)
Consultant 29 (42)
Unknown 4 (6)
Anti-coagulant On Anti-coagulation 28 (41)

*FIA — Fixed interval analgesia, MO — medical officer, GA — General anaesthesia.

The data in table 2 shows that NYHA classes 1 and 2 represented 79% of patients and also shows

that 84% of patients had not had any surgical intervention for their cardiac pathology prior to the

caesarean section.
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Table 2 Presenting Cardiac Pathology

Parameters N (%)
Lesion Severity Mild 29 (42)
Moderate 14 (20)
Severe 18 (26)
Severity unknown 8 (12)
Congenital/Acquired Congenital 17 (25)
Acquired 52 (75)
NYHA Class 1 23(33)
2 32 (46)
3 7 (10)
4 6 (9)
Unknown 1(2)
Prosthetic/Native valve Tissue 3(4)
Mechanical 4 (6)
Valvuloplasty 2(3)
Native valve 58 (84)
Unknown cardiac intervention 2(3)

*NYHA- New York Heart Association

Table 3 details the different predominant valvular lesions reported. Mitral valve disease
accounted for most of the predominant lesions and tricuspid valve disease was the least reported.
A total of 42% of patients with MS presented with a mitral valve area (MVA) of less than 1.5cm?
(Table 3).

Cardiac arrhythmias and bleeding were the leading complications at rates of 9% each (Table 4).
Nineteen patients (27%) were cared for in ICU postoperatively, 35 (51%) were in high care, and
15 (22%) at the general ward. None of the patients died in hospital. Majority of the neonates
were born at term (75%), at normal birth weight of > 2500 gram (68%) (Table 6). Respiratory

distress at birth occurred in 14 (20%) neonates and 1 (1%) foetus demised.
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Table 3. Predominant cardiac lesions and echocardiography parameters

Parameter N (%)
Mitral regurgitation 20 (29)
Mitral stenosis 11 (16)
Mixed mitral valve disease 9 (13)
Mitral valve replacement previous 3(4)
Muitral valve repair previous 3(4)
Pulmonary stenosis 6 (9)
Pulmonary valve replacement 2(3)
Pulmonary regurgitation 2(3)
Aortic regurgitation 5(7)
Mixed aortic valve disease 3(4)
Tricuspid regurgitation 3(4)
Triple valve disease 2(3)
Ejection fraction (%) <50 7 (10)
50 — 55 7 (10)
56 — 65 31 (46)
66— 75 18 (27)
76 -85 5(7)
MVA (cm?) 05-15 10 (42)
16-25 10 (42)
26-4 4 (16)
Pulmonary arterial pressure (mmHg) 25-30 4 (20)
31-40 5 (25)
41-50 7(35)
51-60 4 (20)

*MVA — Mitral valve area

There was a significant univariable association between NYHA and those not on anticoagulation
with adverse maternal outcome [UOR 3.22, 95%CI 1.56 — 6.66, P= 0.002] [UOR 0.075, 95%ClI
0.026 — 0.42, P=0.002], respectively. Both factors remained significant in an adjusted model
(Table 5). EF was the only factor univariably associated with adverse foetal outcome [UOR 0.94,
95%CI 0.90 — 0.99, P=0.032] (Figure 2).
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Table 4 Maternal and foetal outcomes

Parameters N (%0)
Bleeding 6 (9)
Thrombo-embolism 0(0)
Cardiac-arrythmias 6 (9)
Cardiac failure 5(7)
Pulmonary oedema 1(1)
In-hospital mortality 0(0)
Post-operative stay ICU 19 (27)
High care 35(51)
Ward 15 (22)
Birth weight < 15009 2(3)
15009 — 2 4999 19 (28)
> 2 5009 47 (68)
Unknown 1(1)
Maturity at delivery 28 — 32 weeks 5(7)
33 — 36 weeks 12 (17)
> 37 weeks 52 (75)
Respiratory distress 14 (20)
Foetal demise 1(1)

*ICU — Intensive care unit

The most used method of post-operative analgesia was fixed interval analgesia (FIA) 52%.
Majority of patients 49% had a general anaesthetic, however, there was an insignificant

relationship between the mode of anaesthesia with poor maternal outcomes (>0.1).



Table 5 Factors associated with maternal and foetal outcomes

Parameter UOR (95% CI) p-value AOR (95% CI) p-value
Age in years 1.09 (0.97 -1.21) 0.14
Gravidity 1.01 (0.70 — 1.49) 0.93
Parity 0.98 (0.60 — 1.60) 0.95
Acquired or Rheumatic 1 (reference) 1 (reference)
congenital Congenital 0.17 (0.02 - 1.40) 0.10 0.26 (0.019 - 0.35) 0.31
NYHA class 3.22 (1.56 - 6.66) 0.002 3.77 (1.45-9.79) 0.006
EF % 0.98 (0.93 - 1.04) 0.55
Anticoagulant Yes 1 (reference) 1 (reference)

No 0.075 (0.026 — 0.42) 0.002 0.11 (0.018 - 0.67) 0.017
Elective/ Elective 1 (reference)
Emergency Emergency 0.39(0.11-1.38) 0.15
Age in years 1.02 (0.94 - 1.11) 0.64
Gravidity 1.09 (0.79 — 1.50) 0.60
Parity 0.89 (0.59 — 1.34) 0.58
Acquired or Rheumatic 1 (reference)
congenital Congenital 0.82 (0.26 —2.48) 0.72
NYHA class 1.15 (0.67 — 1.96) 0.62
EF % 0.94 (0.90 - 0.99) 0.032 0.96 (0.90 - 1.01) 0.12
Anticoagulant Yes 1 (reference) 1 (reference)

No 0.43(0.16 — 1.16) 0.094 0.55 (0.17 - 1.77) 0.32
Elective/ Elective 1 (reference)
Emergency Emergency 1.13 (0.44 — 2.95) 0.82

*NYHA — New York Heart Association
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Mother Adjusted Odds Ratio Foetal Adjusted Odds Ratio
and 95% Confidende Interval and 95% Confidende Interval
Age o >
Gravidity —4— 10—
Parity —o— —o—
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Figure 2 Forest plot of factors predictive of adverse foeto-maternal outcome.

Discussion

The patients in our study were young, mean age of 31 years (9). Majority were Black with low
gravidity and parity. They seemed to carry the pregnancy to term successfully as a large
proportion of patients were in NYHA 1-2, with mild to moderate disease. Symptoms of valvular
heart disease are often unmasked during the pregnancy due to exacerbation of the physiological

changes of pregnancy (7-9).

Higher classes of NYHA were associated with adverse maternal outcome, whereas low EF
adversely affected foetal outcome. However, majority of our patients (90%) had normal EF,
making the extrapolation difficult. Similar to our outcomes, it has been shown that severity of
maternal disease affects foetal outcome (1). The presence of heart disease, more especially in
those with a high NYHA class, have been shown to be associated with the highest risk of

maternal and foetal morbidity and mortality (13, 14).

Of concern was that most were not on anticoagulants and this factor had a significant univariable

association with adverse outcome. Despite this, the leading complication was haemorrhage
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postoperatively. Patients were predominantly cared for in ICU or HCU. The nature of the cardiac
lesions was predominantly acquired compared to congenital. This reflects an ongoing rheumatic

heart disease state in our communities.

Majority of patients in this study had no cardiac surgical intervention prior to this pregnancy,
possibly because many of them were only diagnosed with cardiac pathology during the
pregnancy. This may be due to limitations in access to health care services in our country similar
to that reported in low-income countries (1, 12). The predominant lesion in our study was mitral
valve disease, which is patho-pneumonic of rheumatic heart disease as it known to
predominantly affect the mitral valve (4). Of those with MS, 7 (64%) had critical stenosis.
Within those with pulmonary hypertension, 2 (10%) had severe PHT.

In this currently study, complications such as postpartum haemorrhage (9%) and cardiac
arrhythmias (9%), which have been reported in previous studies, were present in our patients
(10,12). The type of anaesthetic, timing of surgery, level of qualification of surgeon, urgency of
the procedure, parity or gravidity seemed to have no bearing on outcomes. The choice of
regional or general anaesthetic, is often determined by the patient’s haemodynamic stability and
goals associated with each valve lesion (10, 16). Perhaps the reason why most had general

anaesthesia.

Conclusion

However, it is evident that patients were younger and in relatively good functional status
considering their valve lesions, affording them progress to term labour. Patients did experience
adverse outcomes related to bleeding and arrythmias predominantly, but none demised. One
neonate was lost. A structured care plan for these patients, based on a multidisciplinary
approach, is necessary. Our cohort over 5 years was small. Data therefore cannot be extrapolated

to the whole population

20



References

1. Sawhney H, Aggarwal N, Suri V, Vasishta K, Sharma Y, Grover A. Maternal and
perinatal outcome in rheumatic heart disease. Int J Gynaecol Obstet. 2003;80(1):9-14. DOI:
10.1016/50020-7292(02)00029-2

2. Abdel-Hady ES, EI-Shamy M, EI-Rifai AA, Goda H, Abdel-Samad A, Moussa S.
Maternal and perinatal outcome of pregnancies complicated by cardiac disease. Int J Gynaecol
Obstet. 2005;90(1):21-5. DOI: 10.1016/j.ijg0.2005.03.008

3. Luthra A, Bajaj R, Jafra A, Jangra K, Arya VK. Anesthesia in pregnancy with heart
disease. Saudi J Anaesth. 2017;11(4):454-71. DOI: 10.4103/sja.SJA 277 _17

4. Sartain JB, Anderson NL, Barry JJ, Boyd PT, Howat PW. Rheumatic heart disease in
pregnancy: cardiac and obstetric outcomes. Intern Med J. 2012;42(9):978-84. DOI:
10.1111/j.1445-5994.2012.02725.x

5. Anthony J, Osman A, Sani MU. Valvular heart disease in pregnancy. Cardiovasc J Afr.
2016;27(2):111-8. DOI: 10.5830/cvja-2016-052

6. Lesniak-Sobelga A, Tracz W, KostKiewicz M, Podolec P, Pasowicz M. Clinical and
echocardiographic assessment of pregnant patients with valvular heart diseases--maternal and
fetal outcome. Int J Cardiol. 2004;94(1):15-23. DOI: 10.1016/j.ijcard.2003.03.017

7. Siu SC, Colman JM, Sorensen S, Smallhorn JF, Farine D, Amankwah KS, et al. Adverse
neonatal and cardiac outcomes are more common in pregnant patients with cardiac disease.
Circulation. 2002;105(18):2179-84. DOI: 10.1161/01.cir.0000015699.48605.08

8. Wolfe DS, Hameed AB, Taub CC, Zaidi AN, Bortnick AE. Addressing maternal
mortality: the pregnant cardiac patient. American Journal of Obstetrics & Gynecology.
2019;220(2):167.e1-.e8. DOI: 10.1016/j.aj0og.2018.09.035

9. Sobhani NC, Schultz H, Kheiwa A, Killion M, Parikh NI, Harris IS, et al. Contraceptive
Choices in the Immediate Postpartum Period in Patients With Cardiac Disease. Am J Cardiol.
2019;123(8):1364-9. DOI: 10.1016/j.amjcard.2019.01.006

10. Nanna M, Stergiopoulos K. Pregnancy complicated by valvular heart disease: an update.
J Am Heart Assoc. 2014;3(3):e000712. DOI: 10.1161/jaha.113.000712

11. Perelshtein Brezinov O, Simchen MJ, Ben Zekry S, Kuperstein R. Maternal and Neonatal
Complications of Pregnant Patients with Mitral Stenosis. Isr Med Assoc J. 2019;21(2):88-93.

21



URL.: https://www.ima.org.il/FilesUploadPublic/IMAJ/0/333/166576.pdf. Date accessed
27/11/2019.

12. Diao M, Kane A, Ndiaye MB, Mbaye A, Bodian M, Dia MM, et al. Pregnancy in women
with heart disease in sub-Saharan Africa. Arch Cardiovasc Dis. 2011;104(6-7):370-4. DOI:
10.1016/j.acvd2011.04.001

13. Drenthen W, Boersma E, Balci A, Moons P, Roos-Hesselink JW, Mulder BJ, et al.
Predictors of pregnancy complications in women with congenital heart disease. Eur Heart J.
2010;31(17):2124-32. DOI: 10.1093./eurheartj/ehq200

14. Dua S, Maurtua MA, Cywinski JB, Deogaonkar A, Waters JH, Dolak JA. Anesthetic
management for emergency cesarean section in a patient with severe valvular disease and
preeclampsia. Int J Obstet Anesth. 2006;15(3):250-3. DOI: 10.1016/j.ijoa.2005.10.016

15.  Joubert I, Dyer R. Anaesthesia for the pregnant patient with acquired valvular heart
disease. Update in Anaesthesia. 2005:15-20. URL.:
https://pdfs.sementicscholar.org/fca0/9cf8be3738dc3cabddd639e335¢82¢54df58.pdf?
0a=2.219079257.1160952315.1584119507-50037953.1584119507. Date accessed 15/11/2019
16.  Chohan U, Afshan G, Mone A. Anaesthesia for caesarean section in patients with cardiac
disease. J Pak Med Assoc. 2006;56(1):32-8. DOI: 10.1.1.550.9125

22



APPENDICES

Proposal

Post caesarean section outcomes of obstetric valvular heart disease patients at
Charlotte Maxeke Johannesburg Academic Hospital

Ntombizabanguni Glory Mfeka

Student No: 0717447W

Supervisor: Dr. Amanda Nkuna

Department of Anaesthesiology

Co-supervisor: Dr. Palesa Motsabi

Department of Anaesthesiology

Co-supervisor: Dr. Haroun Rhemtula

Department of Obstetrics and Gynaecology

23



Table of Contents

1. Introduction

1.1 Mitral stenosis in pregnancy
1.2 Aortic stenosis in pregnancy
1.3 Tricuspid and pulmonary stenosis in pregnancy
1.4 Mitral regurgitation in pregnancy
1.5 Aortic regurgitation in pregnancy
1.6 Tricuspid and pulmonary regurgitation in pregnancy
1.7 Prosthetic valves in pregnhancy
1.8 Congenital valve lesions in pregnancy
1.9 Analgesia
1.10 Outcomes of valvular heart disease in pregnancy
2. Research assumptions
3. Problem statement
4. Study aims
5. Study objectives
6. Study methodology
7. Data collection and analysis
8. Ethical considerations
9. Validity and reliability
10. Potential limitations
11. Project outline

12. Financial plan

13. References

25
28

29

30

30

31

32

33

34

35

36

37

37

37

37

39

39

40

40

41

42
43

24



1. Introduction

The declaration of the millennium development goals, aiming for a reduction in
worldwide maternal deaths by 75%, has put maternal health as a priority subject (1).
Cardiac disease in pregnancy has been highlighted as one of the leading causes of
poor outcomes (1, 2). Cardiac disease remains as one of the leading causes of foetal
and maternal morbidity and mortality especially in low income countries (2, 3).
Management of these patients require a multidisciplinary approach consisting at the
least, of a cardiologist, an obstetrician, and an anaesthesiologist, all with experience in

managing high risk pregnancies in women with cardiac disease (1, 3).

The physiological haemodynamic changes of pregnancy may mimic cardiovascular
disease, therefore careful examination of the cardiovascular system is imperative during
pregnancy (1). Changes occurring in pregnancy at the beginning of the second trimester
and peaking during the third trimester include: an increase in cardiac output, volume
overload, decreased systemic vascular resistance, an increase in stroke volume, 15-
20% increase in heart rate, and an increase in left ventricular end diastolic volume (1,
2).

The prevalence of cardiovascular disease in pregnancy has been reported to be 1-3%
(2) in high income countries and higher (5.9%) in low income countries (4). It is reported
to be accountable for more than 10-15% of maternal deaths (1, 2). Valvular heart
disease in pregnancy was found mostly to be from congenital heart disease in high
income countries whilst rheumatic heart disease was found to be responsible for more
than 90% of the cases in low income countries (2, 3, 5). In a Cape Town study in South
Africa by Anthony et al (5), it is reported that the high incidence of rheumatic valvular
heart disease in sub-Saharan Africa is most likely due to socio-economic conditions,

overcrowding and limited access to medical care.

Many women are diagnosed with cardiac disease during pregnancy (2, 6). This has
been postulated to be due to the increased burden of haemodynamic changes in
pregnancy that unmask or worsen the symptoms of pre-existing cardiac disease (2,
6).This has led to increased numbers of patients with no previous work-up with an index

presentation during pregnancy (5).
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Studies have reported a high mortality rate in patients with severe valvular heart
disease in the postpartum period, mortality rates of 26% in South Africa(5), An

American study reports the mortality rate to be 50% in Africa (2).

Cardiac disease is not the most common disease in pregnancy, it does however
contribute significantly to maternal morbidity and mortality (2).In a study in Senegal (7)
on maternal outcomes in sub-Saharan Africa, a number of predictive factors for adverse
outcomes in women with rheumatic heart disease were found. Mitral stenosis, severe
tricuspid regurgitation, NYHA functional class Ill or IV, and symptoms of heart failure,
were the leading predictive factors associated with maternal mortality (7). This was
correlated by Hameed et al (8) who found increased maternal morbidity and
unfavourable foetal outcomes in women with moderate and severe mitral and aortic

stenosis.

There are increased complications associated with valvular heart disease in pregnancy
that affect both mother and baby. The complications include maternal complications
such as: pulmonary oedema; pulmonary hypertension; heart failure; arrhythmias;
thromboembolism; stroke; and death (6). Foetal complications may also arise as
consequence of maternal valvular heart disease and include: growth restriction;

respiratory distress; preterm birth; low birth weight; and foetal or neonatal death (2, 6).

Studies have reported marked differences between epidemiology of valvular heart
disease in African low income countries compared to high income countries (9). In a
study in Senegal (7), 92% of hospitalisation due to heart disease were in women as a
result of rheumatic heart valve disease. In addition to epidemiological differences, the
mortality rate is also reported to be much higher in African low income centres at 50%
compared to 3% in high income centres (9). These differences in mortality rate are
reported to be due to early diagnosis and intervention before complications in high

income countries (9).

The high mortality rate of pregnant patients with valvular heart disease has led to the
development of risk stratification tools to identify patients at high risk of morbidity and
mortality (10). The Cardiac Disease in Pregnancy | study (CARPREG 1) (1) described
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ante-partum predictors such as cardiac events, arrythmias and prior New York Heart
Association (NYHA) functional classes 3-4 as predictive.

The CARPREG Il study (11) identified 10 predictors; prior cardiac events or
arrhythmias; baseline NYHA IlI-1V or cyanoses; mechanical valve; ventricular
dysfunction; high risk left-sided valve disease; pulmonary hypertension; coronary artery
disease; high risk aortopathy; no prior cardiac intervention and; late pregnancy

assessment.

“ZAHARA which is exclusively for adults with congenital heart disease, modelling risk
for 8 conditions” (1). The validated World Health Organization (WHO) guidelines (12)
which incorporated the European Society of Cardiology (ESC) guidelines in 2012 (12)
are some such tools which have been developed to assist physicians to identify high

risk patients (12).

In a South African study in Cape Town Joubert et al (13) used a modified table from
Reimold and Rutherford (13) for classification of valvular heart lesions. This table
included the following variables: maternal age, previous heart failure, previous stroke or
transient ischaemic attack, multiple gestation, smoking during pregnancy, use of
anticoagulant therapy throughout pregnancy and the different valvular heart lesions and
their severity. This table assisted in classifying valvular heart lesions according to

maternal, foetal, and neonatal risk.

Vaginal delivery remains the standard mode of delivery in patients where it is not
contraindicated. For those patients who require operative delivery for obstetric or
cardiac reasons, it has been found that elective caesarean section has better outcomes
than emergency caesarean section (14). Emergency caesarean section is associated
with higher post-operative complications. These are reported as increased fever rate,
increased cases of urinary tract infection, poor wound healing and longer hospital stay
(14).

The rate of post-partum haemorrhage was reportedly not significantly different in

elective vs emergency caesarean section in patients with valvular heart disease (15).
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On the contrary, Suwal et al (14) found that postpartum haemorrhage was more

commonly seen in elective caesarean sections in their study in Nepal.

1.1 Mitral stenosis in pregnancy

Mitral stenosis is the most common valvular heart lesion in pregnancy resulting as a

complication from rheumatic heart disease (16).

In the study by Wolfe et al (1) it is postulated to present in approximately 63% of
women of childbearing age. Mitral stenosis is poorly tolerated in pregnancy (5). The
symptoms of mitral stenosis are related to the degree of stenosis; those with severe

disease experiencing the worst symptoms (5).

The spectrum of presentation can be asymptomatic in mild mitral stenosis to
experiencing dyspnoea; orthopnoea; paroxysmal nocturnal dyspnoea and frank heart
failure (5, 16). In the study by Saxena et al (17) in India it is reported that pregnancy

results in a poorer NYHA functional class due to the increase in cardiac output.

The basic principles of management of patients with mitral stenosis outweighs the mode
itself (18). Single shot neuraxial anaesthesia has not been advocated for in the literature
because of its sudden sympathectomy which decreases systemic vascular resistance
and leads to adverse outcomes in patients with mitral valve stenosis (18). Graded
epidurals are favoured in some centres as this causes a less rapid decrease in systemic
vascular resistance due to the gradual onset of the block (4, 18, 19). This is in contrast

to spinal and general anaesthesia.

General anaesthesia is usually preferred for those patients with severe mitral stenosis
(17). This mode of anaesthesia needs to be managed aggressively. Prevention or early
correction of abnormal cardiac rhythms; prevention of increased ventricular rates due to
pain; intubation and extubation responses; and prevention of rapid and sudden
decreases in systemic vascular resistance from the effects of volatile agents when used
are imperative (4). Prevention of sudden increase in blood volume post ventilation,
hypoxia and hyperventilation resulting in increased pulmonary artery pressures, is also

important (4). General anaesthesia may be performed in cases where patients have
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known contraindications to neuraxial anaesthesia and cannot have neuraxial

anaesthesia for obstetric reasons (6).

1.2 Aortic stenosis in pregnancy

Aortic valve disease is uncommon in obstetric patients. When present the condition is
often due to congenital bicuspid valve (5). Unlike mitral stenosis, aortic stenosis is
usually diagnosed pre-pregnancy giving room for optimization of the patient prior to

pregnancy.

Patients with mild or asymptomatic disease during exercise testing have been noted to
tolerate pregnancy better than those who have moderate to severe symptomatic

disease (5).

Similar to mitral stenosis, the symptoms of aortic stenosis increase as the degree of
stenosis increases. Symptoms are worst in patients with a total valve area less than 1
cm? (16).

The symptoms can range from dyspnoea, chest pain, syncope and a reduction or failure
to increase transvalvular gradient (in pregnancy it should usually increase by 20%) (5).
Patients with aortic valve disease often cannot tolerate tachycardia, decreased systemic
vascular resistance and hypotension as these factors all have an effect on cardiac
output (13).

The mode of anaesthesia is not as important as following the general principles of
management of aortic valve stenosis (4). Most authors have advocated the use of
epidural anaesthesia or a combined spinal epidural for these patients as these modes
have been shown to have a favourable haemodynamic control (4). General anaesthesia
is advised against except where there is an obstetric indication as the intubation and
extubation responses increase heart rate and systemic vascular resistance affecting
cardiac output and coronary perfusion negatively (4). As hypotension is an effect of
almost all anaesthetic agents, phenylephrine has been recommended as the
vasopressor of choice, as it causes peripheral vasoconstriction without a tachycardia

which is a desired effect when dealing with aortic stenosis (13).
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1.3 Tricuspid and pulmonary stenosis in pregnancy

The tricuspid and pulmonary valves are rarely affected alone in the pregnant patient but
rather present as part of mixed valvular heart disease. The effects of these lesions if

alone are well tolerated in pregnancy.

However in mixed valvular heart disease their effects are additive. The predominant
symptoms that the patient will experience will be those of the dominant lesion (4, 5).

Tricuspid and pulmonary stenosis will usually present with signs of right heart failure (2).

In severe tricuspid and pulmonary stenosis single shot spinal is not recommended as
venous pooling may result in decreased venous return with resultant deleterious effects.
A graded epidural anaesthesia is recommended with maintenance of preload,
contractility and afterload. General anaesthesia may also be carried out however it
carries a higher risk of unwanted side effects such as hypothermia, hypercarbia,

acidosis and hypoxaemia (13).

1.4 Mitral regurgitation in pregnancy

Mitral regurgitation may occur as a consequence of valve prolapse, rheumatic fever,
endocarditis and left ventricular dilatation within a structurally normal valve (16).Mitral
regurgitation causes left ventricular damming and dilatation which ultimately leads to left

heart failure and pulmonary oedema (5, 16).

Mitral regurgitation unlike stenosis is well tolerated in pregnancy as the physiological
changes of pregnancy may actually assist to ameliorate symptoms of regurgitation (5,
13). The physiological changes of pregnancy most helpful in regurgitation include a
substantial decrease in systemic vascular resistance which would encourage forward
flow of blood, an increased heart rate that helps to decrease the regurgitant fraction,
these effects help to increase the left ventricular end diastolic volume and improves
overall hemodynamics (5). Of concern is the risk of a hypercoagulable state in
pregnancy which, according to Chohan et al (16) lead to systemic embolism as a

complication in up to 20% of patients with mitral regurgitation (16).
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In general, as mitral regurgitation is well tolerated in pregnancy, the mode of
anaesthesia is determined by physician experience as spinal, general anaesthesia or
epidural may be carried out (16). There is a preference towards graded epidural in the

literature (2).

The overall goals of management of mitral regurgitation should be to prevent
bradycardia, decrease systemic vascular resistance, avoid pulmonary congestion and

keep the patient in sinus rhythm (16).

1.5 Aortic regurgitation in pregnancy

Aortic regurgitation is often related to mitral regurgitation in incidence and cause; aortic
regurgitation may be a consequence of endocarditis, structurally abnormal valve leaflets
or may be due to a dilated aorta leading to functional regurgitation (2, 10). However it is
reported that the leading cause is still rheumatic fever in approximately 75% of cases
(16).

Aortic regurgitation is often accompanied by con-comitant mitral regurgitation (5). The
effects of the regurgitation are a dysfunctional overloaded dilated left ventricle which
leads to backflow of blood and pulmonary oedema (2). Surgical intervention for valve

repair is rarely necessary during pregnancy (2, 5).

The general anaesthetic considerations are to prevent conditions that increase the
regurgitant fraction and improve coronary perfusion (13). Bradycardia, increased
systemic vascular resistance, decrease pain and avoidance of volume overload are
some of the management principles (13). Neuraxial anaesthesia is favourable in these
patients as it causes a decrease in systemic vascular resistance, and where a
vasopressor is required, phenylephrine is best avoided as it is associated with
bradycardia that is not well tolerated (13).

1.6 Tricuspid and pulmonary regurgitation in pregnancy

Tricuspid regurgitation, similar to aortic regurgitation, is rarely significant in the absence

of ventricular dysfunction and is well tolerated in pregnancy (2). Extensive intervention
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is not required and the lesion is rarely corrected during pregnancy with the exception of

Ebstein’s anomaly with associated decompensation (2).

Pulmonary regurgitation may be a sequel of previously repaired Tetralogy of Fallot or as
a complication of stenosis treated by balloon valvuloplasty.

It is severe when combined with right ventricular dysfunction.

The normal physiology of pregnancy may aggravate right ventricular dilatation and
precipitate right heart failure.(2)As previously mentioned isolated tricuspid or pulmonary
regurgitation is rare and is not commonly due to rheumatic fever (5). When is does
occur it is usually as part of a mixed valvular heart disease, the mode of anaesthesia
here will be determined by the dominant lesion which is usually mitral stenosis or
regurgitation and anaesthesia will be as mentioned for these valvular heart lesions
above (2, 5).

1.7 Prosthetic valves in the pregnant patient

The definitive management of patients with valvular heart disease is often surgical
replacement of the valve (20). This can be achieved by replacing the valve either with a
mechanical, a bio prosthetic, or an autograft valve (20). The choice of valve best for the
patient would depend on patient choice, child bearing age, severity of disease and the
risk of thrombo-embolic events (2, 5).Prosthetic heart valves are prone to a set of
complications including thrombosis, sepsis, endocarditis, regurgitation or stenosis

despite surgical intervention (2, 5, 20).

Anticoagulation is extremely important for patients with prosthetic valves (13). The risk
of prosthetic valve thrombosis increases from 0.1%-5.7% in the non-pregnant patient to
10% in pregnancy (2). Literature suggests that there are no optimal agents for pregnant

patients with prosthetic valves (2, 13).

The risk of thromboembolic events differs from 3.9% when warfarin is used alone in the
first trimester; to 9.2% when heparin is used in the first trimester followed thereafter by
warfarin; 25% when heparin is used throughout pregnancy; and 10.3% when
unfractionated heparin is used in the first trimester(2). Although warfarin may seem to
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be the ideal agent, it is unsafe during foetal development as it can cause, foetal
wastage, congenital foetal anomalies, increased risk of foetal intraventricular

haemorrhage and embryopathy in 0.6% - 6% (2).

There are guidelines for the use of anti-thrombotic therapies in pregnancy from the
American College of Chest Physicians and the European Society of Cardiology (ESC)

that may assist physicians in making choices on anti-thrombotic agents in pregnancy
(2).

The ESC uses a checkKlist for risk factors for venous thrombo-embolism modified
according to the Royal College of Obstetricians and Gynaecologists (10). The 3 major
categories are: pre-existing risk factors; obstetric risk factors and; transient risk factors
(20).

According to the number of risk factors, the patient can be classified into high,
intermediate, and low risk groups. The high risk group should receive low molecular
weight heparin (LMWH) antenatally and post-partum, the intermediate risk group
patients postpartum prophylaxis is recommended and antepartum prophylaxis with
LMWH should be considered and in the low risk group early mobilization is

recommended (10).

1.8 Congenital valvular lesions in pregnancy

Chohan, et al (16), in their 2006 study in Pakistan reported that congenital mitral valve
prolapse was more common in pregnant women with an incidence of 10-17%. This
condition in pregnancy is said to be benign and asymptomatic those that, do become

symptomatic often complain of, chest pain, palpitations, dyspnoea and weakness (16).

There is a wide array of operative procedures that may be carried out for congenital
heart lesions and with the success of these operations, more women reach childbearing
age and need special consideration during pregnancy (16). One such operation is a

Fontan procedure for single ventricle physiology. The main concern in these pregnant
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patients is that the Fontan circulation is passive and therefore adequate blood volume
and pressure is needed to perfuse the pulmonary circulation (4).

Epidural anaesthesia is the anaesthetic of choice in a pregnant patient with congenital
mitral valve prolapse (16). Other methods are however not contra-indicated. The basic
principles are to avoid decreases in cardiac output, heart rate and left ventricular end

diastolic volume as this may worsen the prolapse (16).

Since peripheral and systemic vascular resistance are vital to patients with Fontan
procedure, general anaesthesia is not usually recommended. Anaesthetic drugs may

affect peripheral vascular resistance by depressing the myocardium.

Positive pressure ventilation used during general anaesthesia may impede venous
return and ultimately pulmonary blood flow. These patients are also prone to atrial

fibrillation which is often difficult to treat (4).

1.9 Analgesia

Adequate post caesarean section analgesia has increasing importance as it decreases
the development of chronic pain syndromes, facilitates mother and child bonding and
decreases hospital stay. Most literature on this subject seems to be in support of
multimodal analgesia. Patients who have had epidural anaesthesia are at an advantage
post-operatively because this can be continued into the post anaesthesia period. Spinal
anaesthesia also offers post-operative analgesia (21).

In patients who have had general anaesthesia, multimodal analgesia involving use of
opioids, non-steroidal anti-inflammatory agents, paracetamol and various blocks
including the transverse abdominis plane (TAP) block is recommended. Analgesia is
extremely vital even in valvular heart disease as pain is known to have deleterious
cardiac effects that may cause worsening of cardiac symptoms due to valvular heart

disease post-operatively if not treated (21).
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1.10 Outcomes of valvular heart disease in pregnancy

Cardiac disease is not the most common disease in pregnancy, it does however
contribute significantly to maternal morbidity and mortality (2).The following parameters
have been used to determine the risk of morbidity in patients with valvular heart
disease: congestion and pulmonary oedema; cardiac arrhythmias and their associated
sequelae from thrombus formation such as strokes and pulmonary emboli; and
worsening symptoms with the need for correction of valvular heart lesion during
pregnancy (20). Those with a higher NYHA functional class are at higher risk of
morbidity and mortality (6, 20).

In a study in Senegal (7) on maternal outcomes in sub-Saharan Africa, a number of
predictive factors for adverse outcomes in women with rheumatic heart disease were

found.

Mitral stenosis; severe tricuspid regurgitation; NYHA functional class Il or IV and;
symptoms of heart failure, were the leading predictive factors associated with maternal

mortality (7).

This was correlated by Hameed et al(8) who found increased maternal morbidity and
unfavourable foetal outcomes in women with moderate and severe mitral and aortic
stenosis.Correction of the valvular heart lesion by prosthetic valves does not exempt

these patients from increased risk of morbidity and mortality.

Mechanical valve replacement carries a higher risk of maternal morbidity as compared
to biological valves, particularly when they are placed in the mitral or aortic position (20).
Their increased morbidity is also related to the associated anti-thrombotic therapy that is

required after replacement (20).
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2. Research assumptions

These following definitions are will be used in this study:

Anaesthesia: refers to the anaesthetic that the cardiac obstetric patient receives for
delivery. This may be neuraxial, local or general anaesthesia. Neuraxial anaesthesia will
be a spinal, an epidural, or a combination of both.

Anaesthetist: a qualified doctor who is currently working in the Department of

Anaesthesiology, including medical officers, registrars, and consultants.

Records: will include the labour admission book, cardiac obstetric anaesthetic

assessment form, and the intraoperative anaesthetic form, and patients file.

Maternal outcome: refers to the outcome of the cardiac obstetric patients post-delivery
and includes: cardiac failure, pulmonary oedema, pulmonary embolism, fatal
haemorrhage from anti thrombolytic agents, cardiogenic shock, atrial fibrillation, and

mortality.

Foetal outcome: refers to the outcome of children born to mothers with valvular heart
disease and includes: low birth weight, preterm birth, respiratory distress, and foetal

demise.

Caesarean section: is the surgical delivery of a baby by an incision through the
mother’s abdomen and uterus. This procedure is done when it is determined to be a

safer method than a vaginal delivery for the mother, baby, or both.

Adverse outcomes: An unintended and unwanted event or state occurring during or
following medical care, that is so harmful to the patient’s health that (adjustment of)
treatment is required or that permanent damage results. The adverse outcome may be
noted during treatment or in a predefined period after discharge or transfer to another

department.
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3. Problem statement

Cardiac disease is noted to have a significant impact on maternal and neonatal
outcomes (1, 2, 22). There is a paucity of data on the prevalence of cardiac disease in
low and middle income countries (22). There is no data from Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) describing the profile, perioperative
management and outcomes of these patients. This study may assist with development
of standardised management protocols and may assist in improving outcomes.
Additionally, if poor outcomes are found, it may assist management in determining the

factors associated with poor outcomes.

4. Study aims

The aim of this study is to describe the profile and outcomes of obstetric valvular heart

disease patients post caesarean section at CMJAH.

5. Study objectives

e To describe the profile of valvular cardiac patients presenting for caesarean
section at CMJAH.
e To describe the perioperative management and outcomes of these patients

e To describe factors associated with poor/ adverse outcomes.

6. Study methodology

6.1 Study design
A retrospective study examining patient records with a special interest in outcomes

pertaining to the following subheadings will be conducted:

e Demographics of the study population
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e Elective or emergency caesarean section
e Mode of anaesthesia

e Post-operative analgesia

e Morbidity and Mortality

e Level of experience of the surgeon

6.2 Site of study
The study will be conducted at CMJAH. This hospital is a quaternary hospital with a

total of over 1088 usable beds. It offers 24-hour obstetric services and employs interns,

community service officers, medical officers, registrars, and consultants.

6.3 Study population and size

The study population will be records of obstetric valvular heart disease patients who
delivered by caesarean section at CMJAH. The sample size will be determined by the
collection and availability of records for a 2-year period from 15t January 2018 to 31
December 2019.

6.4 Inclusion criteria

e Patients with valvular heart disease in pregnancy who had a caesarean section
as mode of delivery at CMJAH.

6.5 Exclusion criteria

e Patients with non-valvular cardiac diseases
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7. Data collection and analysis

Data will be collected using a Microsoft ® excel spreadsheet (Appendix C). Continuous
data will be described using the mean and standard deviation, or median and
interquartile range based on the distribution of data collected. For categorical data
frequency (percentage) tables will be used. The statistical test that will be used are the
Mann-Whitney U test, and the single sample t-test for continuous data. The Chi-squared
test will be used for categorical data. Data will be analysed with the assistance of a

biostatistician.

8. Ethical considerations

Permission will be sought from the hospital board or CEO at CMJAH, the ethics
committee, the head of the anaesthetic department, and the gatekeeper of records to
access patient records at CMJAH. In the study only data pertaining to the patient’s

illness, management and outcome will be collected.

No patient identifying features or details will be collected. Separate list of patient
hospital and study number will be kept and only be available to the primary researcher.

The list will be stored securely in a locked cupboard for a minimum period of 6 years
after completion of the study. The study will be conducted according to the principles of
the Declaration of Helsinki (2013) and the South African Guidelines for Good Clinical

Practice.
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9. Validity and reliability

Botma et al (23) refer to “validity as indicating whether the conclusions of the study are
correct based on the study design and interpretation” and reliability refers to how

consistent the measurements are.

Validity and reliability will be maintained by:

Employing an appropriate study design

e Using appropriate data collection techniques

e All the data being collected by a single researcher

e Having an adequate sample size

e Strict adherence to the specified inclusion and exclusion criteria during data

collection

10. Potential limitations

As this is a retrospective study looking at pre-collected data, the validity and reliability of
the study may be affected by the completeness and quality of the records available.
Additionally, a small patient sample may affect quality findings. This is a single centre

study and therefore data may not be generalizable.
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11. Project outline

Nov | Dec |Jan |Feb |Mar [Apr |May |Jun |Jul |Aug | Sep | Oct
2020 | 2020

Literature review

Preparing
protocol

Protocol
assessment

Ethics application

Collecting data

Data analysis

Writing up- thesis
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12. Financial plan

The Wits Department of Anaesthesiology will incur the costs of paper and printing as

follows:

Item Price Number of Copies Total
pages

Proposal R1.50 22 4 R132
Ethics form R1.50 10 1 R15
Postgraduate | R1.50 3 15 R22.50
cover page
Binding R40 5 R200
TOTAL R369.50
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Example of data collection spreadsheet

Study number

Demographics:

Age

Ethnicity

Parity

Cardiac valvular lesion present: date

diagnosed

Severity:

Mild, moderate or severe

Congenital or acquired

NYHA class

Gestational in weeks

Elective or emergency caesarean

Mode of anaesthesia

Prosthetic valve (yes or no)

Anticoagulation

Level of surgeon experience

Complications post-operatively:

Bleeding

Thrombo-embolic phenomena

Cardiac arrhythmias

Cardiac failure

Pulmonary oedema

Post-operative analgesia:

Epidural

Spinal

Patient controlled analgesia

Fixed interval analgesia

Post-operative stay:
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ICU

High care

Ward

Foetal outcomes:

Low birth weight/ growth restriction

Preterm birth

Respiratory distress

Foetal demise

In hospital mortality:
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BMC CARDIOVASCULAR DISORDERS AUTHORS GUIDELINES:

Title page
The title page should:

. present a title that includes, if appropriate, the study design e.g.:

o "A versus B in the treatment of C: a randomized controlled trial",
"X'is a risk factor for Y: a case control study”, "What is the impact
of factor X on subject Y: A systematic review"

o or for non-clinical or non-research studies a description of what
the article reports

o list the full names and institutional addresses for all authors

o if a collaboration group should be listed as an author, please list
the Group name as an author. If you would like the names of the
individual members of the Group to be searchable through their
individual PubMed records, please include this information in the
"Acknowledgements” section in accordance with the instructions
below

 indicate the corresponding author
Abstract

The Abstract should not exceed 350 words. Please minimize the use of
abbreviations and do not cite references in the abstract. Reports of
randomized controlled trials should follow the CONSORT extension for
abstracts. The abstract must include the following separate sections:

« Background: the context and purpose of the study

« Methods: how the study was performed and statistical tests used
« Results: the main findings

« Conclusions: brief summary and potential implications

« Trial registration: If your article reports the results of a health care
intervention on human participants, it must be registered in an
appropriate registry and the registration number and date of
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registration should be in stated in this section. If it was not registered
prospectively (before enrollment of the first participant), you should
include the words 'retrospectively registered'. See our editorial
policies for more information on trial registration

Keywords

Three to ten keywords representing the main content of the article.

Background

The Background section should explain the background to the study, its aims,
a summary of the existing literature and why this study was necessary or its
contribution to the field.

Methods

The methods section should include:

« the aim, design and setting of the study
« the characteristics of participants or description of materials

« a clear description of all processes, interventions and comparisons.
Generic drug names should generally be used. When proprietary brands
are used in research, include the brand names in parentheses

« the type of statistical analysis used, including a power calculation if
appropriate
Results

This should include the findings of the study including, if appropriate, results
of statistical analysis which must be included either in the text or as tables and
figures.

Discussion

This section should discuss the implications of the findings in context of
existing research and highlight limitations of the study.

Conclusions
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This should state clearly the main conclusions and provide an explanation of
the importance and relevance of the study reported.

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first
use, and a list of abbreviations should be provided.

Declarations

All manuscripts must contain the following sections under the heading
‘Declarations":

« Ethics approval and consent to participate
« Consent for publication

« Availability of data and materials

o Competing interests

« Funding

« Authors' contributions

o Acknowledgements

« Authors' information (optional)

Please see below for details on the information to be included
in these sections.

If any of the sections are not relevant to your manuscript, please include the
heading and write 'Not applicable' for that section.

Ethics approval and consent to participate

Manuscripts reporting studies involving human participants, human data or
human tissue must:

« include a statement on ethics approval and consent (even where the
need for approval was waived)

 include the name of the ethics committee that approved the study and
the committee’s reference number if appropriate
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Studies involving animals must include a statement on ethics approval and for
experimental studies involving client-owned animals, authors must also
include a statement on informed consent from the client or owner.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or
human data or tissue, please state “Not applicable” in this section.

Consent for publication

If your manuscript contains any individual person’s data in any form (including
any individual details, images or videos), consent for publication must be
obtained from that person, or in the case of children, their parent or legal
guardian. All presentations of case reports must have consent for publication.

You can use your institutional consent form or our consent form if you prefer.
You should not send the form to us on submission, but we may request to see
a copy at any stage (including after publication).

See our editorial policies for more information on consent for publication.

If your manuscript does not contain data from any individual person, please
state “Not applicable” in this section.

Availability of data and materials

All manuscripts must include an ‘Availability of data and materials’ statement.
Data availability statements should include information on where data
supporting the results reported in the article can be found including, where
applicable, hyperlinks to publicly archived datasets analysed or generated
during the study. By data we mean the minimal dataset that would be
necessary to interpret, replicate and build upon the findings reported in the
article. We recognise it is not always possible to share research data publicly,
for instance when individual privacy could be compromised, and in such
instances data availability should still be stated in the manuscript along with
any conditions for access.
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Data availability statements can take one of the following forms (or a
combination of more than one if required for multiple datasets):

o The datasets generated and/or analysed during the current study are
available in the [NAME] repository, [PERSISTENT WEB LINK TO
DATASETS]

o The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

« All data generated or analysed during this study are included in this
published article [and its supplementary information files].

« The datasets generated and/or analysed during the current study are
not publicly available due [REASON WHY DATA ARE NOT PUBLIC] but
are available from the corresponding author on reasonable request.

« Data sharing is not applicable to this article as no datasets were
generated or analysed during the current study.

« The data that support the findings of this study are available from [third
party name] but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not publicly
available. Data are however available from the authors upon reasonable
request and with permission of [third party name].

« Not applicable. If your manuscript does not contain any data, please
state 'Not applicable' in this section.

More examples of template data availability statements, which include
examples of openly available and restricted access datasets, are available here.

BioMed Central also requires that authors cite any publicly available data on
which the conclusions of the paper rely in the manuscript. Data citations
should include a persistent identifier (such as a DOI) and should ideally be
included in the reference list. Citations of datasets, when they appear in the
reference list, should include the minimum information recommended by
DataCite and follow journal style. Dataset identifiers including DOIs should be
expressed as full URLs. For example:
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Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought
monitoring and prediction system (GIDMaPS) data sets. figshare.
2014. http://dx.doi.org/10.6084/m9.figshare.853801

With the corresponding text in the Availability of data and materials
statement:

The datasets generated during and/or analysed during the current study are
available in the [NAME] repository, [PERSISTENT WEB LINK TO
DATAS ETS] [Reference number]

If you wish to co-submit a data note describing your data to be published

in BMC Research Notes, you can do so by visiting our submission portal. Data
notes support open data and help authors to comply with funder policies on
data sharing. Co-published data notes will be linked to the research article the

data support (example).

Competing interests

All financial and non-financial competing interests must be declared in this
section.

See our editorial policies for a full explanation of competing interests. If you
are unsure whether you or any of your co-authors have a competing interest
please contact the editorial office.

Please use the authors initials to refer to each authors' competing interests in
this section.

If you do not have any competing interests, please state "The authors declare
that they have no competing interests" in this section.

Funding
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All sources of funding for the research reported should be declared. The role
of the funding body in the design of the study and collection, analysis, and
interpretation of data and in writing the manuscript should be declared.

Authors’ contributions

The individual contributions of authors to the manuscript should be specified
in this section. Guidance and criteria for authorship can be found in
our editorial policies.

Please use initials to refer to each author's contribution in this section, for
example: "FC analyzed and interpreted the patient data regarding the
hematological disease and the transplant. RH performed the histological
examination of the kidney, and was a major contributor in writing the
manuscript. All authors read and approved the final manuscript."

Acknowledgements

Please acknowledge anyone who contributed towards the article who does
not meet the criteria for authorship including anyone who provided
professional writing services or materials.

Authors should obtain permission to acknowledge from all those mentioned
in the Acknowledgements section.

See our editorial policies for a full explanation of acknowledgements and
authorship criteria.

If you do not have anyone to acknowledge, please write "Not applicable" in
this section.

Group authorship (for manuscripts involving a collaboration group): if you
would like the names of the individual members of a collaboration Group to
be searchable through their individual PubMed records, please ensure that the
title of the collaboration Group is included on the title page and in the
submission system and also include collaborating author names as the last
paragraph of the "Acknowledgements” section. Please add authors in the
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format First Name, Middle initial(s) (optional), Last Name. You can add
institution or country information for each author if you wish, but this should
be consistent across all authors.

Please note that individual names may not be present in the PubMed record
at the time a published article is initially included in PubMed as it takes
PubMed additional time to code this information.

Authors’ information

This section is optional.

You may choose to use this section to include any relevant information about
the author(s) that may aid the reader's interpretation of the article, and
understand the standpoint of the author(s). This may include details about the
authors' qualifications, current positions they hold at institutions or societies,
or any other relevant background information. Please refer to authors using
their initials. Note this section should not be used to describe any competing
interests.

Footnotes

Footnotes can be used to give additional information, which may include the
citation of a reference included in the reference list. They should not consist
solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values
and other statistical data). Footnotes to the title or the authors of the article

are not given reference symbols.

Always use footnotes instead of endnotes.

References
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Examples of the Vancouver reference style are shown below.

See our editorial policies for author guidance on good citation practice

Web links and URLs: All web links and URLs, including links to the authors'
own websites, should be given a reference number and included in the
reference list rather than within the text of the manuscript. They should be
provided in full, including both the title of the site and the URL, as well as the
date the site was accessed, in the following format: The Mouse Tumor Biology
Database. http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May
2013. If an author or group of authors can clearly be associated with a web
link, such as for weblogs, then they should be included in the reference.

Example reference style:

Article within a journal

Smith JJ. The world of science. Am J Sci. 1999;36:234-5.

Article within a journal (no page numbers)

Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R,
Tjgnneland A, et al. Meat consumption and mortality - results from the
European Prospective Investigation into Cancer and Nutrition. BMC Medicine.
2013;11:63.

Article within a journal by DOI

Sliftka MK, Whitton JL. Clinical implications of dysregulated cytokine
production. Dig J Mol Med. 2000; doi:10.1007/s801090000086.

Article within a journal supplement

Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of
splenic activity by bone marrow scan. Blood 1979;59 Suppl 1:26-32.
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Book chapter, or an article within a book

Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In:
Bourne GH, Danielli JF, Jeon KW, editors. International review of cytology.
London: Academic; 1980. p. 251-306.

OnlineFirst chapter in a series (without a volume designation but with a DOI)
Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric
excess and chiral symmetry breaking. Top Curr Chem. 2007.
doi:10.1007/128_2006_108.

Complete book, authored

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the
management of common illness. 3rd ed. Oxford: Blackwell Science; 1998.

Online document

Doe J. Title of subordinate document. In: The dictionary of substances and
their effects. Royal Society of Chemistry. 1999. http://www.rsc.org/dose/title of
subordinate document. Accessed 15 Jan 1999.

Online database

Healthwise Knowledgebase. US Pharmacopeia, Rockville. 1998.
http://www.healthwise.org. Accessed 21 Sept 1998.

Supplementary material/private homepage

Doe J. Title of supplementary material. 2000.
http://www.privatehomepage.com. Accessed 22 Feb 2000.

University site
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Doe, J: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999).
Accessed 25 Dec 1999.

FTP site

Doe, J: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999).
Accessed 12 Nov 1999.

Organization site

ISSN International Centre: The ISSN register. http://www.issn.org (2006).
Accessed 20 Feb 2007.

Dataset with persistent identifier

Zheng L-Y, Guo X-S, He B, Sun L-J, Peng Y, Dong S-S, et al. Genome data from
sweet and grain sorghum (Sorghum bicolor). GigaScience Database.
2011. http://dx.doi.org/10.5524/100012.
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