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abstract
aim: To explore the epidemiology, presentation, management and healthcare impact of infective endocarditis (IE) in 
Northland, to guide strategies for prevention and quality improvement.
method: Health records of patients treated for IE in Northland between 2010 and 2019 were analysed retrospectively. 
Cases were classified using Modified Duke Diagnostic Criteria.  
results: One hundred and forty cases of IE (97 definite, 43 possible) were identified. The incidence of IE in North-
land was 8.5 per 100,000-person-years. The highest-risk group were elderly Māori. There was a 44% rate of prosthetic 
valve endocarditis (PVE) with 27% of these patients having a history of rheumatic heart disease. Organisms causing 
IE included streptococcal species (43%), Staphylococcus aureus (23%) and enterococci (16%). Complications included 
stroke (24%), systemic embolism (38%), congestive heart failure (30%) and paravalvular abscess (14%). Median length 
of hospitalisation was 22 days (IQR 14–34) and 32% required valve surgery. The mortality rate at six weeks after diagno-
sis was 18%. An estimated total of NZ$6,560,470 was spent on direct patient care. 
conclusion: IE is causing substantial morbidity and mortality in Northland and consuming considerable healthcare 
resources. A high index of suspicion for IE is recommended. A high proportion of cases were caused by odontogenic 
organisms. Preventative investment in oral health promotion and dental care has the potential to be cost-effective.

Infective endocarditis (IE) is a complex condi-
tion to diagnose and manage that continues 
to cause significant morbidity and mortality 

in New Zealand and internationally.1–5 There is a 
trend towards an increasing proportion of IE cases 
caused by Staphylococcus aureus in high-income 
countries, while streptococcal infections continue 
to predominate in lower-income settings.2,6,7 The 
International Collaboration on Endocarditis-Pro-
spective Cohort Study (ICE-PCS) is the largest pro-
spective cohort study on IE to date, collecting data 
on 2,781 patients from 58 hospitals across 25 coun-
tries (including New Zealand) between 2000 and 
2005.2 The ratio of streptococcal to staphylococ-
cal species causing IE was 0.7. Other studies have 
demonstrated ratios of 2.5 in Pakistan and South 
Africa, 1.6 in South America, 1.2 in India, 0.8 in 
Europe and 0.3 in North America.5 The higher rate 
of streptococcal IE in lower-income countries has 
been attributed to poorer dental health, higher 
prevalence of predisposing rheumatic heart dis-
ease (RHD), and that intravenous drug use (IVDU) 
and healthcare-associated risk factors for staphy-
lococcal IE are less common.5,8

Several previous studies have explored the 

demographics, clinical features and management 
of IE in New Zealand.1,3,4,9 The largest was the New 
Zealand component of ICE-PCS, which included 
337 cases of IE.3 There is a paucity of IE incidence 
data internationally and in New Zealand.5 A sys-
tematic review of population-based studies from 
1969 to 2000 across seven high-income coun-
tries reported an incidence of 1.4 to 6.2 cases per 
100,000 persons.10 Other studies in Hong Kong, 
Italy and Australia found an incidence of 2.8, 4.4 
and 4.7 per 100,000 person-years respectively.11–13 
No previous New Zealand studies have provided 
population-based IE incidence data or estimated 
the healthcare cost of IE.

Dental disease can predispose to IE through bac-
teraemia from oral flora.14,15 There are inequities 
in dental health in New Zealand, with higher rates 
of dental disease observed in the Māori popula-
tion and among families of lower socio-economic 
status.16–19 The Northland Region has some of the 
highest rates of social deprivation and dental  
disease in the country.18–20 Dental care for adults 
in Northland is predominantly through private 
practice, other than limited emergency dentistry 
services for medically compromised and low-in-
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come adults in hospitals and community clinics.21 
There is no fluoridation of the water supply in 
Northland.21 We hypothesise that the high burden 
of dental disease in Northland may be contribut-
ing to a high incidence of IE from dental organ-
isms such as oral streptococci and enterococci.

RHD, a complication of acute rheumatic fever 
(ARF), is a condition associated with poverty and 
overcrowded living conditions that is now rarely 
encountered in most high-income countries. How-
ever, ARF and RHD present an ongoing challenge 
in Northland. A review of ARF in Northland found 
an incidence of 7.0 per 100,000-person-years, 
with 93% of cases occurring in Māori and 87% of 
patients living in deprived areas.22 No previous 
studies have explored the association between 
RHD and IE in Northland.

This study aimed to define the epidemiology, 
risk factors, microbiology, presentation, manage-
ment and healthcare impact of IE in Northland, 
to guide strategies for prevention and quality 
improvement.

Method
Setting

The Northland Region is defined in this study 
based on the 2018 census map boundaries.23North-
land District Health Board (NDHB) includes five 
public hospitals, located in Whangārei, Bay of 
Islands, Kaitaia, Hokianga and Dargaville. All 
patients fulfilling the Modified Duke Criteria for 
IE were eligible for inclusion if they received 
treatment at any of these sites between 1 January 
2010 and 31 December 2019. There is no inpatient 
cardiothoracic surgical service within NDHB. 
Northland patients requiring cardiothoracic sur-
gical input are routinely transferred to Auckland 
District Health Board (ADHB).

Study design and data collection
Cases of IE were identified retrospectively 

using discharge coding data from NDHB hospitals 
(International Classification of Diseases-10 codes 
133, 138, 139). Cases of all ages were included 
in the study if they met Modified Duke Crite-
ria for ‘definite’ or ‘possible’ IE.24 Demographic 
and clinical data were extracted from electronic 
medical records and entered on an audit tool 
(Microsoft® Excel (version 16.32)). New Zealand 
Index of Deprivation 2018 (NZDep2018) deciles 
were assigned according to each patient’s address 
at diagnosis. Territorial authority boundaries 

from Stats NZ were used to define the Far North, 
Whangārei and Kaipara districts. Nosocomial IE 
was defined as IE developing in a patient hospi-
talised for more than 48 hours prior to onset of 
signs or symptoms of IE.2 Dental information was 
extracted from patients’ medical notes and the 
Titanium® dataset, an information management 
system that records clinical data from free dental 
examinations conducted by dental therapists and 
dentists.19 Costing data were obtained from the 
NDHB webPAS® portal and included all admis-
sion costs at NDHB and ADHB for management 
of IE and its complications, inter-hospital trans-
fers, cardiology clinics within 12 months after dis-
charge and community nursing visits within 31 
days of discharge.

Data analysis
As population growth occurred in Northland 

during the study period, population data from the 
approximate midpoint of the study (the mean of 
2013 and 2018 census data) were used for inci-
dence calculations. The incidence of IE was deter-
mined by dividing the number of incident cases 
by the total number of person-years accumulated 
in the study population. Incidence values and 
95% confidence intervals were calculated using 
Microsoft Excel. Other statistical analyses were 
performed using IBM® SPSS Statistics (version 
25.0.0.0). Continuous variables were reported as 
medians and interquartile ranges. Categorical 
variables were expressed as frequencies and per-
centages of the specified group. Categorical data 
were compared using the Chi-squared test or Fish-
er’s exact test. Parametric data were compared 
using the t-test or ANOVA test and non-parametric 
data using the Mann–Whitney or Kruskal–Wallis 
test. The Pearson correlation coefficient was used 
to calculate the correlation between two continu-
ous variables.

Ethics approval
Ethics approval was sought from the New Zea-

land Health and Disability Ethics Committees. The 
study was deemed out of scope and not requiring 
ethics review.

Results
Incidence and demographics

The Northland population estimate used for 
incidence calculations was 165,384 and the Māori 
population was 56,807 (34%). Census data indicate 
18% population growth in Northland from 2013 
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to 2018.23 Between January 2010 and December 
2019, there were 140 episodes of IE identified in 
134 patients. Ninety-seven cases (69%) were clas-
sified as definite and 43 (31%) as possible IE. Table 
1 describes their demographic characteristics. 

The overall incidence of IE in Northland was 
8.47 (95% CI 7.12–9.99) per 100,000 person-years. 
The incidence in males was 12.82 per 100,000 per-
son-years, compared to 4.27 in females (p=0.04). 
The incidence in the New Zealand European 
(NZE) population was 8.30 and in Māori was 6.51 
(p=0.64). Figure 1 illustrates the incidence strati-
fied by age and ethnicity. The population group at 
highest risk of IE were Māori aged 80–84 years, 
with an incidence of 72.90 cases per 100,000 per-
son-years compared to 18.77 among non-Māori in 
the same age group (p <0.001). Rates of IE were 
also significantly higher among Māori aged 25–29, 
30–34, 45–49 and 75–79 years. 

One hundred and two patients (73%) lived in 

areas with NZDep2018 deciles between 7 and 10 
(Table 1). A higher proportion of Māori than non-
Māori patients lived in decile 9 and 10 areas (58% 
versus 39%). Supplementary Figure 1 illustrates 
each patient’s domicile at the time of diagnosis.

Risk factors
There were 62 cases of prosthetic valve endo-

carditis (PVE) (44%) and 78 cases of native-valve 
endocarditis (56%). In 17 of the PVE cases (27%), 
the valve had been replaced due to RHD. Twen-
ty-five patients with PVE (40%) had mechanical 
valves and 37 (60%) had bioprosthetic valves. 
A history of congenital valve disease was doc-
umented in 25 patients (18%) and RHD in 19 
patients (14%). There were 13 cases of recurrent 
IE, of which six were managed for IE twice at 
NDHB during the study period and seven had a 
history of IE prior to the study period. Five cases 
(3%) were classified as nosocomial. Three patients 

Table 1: Demographics and Modified Duke Criteria of patients treated for IE in Northland, stratified by ethnicity.

Māori ethnicity

n=36

Non-Māori ethnicity

n=104

Total 

n=140

Gender

Male, n (%) 24 (67) 80 (77) 104 (74)

Female, n (%) 12 (33) 24 (23) 36 (26)

Age in years 

Median (interquartile 
range)

55 (42–72) 73 (64–80) 70 (57–79)

0–4 2 (6) 0 (0) 2 (1)

5–14 0 (0) 0 (0) 0 (0)

15–24 2 (6) 1 (1) 3 (2)

25–34 3 (8) 1 (1) 4 (3)

35-44 1 (3) 2 (2) 3 (2)

45–54 9 (25) 9 (9) 18 (13)

55–64 7 (19) 14 (13) 21 (15)

65–74 4 (11) 32 (31) 36 (26)

75–84 8 (22) 30 (29) 38 (27)

≥85 0 (0) 15 (14) 15 (11)
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Figure 1: Incidence of infective endocarditis per 100,000-person-years in Northland, stratified by age and ethnicity.

Māori ethnicity

n=36

Non-Māori ethnicity

n=104

Total 

n=140

Address at time of diagnosis, n (%)

Far North 14 (39) 34 (33) 48 (34)

Whangārei 19 (53) 53 (51) 72 (51)

Kaipara 3 (8) 14 (14) 17 (12)

Overseas resident 0 (0) 3 (3) 3 (2)

NZDep2018 decile, n (%)

1–2 0 (0 0 (0) 0 (0)

3–4 2 (6) 5 (5) 7 (5)

5–6 4 (11) 23 (22) 27 (19)

7–8 9 (25) 31 (30) 40 (29)

9–10 21 (58) 41 (39) 62 (44)

Not available 0 (0) 4 (4) 4 (3)

Modified Duke Criteria, n (%)

Definite 27 (75) 70 (67) 97 (69)

Possible 9 (25) 34 (33) 43 (41)

Table 1 (continued): Demographics and Modified Duke Criteria of patients treated for IE in Northland, stratified by 
ethnicity.
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(2%) had a history of injecting drug use. Further 
patient co-morbidity data can be found in Supple-
mentary Table 1. 

Microbiology
Table 2 outlines the microbiology of IE cases 

according to valve type. Viridans streptococci 
were the most common causative organism (n=42, 
30%), followed by S. aureus (n=32, 23%) and E. 
faecalis (n=22, 16%). The ratio of streptococcal to 
staphylococcal species causing IE was 1.7. 

The five cases of nosocomial IE were caused by 
methicillin-sensitive S. aureus (MSSA) (n=1), viri-
dans streptococci (n=1), coagulase negative staph-
ylococci (n=1), non-HACEK group gram-negative 
bacilli (n=1) and polymicrobial IE (n=1). 

Clinical presentation 
Table 3 describes clinical and investigation 

findings. The most frequent clinical signs were 
fever (n=116, 83%), heart murmur (n=92, 66%) 
and splinter haemorrhages (n=18, 13%). Other 
classical signs of IE were rare, with few patients 
exhibiting Janeway lesions (n=2, 1%), Roth spots 
(n=2, 1%) or Osler’s nodes (n=1, 1%).

In 135 cases (96%) the C-reactive protein (CRP) 
level was 10mg/L or higher on admission. The 
median CRP level on admission was 89 mg/L (IQR 
52–155). 

Blood cultures were positive in 129 cases (92%). 
Of the 11 cases with no positive blood cultures, 
eight had received antibiotic therapy prior to cul-
tures being taken. The median number of blood 
cultures taken per patient was five (IQR 4–8), and 
the median number of positive blood cultures was 
two (IQR 1–3).

Transthoracic echocardiography (TTE) was 
performed in 131 patients (94%) and vegetations 
were identified in 48 of these (37%). Transoesoph-
ageal echocardiography (TOE) was performed in 
107 patients (76%) and vegetations were identified 
in 77 (72%). One hundred patients (71%) under-
went both TTE and TOE. Vegetations were identi-
fied on both TTE and TOE in 29 of these patients 
(29%) and vegetations were seen on TOE but not 
TTE in 48 (48%). The sensitivity of TTE compared 
to the gold standard of TOE in detecting valvular 
vegetations was 38% and the specificity was 87%. 
In cases of pure aortic valve IE the sensitivity of 
TTE compared to TOE was 45%. In cases of pure 
mitral valve IE the sensitivity of TTE compared to 
TOE was 30%. There was no significant difference 
in rates of TOE by ethnicity (n=25, 72% in Māori; 
n=81, 78% in non-Māori; p=0.490), or territorial 

authority (n=33, 87% in Whangārei; n=26, 76% in 
Far North; n=10, 91% in Kaipara District; p=0.382).

The aortic valve was involved in 79 cases (56%), 
mitral valve in 49 (35%), tricuspid valve in eight 
(6%) and pulmonary valve in four (3%). In 12 cases 
(9%) there were multiple valves affected. In 14 
cases (10%) the affected valve(s) were unknown.

Dental history
Ten cases (7%) had a recorded public dental 

service review in the 12 months preceding diagno-
sis of IE, of whom six had pre-existing prosthetic 
valves. Only one of the 19 cases with a history 
of RHD had a recorded dental review in the 12 
months prior to IE diagnosis (5%). Of the 42 cases 
of viridans streptococcal IE, five had a recorded 
dental review in the prior 12 months (12%). No 
patients with IE caused by other streptococci or E. 
faecalis had a recorded dental review in the prior 
12 months.

Nineteen cases (14%) underwent dental review 
during their hospital admission, including 13 of 
those with viridans streptococcal IE (31%), zero 
with other streptococcal IE, zero with E. faecalis 
IE and three with S. aureus IE. Twenty-one cases 
(15%) had a dental x-ray during their admission.

Complications
Complications of IE included systemic embo-

lism (n=53, 38%), congestive heart failure (n=42, 
30%), stroke (n=33, 24%), paravalvular abscess 
(n=19, 14%), valvular perforation (n=16, 11%), 
chordal vegetation or rupture (n=15, 11%), per-
sistent bacteraemia for more than two weeks 
(n=10, 7%) and death within six weeks of diagno-
sis (n=16, 21%). There were 14 cases of prosthetic 
valve regurgitation (23% of all PVE cases) and 11 
cases of prosthetic valve dehiscence (18% of PVE 
cases). An overview of complications stratified by 
causative organism is provided in the Supplemen-
tary Table 2.

Management and outcomes
Valve surgery was performed in 45 cases 

(32%). Aortic valve surgery was performed in 23 
patients (16%), mitral valve surgery in 26 (19%), 
tricuspid valve surgery in four (3%) and pulmo-
nary valve surgery in two (1%). In 10 cases (7%), 
multiple valves required intervention. Further 
detail on types of valve surgery is provided in the 
Supplementary Table 3. The median time from 
initial contact with healthcare services to valve 
surgery was 24 days (IQR 10–58). Valve surgery 
was required in 41% of S. aureus cases (n=13), 
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Table 2: Microbiology of IE cases according to valve type.

Organism
Native valve IE 

n=78 (%)

Prosthetic valve IE 

n=62 (%)
P value

Overall cohort

 n=140 (%)

Streptococci 40 (51) 20 (32) 0.027 60 (43)

Viridans 
streptococci

30 (38) 12 (19) 0.016 42 (30)

Streptococcus 
gallolyticus

2 (3) 4 (6) 0.406 6 (4)

Other streptococci 8 (10) 4 (6) 0.549 12 (9)

Staphylococcus 
aureus

22 (28) 10 (16) 0.107 32 (23)

MSSA 21 (27) 8 (13) 0.058 29 (21)

MRSA 1 (1) 2 (3) 0.584 3 (2)

Enterococcus 
faecalis

9 (12) 13 (21) 0.162 22 (16)

Coagulase- 
negative 
staphylococci

1 (1) 2 (3) 0.584 3 (2)

HACEK group 1 (1) 2 (3) 0.584 3 (2)

Non-HACEK group 
gram-negative 
bacilli*

2 (3) 3 (5) 0.655 5 (4)

Polymicrobial 0 (0) 2 (3) 0.194 2 (1)

Culture-negative 3 (4) 6 (10) 0.184 9 (6)

Other** 0 (0) 4 (6) 0.036 4 (3)

Statistically significant p values (<0.05) are highlighted in bold script.
Abbreviations: MSSA=methicillin-sensitive S. aureus, MRSA=methicillin-resistant S. aureus, HACEK=Haemophilus species, Aggre-
gatibacter sp., Cardiobacterium hominis, Eikenella corrodens, Kingella sp. 
*Non-HACEK group gram negative bacilli: Escherichia coli (n=2), Klebsiella pneumoniae (n=1), Capnocytophaga canimorsus (n=1), 
Stenotrophomonas maltophilia (n=1).
**‘Other’ organisms: Aerococcus urinae (n=1), Gemella hemolysans (n=1), Propionobacterium sp. (n=1), Abiotrophia defectiva 
(n=1), Bartonella sp. (n=1).
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26% for viridans streptococci (n=11), 18% for E. 
faecalis (n=4) and 66% for coagulase negative 
staphylococci (n=2). Nine patients (6%) required 
non-cardiac surgery. Peripherally inserted central 
catheters were placed for 115 patients (82%) and 
64 patients (46%) received outpatient intravenous 
antibiotic therapy.

The all-cause mortality rate at six weeks after 
diagnosis of IE was 18% (n=25), at six months 
was 22% (n=31), 12 months was 25% (n=35) and 
five years (or duration of follow up if less than 
five years) was 36% (n=51). Among patients who 
underwent valve surgery the six-week mortal-
ity rate was 18% (n=9), which was equivalent to 
the non-operative group (18%, n=16, p=0.974). 
In those who received ICU-level care the mortal-

ity rate was 25% (n=14), compared to 13% (n=11) 
in those not admitted to ICU (p=0.07). There was 
no significant difference in rates of ICU admis-
sion, valve surgery or death according to patients’ 
home territorial authority (p=0.499, 0.353 and 
0.110 respectively).

Healthcare impact
Table 4 outlines the healthcare impact of IE 

and sites of inpatient treatment. An estimated 
NZ$6,560,470 was spent on direct patient care 
for IE during the study period. The median 
healthcare cost per case of IE was $34,053 (IQR 
$18,212–69,994).

For streptococcal IE the median cost per case 
was $29,362, for S. aureus was $40,420 and for E. 

Table 3: Clinical presentation of IE.

Clinical features
Definite cases 

n=97 (%)

Possible cases 

n=43 (%)

Total 

n=140 (%)

Fever (>37.7°C) 81 (84) 35 (81) 116 (83)

Heart murmur 67 (69) 25 (58) 92 (66)

 Splinter haemorrhages 14 (14) 4 (9) 18 (13)

Splenomegaly 5 (5) 1 (2) 6 (4)

Janeway lesions 2 (2) 0 (0) 2 (1)

Osler’s nodes 1 (1) 0 (0) 1 (1)

Roth spots 2 (2) 0 (0) 2 (1)

Ophthalmitis 1 (1) 0 (0) 1 (1)

Buccal petechiae 1 (1) 0 (0) 1 (1)

Digital infarcts 1 (1) 0 (0) 1 (1)

Elevated C-reactive protein (≥10 mg/L) on 
admission

94 (97) 40 (93) 134 (96)

Positive blood culture(s) 90 (93) 39 (91) 129 (90)

Vegetations on transthoracic 
echocardiogram

44 (45) 4 (9) 48 (34)

Vegetations on transoesophageal 
echocardiogram

69 (71) 8 (19) 77 (55)

CT scan(s) performed (1 or more) 67 (69) 13 (30) 80 (57)

MRI scan(s) performed (1 or more) 25 (26) 4 (9) 29 (21)
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faecalis was $30,265 (p=0.278). Length of hospital 
stay was directly associated with healthcare cost 
(correlation coefficient 0.584, p<0.000). At least 
one inter-hospital transfer was required for 96 of 
the cases (69%; range 0–6 transfers).

Discussion
This study describes the burden of IE in North-

land, identifying the elderly Māori population as 
being at greatest risk. The overall IE incidence 
of 8.47 per 100,000 person-years in Northland is 
higher than has been described in other high-in-
come countries (reported incidence of 1.4 to 
6.2 per 100,000 person-years).10–13 No previous 
New Zealand incidence data are available for 
comparison. 

The severity of IE cases in Northland is nota-
ble, with higher rates of systemic embolism (44% 
versus 17%), stroke (27% versus 14%) and death 
(21% versus 6%) than were observed in the New 

Zealand ICE-PCS cohort.3 This is despite ICE-PCS 
only enrolling patients from large hospital centres 
with a cardiothoracic surgical service, which was 
expected to select out cases that are more com-
plex and requiring surgical intervention.3 How-
ever, the rate of valve surgery in Northland cases 
was similar to in the ICE-PCS cohort (34% and 33% 
respectively). There was a markedly longer dura-
tion from initial healthcare contact to surgery in 
Northland cases than in ICE-PCS (median of 24 
days versus 4 days). This may be due to delays in 
diagnosis and inter-hospital transfer from NDHB 
to a cardiothoracic surgical centre, or differences 
in the pathology and acuity of presentation. Eth-
nicity and deprivation were not described for the 
ICE-PCS cohort. However, the rate of RHD, an indi-
cator of underlying poverty and overcrowding, 
was much higher in our study (14% versus 4%) 
and likely reflects inequities in healthcare access 
and social determinants of health in Northland.

The microbiology of IE in Northland is more 

Table 4: Healthcare impact of IE. 

Impact measure

Length of hospital stay in days (median, IQR) 22 (14–34)

Cumulative length of hospital stay (days) 3,809

ICU admission n (%) 57 (41)

Length of stay in ICU in days (median, IQR) 4 (2–6)

Interhospital transfer (1 or more) n (%) 96 (69)

Total number of interhospital transfers 207

Duration of intravenous antibiotic therapy in days (median, IQR) 42 (28–42)

 Site(s) of inpatient treatment

Whangārei Hospital  n (%) 140 (100)

Bay of Islands Hospital  n (%) 26 (19)

Kaitaia Hospital  n (%) 8 (6)

Dargaville Hospital  n (%) 7 (5)

Hokianga Hospital  n (%) 2 (1)

Auckland City Hospital*  n (%) 77 (55)

Middlemore Hospital*  n (%) 2 (1)

Waikato Hospital*  n (%) 1 (1)

Multiple hospital sites  n (%) 96 (69)

        *Tertiary-care hospitals.
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consistent with that seen in lower-income coun-
tries, with a high proportion of cases caused by 
streptococci rather than staphylococci (ratio 1.7 
in Northland, versus 0.7 in the international ICE-
PCS study). This pattern supports our hypothesis 
of dental disease in Northland contributing to the 
high burden of IE. 

Factors contributing to the higher incidence of 
IE among those aged over 70 years, particularly 
Māori, may include a greater prevalence of car-
diac valvular disease, dental decay, diabetes and 
immunocompromising medical conditions within 
this population. Changes in dental profiles with 
increasing retention of natural teeth may also 
predispose to higher rates of dental infection in 
later life.24 Elderly people may also have difficulty 
accessing dental care (both for routine preven-
tion and acute dental infections), due to disabil-
ity or financial constraints. These inequities may 
be more pronounced among elderly Māori than 
non-Māori due to cultural and language bar-
riers, remoteness and higher rates of social 
deprivation.20 

This study also highlights the poor sensitivity 
of TTE (38%) compared to the gold standard of 
TOE in the diagnosis of IE. A systematic review 
and meta-analysis published in 2017 found simi-
lar results, with fundamental TTE detecting vege-
tations with a sensitivity of 41% (95% CI 29–55%) 
compared to the reference standard of TOE.25 
We hypothesise that reduced TOE availability in 
Northland may have contributed to delayed diag-
nosis and valve intervention. Within our cohort 
there was no significant difference in rates of TOE 
by patient ethnicity or region. However, it would 
be useful to compare the proportion of patients 
undergoing TOE and time from admission to 
TOE for evaluation of endocarditis between dis-
trict health boards, to assess equity of access at a 
regional level. 

It is possible that cases of IE were missed in this 
study if no discharge summary was completed 
(required for hospital coding) or the diagnosis 
of IE was not included during coding. Therefore, 
our incidence data may underestimate the true 
burden of IE. Another limitation of incidence cal-
culations was the use of midpoint population esti-
mates, as significant population growth occurred 
over the study period. Co-morbidity results and 
clinical features may be underestimated if medi-
cal history or examination was incompletely doc-
umented or not included in patients’ electronic 
admission or discharge records.

Only public dental data from free dental exam-

inations were accessed. As dental care for adults 
in Northland is predominantly through private 
practice, most dental encounters are likely to 
have been missed (unless documented in patient 
notes). However, data on inpatient dental reviews 
at Whangārei Hospital are expected to be com-
plete as these are routinely performed via the 
on-site public dental service and recorded on the 
Titanium database. 

If patients were transferred to or from a dis-
trict health board other than NDHB or ADHB (or 
overseas), then data from these other sites were 
not accessible. Assessment of longer-term out-
comes such as delayed surgery, recurrence and 
one- and five-year mortality was not available for 
all patients as the time had not yet elapsed at the 
time of data collection.

Cases were included in the cohort if they met 
Modified Duke Criteria for ‘possible IE’. Some of 
these cases may have been incorrectly diagnosed 
as IE (such as episodes of bacteraemia without 
endocarditis). However, cases were excluded if 
they met Modified Duke Criteria for ‘rejected IE’ 
or if IE was not documented as a discharge diag-
nosis by the treating team.26

The calculated total healthcare cost of IE during 
the study period is likely a significant under-
estimate as it does not include non-cardiology 
outpatient clinic follow-up, private healthcare 
encounters, or the cost of long-term patient disabil-
ity, interruption to employment and years of life 
lost. Further studies measuring the burden of dis-
ease from IE, including years of life lost and years 
lived with disability, would be valuable in quanti-
fying the broader societal cost of the disease.

As a high proportion of IE cases were caused by 
odontogenic organisms, a review of factors con-
tributing to dental disease and further investment 
in oral health promotion in Northland is recom-
mended. The New Zealand Promoting Oral Health 
guideline provides a comprehensive framework 
for based on Ottawa Charter principles.27 Com-
munity fluoridation of reticulated water supplies 
supplying populations over 500 has been assessed 
as a highly cost-effective strategy for prevention 
of dental caries in New Zealand.28 Research indi-
cates that populations living in deprived areas 
may show the greatest reduction in dental ambu-
latory sensitive hospitalisations as a result of 
community water fluoridation.29 At present, no 
reticulated water supplies in Northland are fluo-
ridated.30 Consideration should be given to water 
fluoridation for dental protection in Northland, a 
position which is supported by NDHB.28,30 
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There is limited evidence that oral health edu-
cation alone can improve dental hygiene.31 How-
ever, a multi-component approach including oral 
health promotion in schools, provision of fluo-
ride-containing toothpaste, oral health training of 
non-dental professionals and limitations on mar-
keting and sale of high-sugar food and beverages 
may be beneficial.31 Further study is currently 
underway to develop and evaluate interventions 
to reduce oral health disparities for Māori.32

Previous research suggests that improvement 
in oral hygiene by regular dental scaling is asso-
ciated with a significant decrease in risk of IE.33 
Access to affordable dental care is particularly 
important for high-risk groups such as elderly 
Māori and patients with prosthetic valves, RHD, 
congenital valve disease or previous IE. Inter-
national guidelines recommend that high-risk 
patients undergo dental follow-up twice a year.34,35 
This could be logged on a registry to facilitate 
auditing and reminder systems. It would also be 
informative to audit antimicrobial prophylaxis for 
the prevention of IE against national guidelines. 

It is recommended that clinicians in North-
land maintain a high index of suspicion for IE 
and have a low threshold for performing pre-an-
tibiotic blood cultures and TOE. A diagnosis of IE 
should be considered in all patients presenting 

with stroke or systemic emboli, particularly in the 
presence of fever or elevated CRP. Development 
of an NDHB clinical practice guideline for inves-
tigation and management of suspected IE (includ-
ing indications for transfer to ADHB and inpatient 
dental review) and improved local access to TOE 
may facilitate earlier diagnosis and valve inter-
vention. We support previous recommendations 
to establish a systematic New Zealand IE registry 
under the auspices of the Ministry of Health.9 A 
registry would allow monitoring of IE incidence, 
management and outcomes at a national and dis-
trict health board level and provide extensive 
opportunities for further auditing and quality 
improvement in New Zealand. 

This study highlights that IE is causing alarm-
ing morbidity and mortality in Northland and 
consuming significant healthcare resources. Fur-
ther qualitative and quantitative research into the 
barriers to dental care and to early diagnosis and 
treatment of IE in Northland may help to guide 
strategies for prevention and healthcare equity. 
Investment in equitable expansion of community 
water fluoridation, oral health promotion and 
publicly funded dental services in Northland has 
the potential to be cost effective for preventing IE, 
in addition to the marked other health benefits of 
improved dental health for patients.
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