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Abstract
Objectives
Evaluating the outcomes of enhanced case management (ECM)

for patients with tuberculosis (TB) in the North Central

London TB Service (NCLTBS).

Design
Retrospective cohort study.

Setting
The NCLTBS provides care for persons diagnosed with TB

across north and central London. Management involves both

medical and psychosocial support, leading to the implemen-

tation ECM to provide additional non-clinical assistance to

patients at risk of treatment non-completion. However,

there has been limited evaluation of its outcomes.

Participants
All adults with TB notified to NCLTBS between January

2013 and June 2021.

Main outcome measures
Descriptive socio-economic and clinical characteristics grouped

by binary ECM status (yes/no) and level (0–3). Clinical outcomes

at 12 months (completed treatment, death, lost-to-follow-up,

continuing on treatment) were compared using multivariable

logistic regression.

Results
Totally, 2437 patients were included (57.2% male, 79.1% born

outside the UK). Overall, 82.3% completed treatment and

4.1% died. Factors associated with mortality included older

age (over 70 years odds ratio (OR) 3.3), inpatient diagnosis

(OR 4.4), and mental health issues (OR 2.2). 52.8% received

ECM, with the proportion increasing over time, and 76% of

this group successfully competed treatment.

Conclusions
This comprehensive evaluation of ECM in a diverse London

population indicates high treatment completion rates even

among those with multiple social risk factors. However,

ECMneeds of patients has increased over time,with a particu-

lar rise in patients requiring the highest support level. Given

the small difference between standard care and ECM categor-

ies 1 and 2, there may be scope to simplify the system.

Keywords
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Despite a general reduction in the amount of tubercu-
losis disease (TB) in the UK since 2011, TB remains
a significant clinical and public health issue, with 4425
cases notified in 2021, and an increased incidence
recorded between 2022 and 2023.1 The UK Health
Security Agency (UKHSA) collects data on social
factors associated with a greater risk of treatment non-
completion, namely: harmful alcohol use, drug misuse,
homelessness and history of imprisonment; and consid-
ers two additional risks (mental health and asylum
seeker status). The proportion of people diagnosed
with TB with social risk factors has increased from
8.9% in 2011 to 12.7% in 2020.2 Improving treatment
and outcomes of patients with social risk factors is a
core element of the TB Action Plan for England
(2021–2026).3
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The North Central London TB Service (NCLTBS) is a
network of clinics responsible for investigation and man-
agement of TB across a large urban area of North
London. The network cares for around 200–250 persons
diagnosed with TB each year. In 2010 the service imple-
mented a system of cohort review, comprising a quarterly
appraisal of key clinical outcomes designed to improve
service delivery, patient management and public health
practice. This was derived from a similar system recom-
mended by the US Centers for Disease Control and
Prevention.4,5 In 2013 cohort review was supplemented
by implementation of the UK Royal College of Nursing
(RCN) individual case management system, where, on
notification, patients undergo a holistic appraisal of their
clinical and social circumstances and are assessed as
requiring either standard case management (SCM), that
is, are able to independently take their anti-TB medication
and attend for routine follow-up, or enhanced case man-
agement (ECM), where they require a higher level of clin-
ical, psychological and social support, as shown in
Table 1.6 This type of person-centred intervention is
important as an increasing proportion of new diagnoses
are culture positive, creating a risk of onward transmission
or development of drug resistance if inadequately treated.7

ECM is provided to the most complex patients, includ-
ing those with issues around drug and alcohol use, mental
health concerns, or who are homeless. It offers a range of
measures including referral to other health and social ser-
vices, as well as increased frequency of home visits.
Features of ECM are presented in Table 1. Patients iden-
tified as requiring ECM receive support from clinical and
social service agencies to provide ongoing assistance
throughout the treatment period.6

In 2019, due to the number of patients requiring ECM,
and based on further guidance from the Royal College of
Nursing, a holistic, qualitative assessment of patient
needs was used to identify which of three levels of
ECM was required for each patient.6 The aim was to
improve the flexibility of the ECM system, identify
those most at risk of poor outcomes, and provide appro-
priate levels of support to mitigate these. However, it is
resource intensive and requires significant input from
nurses, allied staff in the TB service and external agen-
cies, in during the ECM assessment, triage and subse-
quent long-term follow-up.

Despite the significant resources required to deliver
these services there has been little assessment of the
ECM system since 2017, and no validation of the levels
in the triage system. Here we present the results of a retro-
spective observational cohort study to describe and evalu-
ate the use of ECM in TB patients notified to NCLTBS
between 2013 and 2021, comparing the outcomes of
those who did and did not receive ECM, and investigate
the factors associated with additional risk of poor
outcomes.

Methods

Records that were notified to the NCLTBS between 01/01/
2013 and 30/06/2021 were extracted, duplicates were
removed, with first episodes included where multiple epi-
sodes per patient were identified. Cases that had been
de-notified and cases where notified after death were
removed. Patient outcomeswere updated toDecember 2023.

Local ECM status was added to each record. Ethnicity
codes and self-reported ethnicity were aggregated into

Table 1. Standard and enhanced case management levels with indication of additional support offered.

Enhanced case

management level Example risk factors Interventions

Standard Case

Management

No risk factors identified for poor treatment outcomes Standard management: including case manager appointments

or phone contacts at weeks 1 and 2, and months 1, 3, 4

and 5, in addition to doctor appointments at diagnosis, 2

and 6 months.

ECM 1 Single risk factors identified, for example, older age, socially

vulnerable, anxiety diagnosis, previous TB diagnosis,

language barrier.

Increase nurse-led follow-up frequency, which may include

additional nurse-led appointments and home visits.

ECM 2 Significant risk factors identified, for example, previous

non-compliance with TB treatment, single drug resistance,

disease transmission within contacts.

Increased nurse led follow up, possibly necessitating

involvement of additional services, such a social care

involvement

ECM 3 Multiple risk factors identified, for example, complex social/

medical and/or mental health issues, for example persons

with mental health and substance misuse problems living in

temporary or insecure accommodation who rarely attend

booked appointments, or with multi-drug resistant TB.

Likely to require multiple additional services, such as regular

home support, including case manager, nurse and social

care visits, and directly or video observed therapy
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ethnic group categories (see Supplementary Table S1).
Records for children under the age of 18 were excluded.
The total adult cohort was analysed using a binary
ECM status (yes or no) and compared to socio-economic
risk factors. A secondary analysis was then undertaken
with those notified between 01/01/2013 and 31/03/2019,
where ECM status was a binary outcome (yes or no);
and between 01/04/2019 and 30/06/2021 where ECM
was categorised as levels 1, 2 and 3. Descriptive statistics
were calculated for the whole cohort, age groups, and
ECM status sub-groups.

Six outcome measures were considered, which were
derived from the treatment outcome recorded in the data-
base 12 months after notification: completed treatment,
died, continuing on treatment at 12 months (CoT),
lost-to-follow-up (LTF), transferred out (TO) to another
TB service, and treatment stopped (TS). Records with
no outcome recorded (database not completed or
updated with12-month outcome by December 2023)
were excluded. Associations between binary outcomes
were undertaken with multivariate logistic regression
using a stochastic average gradient method with
Gaussian prior regularisation. Variables with collinearity
correlations of >0.7 were not considered independent.
Chi-squared testing was performed with Yates’ correc-
tion. All analysis was conducted in KNIME Analytics
(v5.2.0, Zurich, Switzerland). As this was a service evalu-
ation of routinely collected anonymised healthcare data,
individual patient consent was not required. The study

was registered as a Quality Improvement Project at the
Royal Free Hospital NHS Foundation Trust.

Results

The total number of notifications recordedwas2889, ofwhich
125 were duplicate entries for the same notification, 11 were
later de-notified, and 3 were post-mortem diagnoses. A
further 178were secondarynotifications forpersonswithmul-
tiple notifications, where the first instance of notification was
included. Of the remaining 2572 individual patients, those
under 18-years old (n=131), and those with no 12-month
outcome recorded (n=4) were excluded and 2437 entered
the outcomes analysis (Supplementary Table S2). Patient
flow through the analysis is presented in Figure 1.

Of this group, 82.3% completed treatment (n=2006),
4.1%died (100), 2.2%were LTF (54), 8.2%were continuing
on treatment (201), and 3.2% (76) had other outcomes (31).
57.2%weremale, 47.5%were aged between 18 and 39 years
anda further 33.2%between40 and59years. 79.1%werenot
born in the UK and thus the cohort was ethnically
diverse with 32.0% black, 26.6% white and 24.3% from
Asian (Indian, Pakistani, Bangladeshi) backgrounds. Most
lived in relatively deprived areas (27.9% in the two most
deprived deciles 1 and 2, and 35.8% in deciles 3 and 4). Of
recorded social risk factors 5.5% reported a history of drug
use, 3.8% problematic alcohol use, 7.1% homelessness,
8.8% of a mental health condition and 4.1% had a prison
history.

Figure 1. Inclusions, exclusions, and 12-month outcomes of patients in the analysis.
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Enhanced case management

During the study period 1287 (52.8%) were triaged by the
nursing team to requireECM.Of thosewhocompleted treat-
ment 48.8% received ECM, compared to 79.6%, 67.0% and
64.8% and of those who were continuing treatment, died
and LTF, respectively (Supplementary Table S2).

The annual proportion of patients assessed as requiring
ECM is shown in Figure 2 and the proportion with
assessed ECM levels in Figure 3. Although total
numbers of notifications decreased since 2013 from 387
to 215, the proportion of those patients triaged to
receive ECM increased from 35% to 84%, with a minority
(16%) of patients treated without ECM.

Figure 3 shows the proportion of patients triaged to
ECM levels since 2019. The proportion triaged to ECM 3
increased over this time from 28% to 53%, with the
proportion not triaged to receive ECM falling from 24%
to 14%.

Table 2 shows the demographic, clinical and outcome
characteristics of those who were assessed as requiring
ECM and those who were not. Compared to patients
who completed treatment without ECM, a higher propor-
tion of those receiving ECM died (2.9% vs 5.2%, p≤
0.001), were LTF (1.7% vs 2.7%, p= 0.02), and contin-
ued treatment at 12 months (3.6% vs 12.4%, p≤ 0.001).

This suggests that despite ECM, there is some residual
risk in these groups of patients.

Table 3 shows the number and proportion of patients
with each treatment outcome for each individual risk
factor, as well as the total number of risk factors per
patient, classified by ECM status. Overall, 363 (14.9%)
had at least 1 risk factor recorded.Most patients in each cat-
egory required ECM (67–79%), with lowest completion
rates in those with mental health concerns (67.4%). Two
patients with mental health concerns died without receiv-
ing ECM and of those with alcohol use issues, 1 died
without receiving ECM. In addition, 2 patients with
mental health concerns did not receive ECM and were
LTF. Eighty-eight percent (217) of 247 patients with 1
social risk factor required ECM and 10% (25) did not.
Three from the latter group died (and all were early-on
during their first inpatient admission), and 2 were LTF.
Only 3 patients with 2 or more risk factors did not
require ECM, and all completed treatment. Overall, the
majority of patients who needed ECM support received
ECM and the great majority successfully completed
treatment.

The demographic and social characteristics of patients
by ECM Categories (no ECM, Categories 1 and 2 com-
bined and Category 3) are shown in Supplementary
Table S3. There was little difference between no ECM

Figure 2. Notifications to the NCLTBS categorised as not requiring ECM (blue) or needing ECM (orange) between 2013 and

2020.
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and ECM 1 and 2, but higher proportions of social risk
factors in ECM 3. This also indicates that mortality was
concentrated in the ECM 3 group (7.5%, vs 0% for no
ECM and 1.9% for ECM 1 and 2 combined), though treat-
ment completion remained high at 73.4%.

Treatment outcomes

Within the whole cohort, we compared factors in patients
who completed treatment to those who died, were lost to
follow up, and continued treatment past 12 months.
Univariate comparisons are presented Supplementary
Table S4 and the results of multivariate logistic regression
are presented below. Evaluation for collinearity for vari-
ables identified none with a correlation factor of >0.7
(although drug use and prison history, and homelessness
and prison history were closely associated at 0.67 with
mortality as the outcome).

Factors independently associated with a higher risk of
death were age over 60 (60–69 years OR 1.9, 95% confi-
dence intervals 1.1–2.8), and 70, OR 3.3 (1.9–4.6), those
who were inpatients when diagnosed with TB, OR 4.4
(2.7–6.0), and people with mental health concerns affect-
ing treatment, OR 2.2 (1.0–3.4). People of black ethnicity
were less likely to die when compared to people in the
white ethnic group, OR 0.6 (0.4–0.9), whereas no associ-
ation was observed for other ethnic groups. Other socio-

economic factors were not identified as having a signifi-
cant association with mortality.

No factors were identified as having a significant asso-
ciation with being LTF, which is likely to result from the
small numbers in this group (n= 54).

Factors associated with increased risk of continuing
treatment at 12 months were:

• Being an inpatient at diagnosis, OR 2.7 (1.9–3.4)
• Isoniazid resistance, OR 3.3 (2.2–4.8)
• Rifampicin resistance, OR 1.9 (1.0–3.0)
• DOT treatment, OR 1.7 (1.1–2.3)
• Extrapulmonary TB as site of disease, OR 1.4 (1.0–1.8)

These factors largely indicatedisease severity (inpatient status,
complex extra-pulmonary site such as intracranial TB) or
resistance (including the provision of DOT for all multi-drug
resistant isolates), where longer treatment courses are recom-
mended, and thus duration in this group would not be modi-
fied by the provision of ECM. Rifampicin resistance is used
here as aproxy formultidrug resistance, as the additional treat-
ment duration is required in rifampicinmono-resistance and is
highly correlated with multi-drug resistance.8 In addition,
male patients had a slightly lower risk of longer treatment
durations, OR 0.7 (0.5–0.9).

Figure 3. Notifications to the NCLTBS categorised as not requiring ECM (blue) or needing ECM (orange shading) at levels 1, 2 or

3, between January 2019 and June 2021. JJ= January to June, JD= July to December. Note: Not all patients notified in JJ 2019 were

triaged, as this is when 3-level ECM commenced.
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Discussion

This study presents the most comprehensive evaluation of
ECM since its implementation in 2013. The total number
of patients notified to NCLTBS has decreased over time fol-
lowing the implementation of enhanced screening for
persons migrating to the UK, requiring treatment for TB in
their country of origin.9 However, the proportion requiring
ECM has climbed, with half of patients assessed as needing
additional support. Since ECM was sub-categorised in
2019 into 3 Levels the proportion of people requiring the
highest level (ECM3)has also risen.Currently, only aminor-
ity of patients do not receive ECM. The reasons for this are
multifactorial and are likely associatedwith increasing socio-
economic risk for non-adherence or poor outcome.However,
we cannot discount the effect of the TB nursing team being
more aware of the availability of interventions that are asso-
ciated with ECM status. Future work should explore which
supportive interventions are most beneficial (and hence
ought to be available) for the majority of patients.

Compared to national data, the total proportion of
persons in our cohort was higher for those with at least
1 social risk factor (14.9% vs 12.7%), drug use history
(5.5% vs 4.4%) and homelessness (7.1% vs 4.3%).
Proportions were similar for harmful alcohol use (3.8%
vs 4.5%) and previous imprisonment (4.1% vs 4.0%).2

Table 2. Socio-demographic characteristics and outcomes of

patients who did and did not receive enhanced case

management.

Category Variable ECM NO ECM

n % n %

Sex Female 543 42.2 500 43.5

Male 744 57.8 650 56.5

Age group 18–29 306 23.8 327 28.4

30–39 250 19.4 275 23.9

40–49 243 18.9 217 18.9

50–59 202 15.7 147 12.8

60–69 124 9.6 106 9.2

70+ 162 12.6 78 6.8

IMD Quintile 1 Least deprived 389 30.2 292 25.4

2 466 36.2 407 35.4

3 224 17.4 246 21.4

4 153 11.9 145 12.6

5 most deprived 55 4.3 60 5.2

Ethnic group White 372 28.9 277 24.1

Unknown 5 0.4 10 0.9

Black 457 35.5 324 28.2

Asian (IPB) 250 19.4 343 29.8

Asian (East) 68 5.3 71 6.2

Mixed 15 1.2 10 0.9

MENA 66 5.1 57 5.0

Latin American 11 0.9 10 0.9

Other 43 3.3 48 4.2

Born UK No 987 76.7 941 81.8

Drug use Yes 128 9.9 7 0.6

Homelessness Yes 167 13.0 5 0.4

Prison Yes 96 7.5 5 0.4

Alcohol Yes 91 7.1 2 0.2

Mental health Yes 196 15.2 19 1.7

Previous TB Yes 65 5.1 39 3.4

(continued)

Table 2. (continued)

Category Variable ECM NO ECM

n % n %

DOT Yes 415 32.2 12 1.0

Inpatient Yes 523 40.6 251 21.8

Isoniazid Resistant 133 10.5 34 2.9

Rifampicin Resistant 31 2.4 2 0.2

Treatment Completed 979 76.1 1027 89.3

Died 67 5.2# 33 2.9#

LTF 35 2.7* 19 1.7*

CoT 160 12.4# 41 3.6#

TO 27 2.1 23 2.0

TS 19 1.5 7 0.6

Asian (IPB): Indian, Pakistani, Bangladeshi; CoT: continuing on

treatment at 12 months; DOT: directly observed therapy; ECM:

enhanced case management; IMD: index of multiple deprivation; LTF:

lost to follow-up; MENA: middle-eastern and north African; TO:

transferred out of the TB service; TS: treatment stopped.

* X2 testing: p= 0.02.
#X2 testing: p≤ 0.001.
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There was also a high proportion with mental health
issues affecting treatment (8.8%), which was not reported
in the national data until 2022. Of TB patients in the
highest risk groups only 2 did not receive ECM, both of
whom had good TB treatment outcomes, suggesting
that patients were being appropriately assessed and
triaged. Compared to the overall completion rate
(82.3%), those with social risk factors had slightly
lower completion rates, but these were similar irrespective
of whether they had 1, 2–3, or 4 or more risk factors
(72.3%, 73.7% and 76.9%, respectively). However,
only small numbers of patients with social risk factors
did not receive any ECM interventions, and a very
small number did not receive ECM and had a negative
outcome: 3 deaths, with death occurring as inpatients
shortly after diagnosis), whilst 2 were LTF.

We identified age as a significant factor in poor outcomes.
Within thecohort, 1 in5patientswere agedover 60, however,
two-thirds of the deathswere in this group. Of patients 60–70

+, 184 did not receive any ECM support, suggesting there
may be a role for increasing support to older age groups.
The reason that people from black ethnic groups had lower
may be because patients from white ethnic backgrounds
present later, which may contribute to disease severity.10

Or it could be related to the higher incidence of new HIV
diagnoses in people from black ethnic backgrounds and
thus may be screened through HIV services with TB diag-
nosed early.11 However, further work is required to further
unpick this association.

With the implementation of the 3 tiers of ECM
support, a large proportion of patients fall into ECM
level 3. Despite this, there remains residual risk of nega-
tive outcomes in this group. Given the relatively small dif-
ference in care provided between standard care and ECM
levels 1 and 2, the current three-tier ECM could be
streamlined into a smaller number of categories, allowing
TB services to focus on those requiring the highest level
of support.

Table 3. Type and number of social risk factors and outcomes of patients by enhanced case management status.

Risk factor ECM status

Completed Died LTF CoT

n % n % n % n %

Drug use No 7 5.2 0 0 0 0 0 0

Yes 98 72.6 3 2.2 7 5.2 18 13.3

Homelessness No 5 2.9 0 0 0 0 0 0

Yes 136 79.1 4 2.3 5 2.9 18 10.5

Prison No 5 5.0 0 0 0 0 0 0

Yes 79 78.2 1 1.0 5 5.0 10 9.9

Alcohol use No 1 1.1 1 1.1 0 0 0 0

Yes 72 77.4 6 6.5 2 2.2 11 11.8

Mental health No 14 6.5 2 0.9 2 0.9 0 0

Yes 145 67.4 15 7.0 5 2.3 27 12.6

Social risk factors (n)

1 No 25 8.3 3 1.0 2 0.7 0 0

Yes 217 72.3 14 4.7 6 2.0 25 8.3

2–3 No 3 2.3 0 0 0 0 0 0

Yes 98 73.7 7 5.3 6 4.5 17 12.8

4+ No 0 0 0 0 0 0 0 0

Yes 20 76.9 0 0 1 3.8 5 19.2

CoT: continuing on treatment at 12 months; LTF: lost to follow-up.
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Despite an overall reduction in case numbers, the
increasing complexity and higher requirements of ECM
have significant resource implications for the TB
service. The RCN recommends 1 case manager per 40
notifications requiring SCM, but 1 per 20 patients requir-
ing ECM.6 However, this does not take into consideration
the additional support from administrative staff and allied
health professionals. Further work is required to identify
the required skill mix to best support the complexity of
patients in TB services.

Overall TB outcomes in this cohort were good, with
most patients successfully completing therapy. Mortality
was 4.1%, compared to 4.9% nationally.2 Despite the
prevalence and impact of social risk factors, none were
associated with mortality when comparing patients who
completed treatment to those who died in this cohort.
Although it is not possible to determine whether this
was a result of the additional support provided through
the ECM system, or the proportion of deaths attributable
to TB in people with and without ECM, it is reassuring
data, given the historical evidence of negative outcomes
associated with these social risk factors.

Our results are in line with previous research which
demonstrated considerable need for ECM. Although there
may be differences in categorisation, data published from
another regional TB service in England, found 64%patients
required ECM with 14% in the ECM3 group.12This study
also noted there to be a useful discrimination between the
three ECM categories, suggesting either differences in the
underlying risk factors between different areas of
England, or differences in using the ECM categories.
However, outcomeswere progressivelyworsewith increas-
ing ECM tier, despite the additional support provided. This
suggests that the ECMcategorisation does not fullymitigate
the risks of negative outcome.Work is underway to identify
what further interventions may help here.13

Case management has been widely implemented in TB
services, including those in London, and provision of
ECM is recommended by the National Institute of Health
and Care Excellence and the RCN.6,14 Due to the diffuse
and variable nature of this type of intervention there is
little evidence showing the benefit of its use. However
there is evidence of ECM contributing to reduced LTF
rates and improved outcomes in people experiencing home-
lessness and increased adherence in peoplewhouse drugs in
low-incidence settings, which is consistent with our find-
ings.15 As an approach to inclusion health, ECM can
provide essential co-ordination across multiple health and
social care services for the most marginalised patients.16

Increasing complexity of individual patients’ circumstances
is associatedwith increased resources required tomeet these
needs.17 The trade-off with the risk of poor health outcomes
with un- or under-treated TB and further disease spread is
important to consider and may support cost-effectiveness,
although evidence is lacking.15 Further research and

evaluation are required to determine the most efficient
way of providing ECM support.

Limitations

This study is retrospective in design and does not contain
a comparison group not receiving ECM for a given set of
risk factors. Therefore, it is not possible to determine the
true benefit of ECM. Other risk factors may be important
for TB outcomes, such as co-morbidities, smoking status,
HIV co-infection and under-nutrition, and these were not
included in this analysis.

Conclusions

Despite decreasing numbers of notifications to the
NCLTBS in recent years, the proportion of patients
triaged to receive ECM has increased to 85%. Very few
people with social risk factors did not receive ECM
support. The increasing level of ECM support required
has significant resource implications and should be con-
sidered in future TB service planning and funding. Our
data suggest that one approach might be to simplify the
current 3-tier ECM categorisation.
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