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ABSTRACT

Background: Critical care is the care of patients with immediately life-threatening disease or
injury. The substantial global burden of critical illness is especially high in low resource
settings. There is a striking lack of knowledge about the quality of critical care in such
settings and about how to improve care.

Aim: To assess the quality of critical care in low resource settings and to evaluate methods
for identifying critical illness and improving critical care.

Methods: All studies were conducted in Tanzania, a low-income country in East Africa.
Quality standards for critical care in low resource settings were developed and used to
evaluate a sample of ten hospitals in a cross-sectional survey. Deranged vital signs were
studied in patients at admission to hospital and to the Intensive Care Unit (ICU). Severe
derangements were defined as “danger signs” and combined to form compound scores. The
relationships between in-hospital mortality and deranged vital signs were assessed using
prospective cohort studies. A context-appropriate vital signs directed therapy (VSDT)
protocol was designed and implemented on an ICU using a multi-faceted approach. The
effects of VSDT on the acute treatment of critically ill patients and on mortality rates were
evaluated.

Results: There were deficits in infrastructure, routines and training for critical care. In
contrast, a majority of the necessary equipment and drugs were available. Single danger
signs, both at admission to hospital and to ICU were associated with mortality and were as
useful as the more complex compound scoring systems. Danger signs were common among
patients on ICU and the identification of a danger sign was rarely followed by an acute
treatment. The in-hospital mortality rate for patients cared for on ICU was 50%. The VSDT
protocol led to improvements in the care given for deranged vital signs. The mortality rate for
patients admitted with hypotension was reduced following the implementation of VSDT, but
not for all patients.

Conclusions: There is a lack of good quality critical care in low resource settings. Single
deranged vital signs identify critical illness and introducing a vital signs directed therapy
protocol can improve the acute treatment of critically ill patients and reduce mortality rates
for some patients.

Keywords: Critical Care; Vital Signs; Developing Countries; Emergency Treatment;
Hospital Mortality; Global Health; Quality of Health Care
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INTRODUCTION

Scholastica, a 20 year old woman, is taken by her family to a district hospital in Tanzania.
She is breathless and unable to talk or walk. She has pneumonia. She is about to die. The
staff on duty recognise that she is critically ill and admit her to the Intensive Care Unit, calling
a doctor for urgent help. Over the next three days, they keep her airway open, give her
oxygen to help her breathe, fluids to treat her shock and antibiotics to cure her infection. She
improves. She survives. She has been given Critical Care.

The idea for studying critical care in low resource settings came from my experiences in
Tanzania in 2005-6. My wife, Ulrika, and | were working as volunteer doctors in St Joseph’s
Hospital, Peramiho. | was struck by the huge number of patients like Scholastica who arrived
at the hospital in a critical state and needed immediate care. Together with the dedicated
doctors and nurses at Peramiho we worked to build up a system for giving critical care that
could function effectively despite the shortage of resources.

Two years later | was part of the group that started the Muhimbili-Karolinska Anaesthesia
and Intensive Care Collaboration, a partnership between the two university hospitals in
Tanzania and Sweden. The collaboration has since grown into the Life Support Foundation,
aiming to improve the access to, and quality of, critical care and basic life-saving
interventions. Much of the work in this thesis has been done within these organisations.

I am convinced that good quality critical care could save many lives throughout the world.
My hope is that the work in this thesis from low resource settings in Tanzania will add
knowledge and contribute to global critical care. Study | investigates patients arriving at two
centres in Tanzania, assessing the information that their vital signs provide about their risk of
dying. Study Il is a survey of the available structures and routines for emergency and critical
care in ten hospitals in Tanzania. Study Ill, from an intensive care unit in a university
hospital, assesses how sick the patients are, their outcomes, and the relationship between their
vital signs and in-hospital mortality. Study IV moves from observational to interventional
research, and evaluates the improvements to practice and mortality reductions following the
introduction of a newly developed vital signs directed therapy protocol.







BACKGROUND

CRITICAL ILLNESS

In this thesis, critical illness is defined as any immediately life-threatening disease or injury.
It is the most severe stage of acute disease, and if left untreated, often leads to the death of the
patient (Fig. 1).

Critical illness does not respect age, gender or social status. Nor is critical illness confined
within one medical specialty. Newborn babies, children, adults, pregnant women, patients
suffering from infectious diseases, non-communicable diseases or trauma — all can become
critically ill.

There are no reliable epidemiological data about the global burden of critical illness, but
critical syndromes such as sepsis and acute lung injury are common, suggesting a large,
underappreciated burden of several million deaths annually (1). The global trends of ageing
and urbanised populations, therapeutic advances that lead to the treatment of high risk
patients, increasing availability of surgical services and the consequences of natural and man-
made disasters will further increase this burden (1-3).

Increasing disease severity ——

i . . Severe iti £

Dlsea_se Minor illness - Critical | %

severity iliness | illness | 3

Health- . . Critical
Self-care Clinic Hospital

care care

Fig. 1 Acute disease severity and appropriate healthcare

CRITICAL CARE

Critical care is the care given to any patient with critical illness (Fig. 1). It is sometimes
falsely understood as synonymous with care given on intensive care units (ICUs). However,
critical illness often occurs outside of ICUs, such as in emergency departments, on wards, in
operating theatres and outside hospital (4). Critical care emphasises the life-saving and
supportive therapies that maintain vital organ functions, rather than the definitive treatments
and cures that are the focus of other medical specialties. The core of critical care is captured
by the ABC mnemonic Airway-Breathing-Circulation, first used in the 1950s for



cardiopulmonary resuscitation (5). ABC is widely used by critical care practitioners
throughout the world, reminding us of the priorities when assessing and treating the critically
ill.

History of critical care

The introduction of the most basic principle of critical care, close observation, is often
attributed to Florence Nightingale. In the Crimean War in the 1850s, she rearranged the
hospital beds so the most seriously ill were near to the nursing station. In the first decades of
the 20™ century, critical care developed with recovery units for post-operative patients, and in
the Second World War, shock units provided resuscitation for severely injured soldiers. In
Boras in Sweden in 1952, a post-operative unit opened that could provide advanced
monitoring and care (6). The first ICU opened in Copenhagen in the 1950s when ventilation
support was used to treat patients with polio and respiratory failure, saving hundreds of lives
(7-9).

Critical care in high resource settings

Since the 1950s, ICUs have been
transformed. A typical ICU in the 21
century is a technologically-advanced,
specialised medical unit managing
patients with multi-organ failure (Fig.
2). Critical care in such units can be
found in high resource settings
throughout the world (10-12).

Despite the abundance of expensive
equipment and therapies in modern Fig. 2 Modern Intensive Care Unit

ICUs, the principles of ABC remain

fundamental. A critical care clinician’s daily practice revolves around supporting the patients’
airway, breathing and circulation. The central importance of basic care is seen in the
increasing focus on patient safety, standardised approaches, guidelines and checklists (13-15).

depositphotos.com

The need for critical care is growing as the burden of critical illness increases. The proportion
of hospital services dedicated to critical care is rising (Fig. 3) and critical care is moving
outside its traditional home in the ICU (7). ICU outreach teams and “rapid response systems”
have been established in hospitals to provide care to critically ill ward patients (16-18). These
teams use the principles of critical care and ABC, often without high-tech intensive care
facilities, to prevent deterioration and reduce mortality (18,19).



YESTERDAY TOMORROW

HOSPITAL HOSPITAL
3-5% 20 - 30%

Fig. 3 Changing place of the ICU within the hospital

Schematic to demonstrate the increasingly large place that the ICU of tomorrow will
occupy within the hospital system compared with the past, with ICU beds representing a
much larger percentage of total hospital beds.

Reproduced with permission from Vincent, J.L. Critical Care 2013; 17: S2

LOW RESOURCE SETTINGS

Global resources are not equally distributed (Fig. 4). The term low resource setting is used in
this thesis for settings with few material and financial means. In healthcare this can entail
limited access to medication, equipment and supplies, under-developed infrastructure and a
lack of trained personnel. In low resource settings, a large proportion of the population live
under the poverty line of $1.25 per day, and face challenges concerning health information,
access to healthcare, transportation and out-of-pocket payments.

Low resource settings are mostly found in countries defined by the World Bank as low-
income countries (LICs) (20). Low-income countries spend on average $32 on health per
person per year while high-income countries spend $4600 (21). Low-income countries have
an average of 2.5 doctors per 10,000 population while high-income countries have 28.7 (21).

However, low resource settings and low-income countries are not always synonymous. There
are also resource inequalities within countries. For example, in some countries the proportion
of births attended by skilled health workers differs by up to 80% between the richest and
poorest subgroups (22). Richer subgroups in low-income countries access high resource
healthcare facilities that are often privately owned while poorer subgroups in middle-income
countries utilise low resource, state-run facilities (23-25).
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Critical illness in low resource settings

Low resource settings have a disproportionate amount of the global burden of critical illness.
Over 90% of global trauma deaths, maternal deaths and deaths from pneumonia, meningitis
and other infections are in low and middle income countries (26-28). Underlying poor health
status, malnutrition, or HIV can cause patients to be weak. Presentation to hospital is often
late due to long travel distances and an inability or reluctance to pay hospital fees — half of
child deaths in hospital occur within 24 hours of arriving at hospital (29). A quarter of
medical admissions were critically ill in one South African study (30). Acute disasters such as
the recent Ebola outbreak in West Africa can cause a further increase in critical illness
(31,32).

Critical care in low resource settings

All of these critically ill patients require critical care. Do they receive it? There is a striking
lack of knowledge about critical care in low resource settings (33). Several reviews describe
under-developed critical care (1,34-37). Uganda and Nepal, the only countries with published
data, have only one and seventeen ICU beds per million inhabitants respectively (38,39) (cf.
Sweden with 58 and Germany with 292) (40). Hospitals in Africa do not have the necessary
critical care resources to follow international sepsis guidelines (13,41). The sparse data that
have been published from ICUs in low resource settings report high mortality rates of 27-
82% (42-46).

It is not fully understood why critical care would be so neglected in low resource settings.
Possible explanations include a lack of capacity in training institutions; deficient physical
structures; missing drugs and equipment; a health system focus on vertical, disease-based
programmes; too few critical care physicians; an absence of clinical checklists or guidelines
and high rates of staff burnout (33,35,47-51). Underlying this is a lack of prioritisation by
policy makers. Critical care is usually absent from national and international health system
policies and plans; there is chronic underfunding and a lack of understanding that critical care
is possible in low resource settings (52).

VITAL SIGNS

A key element of critical care is the use of vital signs. Vital signs (heart rate, respiratory rate,
blood pressure, conscious level, body temperature, oxygen saturation) are markers of illness
severity. Deranged vital signs correlate with adverse outcomes such as admission to the ICU,
unexpected cardiac arrest and death (53-60).

Although checking a patient’s vital signs is a common hospital routine in both high and low
resource settings, they are not always checked regularly (61) and there can be deficiencies in
recognising when they are signalling clinical deterioration (62). Using vital signs for the
identification and treatment of critical illness is recommended and can lead to improved



outcomes (61,63,64). The practise of triage — prioritising patients by clinical need — is
frequently deployed in emergency departments and is usually based on vital signs (65,66).

In recent years, several initiatives in high-income countries have formalised the use of vital
signs to improve the care of the critically ill. Early warning scores (EWS), such as the
National Early Warning Score (NEWS) used throughout the United Kingdom, grade ward
patients by aggregating vital sign derangements to provide a single measure of illness
severity. With increasing score the risk of mortality rises (56,67,68). Rapid Response Teams
(RRT) consisting of staff specialised in critical care can be called to assess patients on the
wards when vital sign derangements go beyond a pre-defined trigger level (18). Goal
Directed Therapy (GDT) uses specified treatments to bring a patient’s vital signs towards
normalised levels (69). GDT was seen to reduce mortality by 30% in patients with sepsis in
the USA in 2001 (70) and led to a significant reduction in complications and hospital stay in
patients undergoing major surgery in the UK (71).

EWS, RRT and GDT have become a mainstay of critical care in hospitals in many parts of
the world including at Karolinska University Hospital in Sweden (19). Similar initiatives with
appropriate triggers and interventions for low resource settings have not been greatly studied.

GLOBAL HEALTH

This thesis lies within the discipline of global health, “an area for study, research, and
practice that places a priority on improving health and achieving equity in health for all
people worldwide” (72). Most global health work has been on prevention at a population
level with initiatives such as clean water, vaccinations and mosquito nets. However, a recent
focus has been on health policies and systems — improving the way that societies organise
themselves to achieve health (73). This includes considerations about the structure of care in
health facilities, the organisation of clinical care, and the relative strengths of preventative
and curative care.

Increasing access to care and the quality of clinical care is the central aim of the current
global health drive towards Universal Health Coverage (74). Proponents of an increased
emphasis on clinical care include those calling for a roll-out of surgical services to all parts of
the world (2,75,76). Many people worldwide lack access to safe and affordable surgery, and
several studies have found surgery and other hospital-based clinical care to be as cost-
effective as preventative care (76-80).

Although global guidelines have been developed for clinical services such as trauma (81),
paediatrics (82) and emergency obstetric care (83), critical care has been neglected by the
global health community. Several authors have recognised the pressing need for research to
investigate the current state of critical care services, to find appropriate ways of identifying
patients with critical illness, and to develop and test methods for improving critical care when
resources are limited. (35,52,84).



AIM OF THE THESIS

Overall aim

To assess the quality of critical care in low resource settings and to evaluate methods for
identifying critical illness and improving critical care.

Specific aims

e To assess the quality of critical care in low resource settings

e To investigate the association between deranged vital signs and mortality in low
resource settings and to evaluate whether single deranged vital signs are as useful as a
compound scoring system

e To evaluate if a vital signs directed therapy (VSDT) protocol improves the acute
treatment of patients with deranged vital signs

e Toevaluate if VSDT improves outcomes for critically ill patients
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MATERIALS AND METHODS

STUDY SETTING
Tanzania

All  four studies have been
conducted in the United Republic ::. :
of Tanzania in East Africa. Since = "
independence in the 1960s,
Tanzania has been a stable
democratic  republic, without
major armed conflicts. It is a
low-income country with an
annual Gross National Income
(GNI) in 2014 of $930 per capita.
GNI has grown at more than 5%
per year since 2005 but 43% of
the 49 million population live ) )

on less than $1.25 per day (85). Fig. 5 Africa Modified from depositphotos com

o

Central African Republic

In 2014 Tanzania was ranked 159 out of 186 countries in the United Nations Human
Development Index (86).

Tanzania Sweden
Population 49 million 9.6 million
GNI per capita $930 $61,600
Per capita annual expenditure on healthcare $42 $5,293
Expenditure on healthcare as % of GDP 7.1% 9.6%
Number of doctors 1,470 37,000
Number of doctors per 10,000 population 0.3 39.3
Number of nurses 21,000 106,000
Life expectancy (years) 63 82
Maternal mortality (ratio per 100,000 live births) 410 4
Newborn mortality (per 1000 live births) 21 2
Child mortality (under 5s per 1000) 52 3
Female Adult mortality (deaths aged 15 - 60 per 1000) 24 4

Table 1 Health indicators in Tanzania and Sweden

GNI Gross National Income GDP Gross Domestic Product
Sources: World Bank (85) and World Health Organisation (21)

11



Health in Tanzania

As can be seen in Fig. 4, Tanzania is situated roughly in the centre of LICs in terms of health.
Average life expectancy is 63 years, child mortality is 52/1000 and maternal mortality is 410
per 100,000 live births (Table 1). Recent years have seen an improvement in health statistics,
with a halving in child and maternal mortality since 1990 (21).

The health system in Tanzania is organised as a pyramid. At the base are the village health
workers and primary care clinics. Each of the 132 districts has a district hospital, and the 18
regional hospitals provide referral and more specialized care. At the tip of the pyramid are the
four referral hospitals, including the largest, Muhimbili National Hospital in Dar es Salaam.
Almost one-third of health services in Tanzania are run by non-governmental organisations
(NGO:s), in particular faith-based organisations (87).

There are several ongoing challenges for the health system in Tanzania. The rising trend of
non-communicable diseases such as diabetes, heart disease and cancer at the same time as the
long-standing infectious diseases has led to a double disease burden (88). There is a large
shortage of health workers — the country has only 20% of the number required according to
the Ministry of Health’s guidelines (89,90). Clinical supervision and quality control of health
facilities are problematic and national guidelines are not reliably implemented into practice
(90-92). The vertical programs such as those for HIV/AIDS, malaria and TB risk competing
for health workers and are not always integrated into overall health system strengthening
(92). Providing good quality care in health facilities in the context of these challenges can be
difficult (93-95).

12



STUDY AREAS AND POPULATION

Uganda Fig.6
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Study 1 took place in two hospitals in South-west Tanzania: St Joseph’s Hospital, Peramiho
and Songea Regional Hospital (Fig. 6). The hospitals serve as first and second level referral
centres for a largely rural population of an estimated 1 million people in Ruvuma Region. St.
Joseph’s Hospital, with 400 beds, is an NGO-run hospital in Peramiho. Songea Regional,
with 350 beds, is a state-run regional hospital.

The survey in Study Il was of ten hospitals in four regions of the country, serving a total
population of 6.8 million (18% of the population of mainland Tanzania). Four are district
hospitals, three are regional hospitals, two are referral hospitals and one is an NGO-run,
private hospital.

Studies Il and IV took place in Muhimbili National Hospital, the 1500-bedded referral
hospital receiving patients from the Dar es Salaam area (approximately 4.5 million
inhabitants) and from other hospitals throughout the country.

13



METHODS

: . Study Study  Number of .
Study Title Design population period  subjects Analysis
Use of an early Cohort All patients over Oct - 709 Logistic
warning score 12 years old Nov patients regression,
| and ability to admitted to the 2005 predictive values,
walk predicts medical ROC curves
mortality... departments in
two hospitals
Emergency and Cross- 10 hospitals in Oct - 10 Descriptive
critical care sectional four regions Nov hospitals statistics
I services in survey 2009 including
Tanzania... calculation of
resource
availability scores
Single deranged  Cohort All adults cared Nov 269 Multivariable
physiologic for on the ICU in 2012 patients logistic
m parameters are one university - regression, chi-
associated with hospital Mar squared &
mortality... 2014 Wilcoxon rank-
sum tests
Vital Signs Before-and- All adults cared Nov 447 Multivariable
Directed after for on the ICU in 2012 patients regression
Y, Therapy: interventional one university - models, chi-
Improving study hospital May squared &
care... 2015 Wilcoxon rank-
sum tests

Table 2 Summary of the methods used in the four studies

STUDY |

Study | was a prospective, observational, cohort study of patients over 12 years old admitted
to the medical departments in two Tanzanian hospitals during a two month period. Vital signs
were measured at admission for 709 patients. After discharge or death, the patient notes were
reviewed and an Early Warning Score — a compound score of blood pressure, pulse rate,
respiratory rate, temperature and conscious level — was calculated. The association between
in-hospital mortality and deranged vital signs, EWS and ability-to-walk was assessed and
predictive values calculated.

STUDY Il

Study Il was a cross-sectional survey of ten hospitals in four regions in Tanzania to assess
the facilities, availability of resources and routines for emergency and critical care. Quality
was evaluated with standards developed using an expert group methodology. The proportion
of hospitals where each resource was available and “resource availability scores” for each
hospital were calculated with missing data excluded.
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Standards for Emergency and Critical Care

The expert group comprised of the researchers plus international anaesthesiologists and
physicians. Existing literature was reviewed and relevant standards were extracted from
international guidelines for trauma, paediatrics, surgery and anaesthesia. The standards were
revised via face-to-face meetings and email and telephone communication until consensus
was reached. The standards (see Appendix) were divided into eight sections: infrastructure;
human resources; training; drugs; equipment; routines; guidelines; and support services.

STUDY Il

Study 111 was a prospective, observational, cohort study of 269 adults during a 15 month
period on the ICU in Muhimbili National Hospital, Dar es Salaam. Photographs were taken of
all the observation charts on the ICU every day and data on the vital signs at admission to the
ICU were extracted to a database together with patient and admission characteristics. The
patients were followed up on the wards until discharge or death. Cut-offs for deranged
physiological parameters known as danger signs were defined a priori based on the
Karolinska University Hospital’s Medical Emergency Team protocol (Fig. 7). Their
associations with in-hospital mortality were analysed and single parameter danger signs were
compared to a compound scoring system.

Glasgow Coma Scale

Respiratory Rate / min

Inspired Oxygen

Oxygen Saturation

Heart Rate / min

Systolic Blood Pressure

Fig. 7 Danger signs in study 111

STUDY IV

Study 1V was a prospective, before-and-after interventional study of 447 patients on the ICU
in Muhimbili National Hospital, Dar es Salaam in a 2 % year period. Data collection methods
were the same as used in Study Il and the pre-implementation patients were the Study 111
cohort. The intervention consisted of the use of the Vital Signs Directed Therapy (VSDT)
Protocol, a context-appropriate protocol that specified actions when danger signs were
identified (Fig. 8).

Acute treatments of danger signs were compared pre and post-implementation at admission to
ICU for all patients. Acute treatments were also compared for every danger sign identified
during care on the ICU in a sample of three months pre-implementation and three months
post-implementation. In-hospital mortality rates pre and post-implementation were analysed.
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Vital Signs Directed Therapy

A protocol was required that fulfilled the following criteria: (i) be feasible given the time and
resource constraints in a low resource setting; (ii) include specified treatments that nurses can
give without a physician’s immediate presence; (iii) be modifiable by treating physicians; and
(iv) include prompts for more advanced therapies. Previously described protocols for Early
Warning Scores and Rapid Response Systems did not satisfy these criteria and so the VSDT
protocol was developed. A first draft of the protocol including the danger sign cut-offs used
in Study 111 was compiled by the researchers. An expert group (the researchers, ICU nurses
and physicians from Karolinska and Muhimbili, and two further experts in critical care in
low-income countries) iteratively revised the protocol via face-to-face meetings and email
and telephone communication until consensus was reached.

Implementation of VSDT

Implementation of the VSDT protocol was multi-faceted and conducted in a four week period
in Muhimbili. Standard operating procedures requiring the use of the protocol were written
and signed by the hospital administration and head of department. All ICU nurses and doctors
were trained in formal sessions in the hospital, and learning was reinforced with bedside
teaching. Clinicians in the other departments in the hospital and in the adjacent university
were informed about the protocol at several sensitisation meetings and seminars. Large
posters of the protocol were put up on the walls of the ICU. Two doctors and four nurses
were designated as local facilitators and received extra training to be able to reinforce the use
of the protocol during the post-implementation period. The protocol was attached to the
patients’ observation charts daily post- implementation. Following the implementation,
regular communication between the research teams in Sweden and Tanzania facilitated
logistics and allowed feedback on performance and outcomes. Four short supervisory visits
by members of the Swedish team were conducted post- implementation period.

STATISTICAL ANALYSIS

Stata (Release 12, StataCorp, Texas) and SPSS (v15, SPSS Inc., Chicago, USA) statistical
software were used. P-values <0.05 were considered statistically significant and 95%
confidence intervals were stated when appropriate. Data were summarized with mean,
median, range and inter-quartile ranges for numerical variables, and frequency tables for
categorical variables. Bivariate analyses used chi-squared test for categorical variables and t-
test or Wilcoxon rank sum test for numerical variables. Logistic regression was used for
associations with mortality and other binary outcomes. Multivariable models were built in
Studies I, 11l & IV. In Study 1V, generalized linear models were used to provide prevalence
ratios which are more intuitively interpretable than odds ratios. For analyses including
multiple data points from the same patient (clustered data), mixed-effects models and
generalised estimating equations were used. To estimate predictive values of vital signs,
receiver operating characteristic curves were generated in Studies I and 111.
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Fig.8 Vital Signs Directed Therapy Protocol

As used in Study IV
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ETHICAL CONSIDERATIONS

All the research in this thesis has been conducted in accordance with strict ethical principles.
Ethical clearance for each study was approved by the relevant ethical committees and local
authorities. The issues below were of particular consideration.

Benefit vs. Risk

Medical research is ethical only if the benefits outweigh the risks (96). The potential benefits
of researching improvements to the quality of critical care in low resource settings were
substantial. Results could lead to reduced mortality and morbidity, both for the subjects
studied and for future patients. Potential risks included harmful treatments to individual
patients and breaches of confidentiality. For each study these considerations were evaluated
and it was adjudged by the researchers, the local health staff and the ethical committees that
the benefits outweighed the risks.

Confidentiality and consent

All data that could be traced to individual patients in Studies I, 111 and IV were removed
before final analysis and reporting. Informed consent from patients was not possible due to
their critical illness and the service-wide quality improvement nature of the studies.
Information about the identity of the health staff interviewed in Studies Il and 1V was kept
confidential and removed before reporting. Consent was sought from all interviewees and
they were informed that they could withdraw from the research at any time. Data were stored
on secure, institutional servers.

International Research

It was seen as essential that the studies would assist in building research capacity in Tanzania.
All the studies were conducted as collaborations between institutions and researchers in
Tanzania and Sweden (and the UK in Study 1). The principal investigators and co-authors for
all studies came from both countries, and all were involved in study design, data collection,
analysis and write-up. Moreover, Studies Il-1V were embedded within the long-term,
ongoing MKAIC collaboration which aims to build capacity and improve services.

Ethics of observing critical care processes

A particular ethical challenge in critical care arises when studying the process of care. If a
researcher observes poor quality care, is she/he obliged to intervene? This challenge
precluded study designs involving direct observation by researchers trained as critical care
doctors or nurses. Instead, processes of care were evaluated in Study 1V by analysing the
care that had been documented on the patient observation charts.
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RESULTS

STUDY |

Use of an early warning score and ability to walk predicts mortality in medical patients
admitted to hospitals in Tanzania

77 of the 709 patients died in-hospital (10.8%). Vital signs at admission to hospital by EWS
category and their association with mortality are shown in Table 3. Low blood pressure was
associated with mortality (increasing from odds ratio (OR) 2.1 for mild hypotension to OR
6.3 for severe hypotension). Tachycardia (pulse rate >130) was associated with mortality (OR
2.6). Decreasing levels of consciousness were associated with mortality (OR 3.0 — 10.0).

EWS component score® 3 2 1 0 1 2 3
Systolic BP <70 71-80 81-100 101-199 2200
6.3 29 21 2.6
OR (95% ClI
(95% C1) (29.137) (12-7.0)  (1.2-3.6) (0.6-12.4)
Pulse rate <40 41-50 51-100 101-110 111-129 2130
35 1.8 1.6 1.0 2.6
OR (95% ClI
(95% Ch (0.4-34.7)  (0.2-15.0) (0.8-3.2) (0.5-2.1) (1.3-5.0)
Respiratory rate <9 9-14 15-20 21-29 230
NA 0.6 0.6 1.7

OR (95% C) (0.1-563)  (0-1-5.4) (0.2-14.6)

Temperature <35 35-38.4 238.5
1. N
OR (95% ClI) 8 0
(0.4-8.3) (0.2-2.4)
Conscious Level Alert Verbal Pain Unresponsive
(AVPU)
3.0 31 10.0

OR (95% C1) (13-6.8) (1.1-8.8) (2.8-35.5)

Table 3 Odds ratio of death by physiological parameters

EWS Early warning score indicates the grade of derangement from normal for each observation: summing these over the 5
categories gives the total EWS
BP blood pressure OR odds ratio NA not available AVPU Alert Verbal Pain Unresponsive

The risk of dying increased as the compound EWS increased (Fig. 9). A patient with a critical
EWS score of 5 or more had 2.9 times the odds of dying compared with a patient with a
normal score of 0 or 1 (95% CI 1.8 — 4.9). Inability to walk had a strong association with
mortality OR 6.5 (95% CI 3.3—12.9)
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Fig. 9 Odds ratios (OR) of death according to patient early warning score and walking
status on admission (dark grey and light grey bars, respectively)

Reproduced with permission from Trans R Soc Trop Med Hyg 2009;103:790-794

STUDY Il

Emergency and critical care services in Tanzania: a survey of ten hospitals

The characteristics of the ten hospitals in Tanzania that were studied can be seen in Table 4.

Hospital

1 2 3 4 5 6 7 8 9 10
Type District District District District Regional Regional Regional Referral Private Referral
Number of beds <200 200-400 200-400 200-400 >400 200-400 200-400 >400 <200 >400
Number of specialist qoctqrs 5 6 6 8 7 1 5 >50 18 25
(excluding anaesthesiologists)
Number of_speglallst 0 0 0 0 0 0 0 6 0 1
anaesthesiologists
Nymper of non-spguahst 0 3 3 1 1 3 3 12 0 4
clinician anaesthetists
ICU No No No No No No No Yes Yes Yes
Number of operating theatres 1 n/a 2 2 5 2 1 11 n/a 9

Table 4 Hospital Characteristics
ICU Intensive Care Unit n/a not available

Resource Availability Scores

The median Resource Availability Score was 71.1% (range 57.1% to 92.1%), calculated as
the percentage of resources available in each hospital, missing data excluded. The
referral/private hospitals had higher scores than district/regional hospitals (89.7% vs 70.6%).
Scores for routines (42.2%) and for infrastructure (50.0%) were lower than drugs (100%) and
equipment (90.0%) (Fig. 10).
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Indicators, divided into sections

Infrastructure

Less than one-third of the hospitals had an emergency room - the general outpatients
department or the inpatient wards were used for emergency patients. None of the district or
regional hospitals had an adult triage area or intensive care unit.

Human Resources and Training

The two referral hospitals had specialist Anaesthesiologists. Associate clinicians or nurses
provided anaesthesia in the other hospitals. None of the hospitals could satisfy the standard of
having all relevant staff trained in triage, emergency care or critical care. Two hospitals had
at least one staff trained in adult triage or critical care and three hospitals had at least one staff
trained in WHQO’s paediatric Emergency Triage & Treatment (ETAT).

Drugs and Equipment

Intravenous fluids, parenteral opioids, diazepam, antibiotics, blood pressure cuffs, naso-
gastric tubes, suction machines and gloves were available in all hospitals. Oxygen was
available in nine of the hospitals. Half of the hospitals had backup electricity generator. The
smaller district and regional hospitals had slightly less availability of drugs and equipment
than the larger referral and private hospitals (86.7% vs 100%).

Routines and Written Guidelines

There were formal systems of triage for adults in 40% of hospitals and systems for
prioritising the management of critically ill adults in 44%. There were routines for delaying
registration and payment until after triage and emergency treatment at all hospitals for
children and all except one for adults. Eighty-three percent of hospitals had routines for
increasing the frequency of observations for critically ill adults. However, clinician ward
rounds for critically ill patients were carried out more than once daily in only 30% of
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hospitals. None of the district or regional hospitals had written guidelines for adult triage,
emergency treatment or critical care.

Support Services

Facilities for checking haemoglobin, conducting bacterial gram stain, and performing chest x-
rays were available in all hospitals. Eighty percent of hospitals could perform bacterial
cultures and sensitivities and 90% could measure serum electrolytes. Emergency blood
transfusions were available in all hospitals and in 80% this could be done within one hour of
receiving a blood-group specimen.

Advanced Emergency and Critical Care

Four of the ten hospitals had mechanical ventilators. Arterial blood gas monitoring was
present in two hospitals and central venous pressure monitoring in one. Twenty-five percent
of all indicators were available across all hospitals, with more (80%) in referral/private
hospitals than in district/regional hospitals (20%).

STUDY Il
Single deranged physiologic parameters are associated with mortality in a low-income country

The average age of the 269 patients was 35 years (range 16-85) and 54% were female.
Twenty-six percent were planned admissions after elective surgery — three-quarters of these
were still intubated but were not treated with mechanical ventilation (delayed extubation).
Forty-two percent of the patients were admitted following emergency surgery and the
remaining 32% were medical patients.

IlIness Severity

Sixty-nine percent of patients had one or more danger signs at admission to ICU. The patients
had an average of 1.3 (range 0-5) danger signs. The median length-of-stay on the ICU was
1.8 days (30minutes — 66 days) and mortality on ICU was 44%. In-hospital mortality was
50%. The patients who had planned admissions had fewer danger signs, shorter length-of-
stay and a lower in-hospital mortality rate than the unplanned admissions (Table 5).
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All Planned Unplanned

n=269 admissions admissions
n=69 n=200 P
Patients without any danger signs n (%) 83 (31%) 49 (71%) 34 (17%)
<0.001%
Danger signs  Patients with one or more danger sign  n (%) 186 (69%) 20 (29%) 166 (83%)
Number of danger signs Mean (Range) 1.3 (0-5) 0.3 (0-3) 1.6(0-5)  <0.001°
Patients with NEWS <7 n (%) 101 (38%) 43 (62%) 58 (29%)
<0.001%
NEWS Patients with NEWS > 7 n (%) 168 (62%) 26 (38%) 142 (71%)
NEWS Mean (Range) 7.8 (0-18) 6.1 (0-12) 8.3(0-18)  <0.001°
24-hour mortality n (%) 39 (14%) 1 (1%) 38 (19%)  <0.001%
?g(t)ertsallty ICU mortality n (%) 119 (44%) 3 (4%) 116 (58%) <0.001°
In-hospital mortality n (%) 134 (50%) 5 (7%) 129 (65%) <0.001°
Length of Stay on ICU Median (Range in days) 1.8(0.02-66) 0.9 (0.7-15) 2.7 (0.02-66) <0.001"

Table 5 Iliness severity at admission, mortality rates and length-of-stay

Iliness severity at admission by danger signs and NEWS score; mortality rates and length-of-stay on the ICU, grouped into
planned and unplanned admissions

p-values compare groupings by ? chi squared for proportions and ® Wilcoxon rank-sum for non-parametric data

NEWS National Early Warning Score ICU Intensive Care Unit

Danger signs as prognostic factors for mortality

In-hospital mortality rates by the number of danger signs, heart rate and systolic blood
pressure can be seen in Fig. 11. The in-hospital mortality rate for patients with one or more
danger sign was 64%, compared to 18% without (p<0.001). The presence of a danger sign at
admission had a positive association with mortality (adjusted Odds Ratio (OR) 4.6 (95% CI
2.0-11.1 p<0.001) (Table 6). Mortality increased as the number of danger signs increased
(adjusted OR per increase of one danger sign 2.2 (1.5-3.3) p<0.001).

Each individual danger sign was associated with mortality with statistically significant
unadjusted ORs between 1.9 and 16.2 (Table 6). Danger signs for Glasgow Coma Scale
(GCS), respiratory rate and systolic blood pressure remained significant after adjusting.
Systolic blood pressure less than 90 mmHg had the strongest association (OR 16.2 (4.8-
54.0)). Severe hypothermia (body temperature <35.1 °C) (OR 0.3 (0.0-2.6) p=0.28), severe
hyperthermia (body temperature >39.1°C) (OR 1.0 (0.4-2.7) p=0.85), and hypertension
(systolic blood pressure >180) (OR 0.7 (0.1-7.5) p=0.74), were not associated with mortality.
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Fig. 11 In-hospital mortality rates by presence of a danger sign (A), number of
danger signs (B), heart rate (C), and systolic blood pressure (D) at admission

Missing vital signs excluded from graphs. Red bars represent danger signs and black bars represent normal

Other factors and mortality

Increasing age was associated with mortality — adjusted OR 1.03 per year (1.01-1.06)
p=0.003, but gender was not (OR 0.7 (0.4-1.5) p=0-16). The use of mechanical ventilation at
admission was associated with mortality (adjusted OR 3.5 (1.2-10.4) p=0.03) and a critical
NEWS score of >7 had an association with mortality (adjusted OR 2.5 (1.2-5.1) p=0.01).
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In-hospital Mortality

Odds ratios (95% Cl)

Without the With the
Physiological Derangement derangement derangement Unadjusted Adjusted
n'/n’ % n'/n’ %
One or more deranged 15/83 18.0%  119/186  64.0%**  81(43152)**  4.6(20-1L1)**
physiological parameter
NEWS > 7 32/101 31.7% 102/168 60.7%**° 3.3(2.0-5.6)** 2.5(1.2-5.1)*°
fgggﬂogl;s Level 43/132 32.6%  91/137  66.4%** 4.1(2.56.8)** 2.3(1.0-5.0)
Respiratory Rate x%3 c
(<8 or >30/min) 95/214 44.4% 39/55 70.9% 3.1(1.6-5.8)* 3.0 (1.1-8.0)*
Inspired Oxygen %2 N c
( 2 80% or 2 10L/min) 99/213 46.5% 35/56 62.5% 1.9 (1.1-3.5) 0.8(0.3-2.3)
Oxygen Saturation %3 * c
(<90%) 114/242 47.1% 20/27 74.1% 3.2(1.3-7.9) 1.5(0.4-5.4)
0
H R c
(<T(])rtoritf30/ min) 104/232 44.8% 30/37 81.1%**° 5.3(2.2-12.5)** 2.0(0.7-6.2)
Systolic Blood Pressure 98/230 42.6% 36/39 92.3%**° 162 (4.854.0)**  32.6(7.0-15L.0)**

(<90 mmHg)

Table 6 Mortality and association with physiological derangements at admission

In-hospital mortality and associations with physiological derangements at admission expressed as the presence of a danger
sign, a critical NEWS score and each individual danger sign

CI Confidence Intervals NEWS National Early Warning Score GCS Glasgow Coma Scale

n* number of patients that died n> number of patients

* p<0.05 ** p<0.001

2 chi-squared

odds ratios calculated with unadjusted and multivariable logistic regression

b Adjustments for age, admitting specialty, admitting ward, intubation and mechanical ventilation

¢ Adjustments for age, admitting specialty, admitting ward, intubation and mechanical ventilation and all other individual
danger signs

STUDY IV

Vital Signs Directed Therapy: Improving care on an Intensive Care Unit in a low-income
country

Of the 447 included patients, 269 were pre-implementation and 178 post-implementation.
The post-implementation patients were older than the pre-implementation patients, but other
baseline characteristics and illness severity were similar.

Danger signs

At admission, 70% of pre-implementation and 66% of post-implementation patients had one
or more danger sign. Overall, danger signs for respiratory rate (38%), heart rate (37%) and
systolic blood pressure (20%) were the most common. Conscious level (3%) and oxygen
saturation (2%) danger signs were less common.
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Acute-treatments

At admission, acute treatments of all danger signs increased after the implementation (72.9%
vs 23.1%, Prevalence Ratio (PR) 3.2 (Cl 2.2-4.5)) (Table 7). An increase in acute treatments
was seen for each individual danger sign. The largest increase at admission was for low
systolic blood pressure: 80.0% of hypotensive patients received intravenous fluids post-
implementation, compared to 36.1% pre-implementation (PR 2.2 (1.4-3.5)).

In the six sample months used for analysing care during the patients’ stay on ICU, acute
treatments of all danger signs also increased after the implementation (16.6% vs 2.9% (PR
4.9 (2.9-8.3)). Again, the largest increase was for low systolic blood pressure: 35.0% of
patients received an acute treatment of intravenous fluid post-implementation, compared to
4.1% pre-implementation (PR 6.4 (2.5-16.2)). Fig. 12 illustrates that the increase in acute
treatments occurred at the same time point as the implementation of the VSDT protocol.

Acute treatments

pre- post- Adjusted1 Adjusted1
implementation implementation Odds Prevalence
Ratio Ratio
N/Neot % n/Not % p-value (95% i) (95% 1)
All Danger Signs 36/156  23.1 62/85 72.9 | <0.001 | 9.2° (4.9-165)|3.2° (2.2-4.5)
GCS<9 4/22 18.2 8/11 72.7 | 0.002 [10.6" (1.8615) | 4.0° (1.5-10.4)
At Egs(f:rj;gryr:?r:ite 3/47 64 8/17  47.1 | <0.001 [14.8° (3.1709)|7.8° (242538
admission o, 0en Saturation <90% 9/23 391  12/14 857 | 0006 |10.5° (18-622)[2.2° (1338)
E:g:erltgo beats/ minute 7/28 250  13/17 765 | 0.001 |9.9% (24-411)[3.1° (156.1)
Systolic Blood Pressure <90 mmHg 13/36 36.1 21/26 80.0 | <0.001 | 7.6* (2.3-25.4)|2.2° (1.4-35)
All Danger Signs 38/1304 2.9 216/1299 16.6 | <0.001 | 3.7 (1.7-8.0) | 4.9° (2.983)
GCS<9 3/78 3.9 0/0
During Respiratory Rate <8 or >30 / minute 4/561 0.7 11/419 2.6 0.016 | 4.0° (1.2-12.8) | 4.1®> (1.3-12.6)
fg{f " Oxygen Saturation <90% 0/17 0.0 4/25 16.0 [ 0.083
Heart Rate <40 or >130 beats/min | 22/426 5.2 94/549  17.1 | <0.001 | 42> (17-100) | 2.7> (15-4.8)
Systolic Blood Pressure <90 mmHg 9/222 41  107/306  35.0 | <0.001 [14.5° (5.0-42.4) | 6.4° (2.5-16.2)

Table 7 Acute treatments carried out when danger signs detected at admission to the ICU
and during care on the ICU pre and post implementation

! Odds ratios and prevalence ratios adjusted for age

2 Odds ratios calculated with mixed-effects models when data were clustered within patients
% Prevalence Ratios calculated with generalised estimating equations when data were clustered within patients
* Odds ratios calculated with logistic regression
% Prevalence Ratios calculated with generalised linear models
n/n: number of times protocol adhered to divided by number of danger signs ICU Intensive Care Unit GCS Glasgow Coma Score
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Mortality

Overall in-hospital mortality rates did not change (49.4% post-implementation vs 49.8% pre-
implementation, p=0.94) (Table 8). For patients admitted with low systolic blood pressure,
mortality was lower post-implementation (69.2% vs 92.3%, p=0.02). To prevent the death of
one patient admitted with hypotension, the number-needed-to-treat with VSDT was 4.3.

In-hospital mortality

pre- post-
implementation implementation
) Adjusted Adjusted
N/Niot % n/Niot % vaFI’uel 0dds Ratio” Prevalence Ratio®
(95% Cl) (95% Cl)
All patients 135/269 49.8 88/178  49.4 0.94 1.1 (0.7-1.6) 1.1 (0-9-1.3)
One or more Danger Sign 119/187 63.6 72/117 61.5 0.71 11 (0.7-1.9) 1.1 (0.9-1.3)
Heart rate Danger Sign 30/37 81.1 12/17 70.6 0.39 1.8 (0.5-6.7) 1.2 (0.8-1.7)
g?grt]o"c Blood Pressure Danger 36/39 923 18/26 692 002 | 53  (@3225 13 (10217
Unplanned admissions 129/200 64.5 84/139 60.4 0.45 13 (0.8-2.0) 11 (0.9-1.3)

Table 8 In-hospital mortality in pre and post-implementation patients, by the presence of
danger signs at admission

n/ny number of deaths divided by number of patients

L chi2

2 odds ratios calculated by logistic regression, adjusted for age

% prevalence ratios calculated by generalised linear models adjusted for age
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DISCUSSION

METHODOLOGICAL CONSIDERATIONS

QUALITY ASSESSMENT

The first aim of this thesis was to assess the quality of critical care in low resource settings.
Understanding current quality of care is a necessary first step to make improvements.
Donabedian in 1978 constructed a model for assessing quality based on structure (physical
and human resources, training levels, organisation), process (how the care is delivered), and
outcomes (changes in health status) (97). In this thesis, Study Il evaluates the structure,
Study 1V the processes and Studies 111 and 1V the outcomes of critical care.

Measuring quality

To measure quality, a definition of good quality is required (98). In each medical field and for
each level of resources, standards are developed to provide such definitions, for example for
intravenous fluid therapy in the UK (99) and for safe anaesthesia globally (100). Standards
are often written by an expert group who reach a consensus following several rounds of
meetings or communications (101). The standards should be based on the best available
evidence which in low resource settings is challenging due to the paucity of research. The
standards developed in Study Il (see Appendix) used an expert group methodology with a
limited underlying evidence base, and without the possibility of validation. The ongoing aim
is for the standards to be refined as better evidence accumulates. In Study 1V an expert group
was also used to design the VSDT protocol.

Know-do gap

Improving quality can either involve discovering new and better ways of treating patients, or
by ensuring that existing knowledge is utilised effectively. Effective coverage of medical
interventions that are known to work to all people who need them is the central goal of global
health (102). The “know-do gap” describes situations whereby knowledge exists but is not
translated into practice. Although present worldwide, this gap is greatest in low resource
settings. Often the know-do gap resulting in poor quality care is a larger bottleneck to
achieving effective coverage than the patients’ access to health facilities (95). As one author
emphasises “We need to prioritize both access and quality, because doing more isn’t better.
Doing better is better” (103). The VSDT protocol used in Study IV was an attempt to close a
know-do gap — the acute treatments are known to be effective and the protocol aimed to
translate the knowledge into action.

Outcomes

In Studies I, Il and 1V, in-hospital mortality was used as an outcome measure. This
outcome was chosen as it was adjudged of greater interest to the patient than either the briefer
measure of ICU-mortality or of time-to-death within the stay in hospital. A limitation was
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potential misclassification of terminally ill patients who were taken home to die, but 30 or 90
day follow-up post discharge was not possible in the study settings.

ASSOCIATION AND PREDICTION

The thesis’ second aim was to investigate the association between deranged vital signs and
mortality. The objectives were to understand the information that deranged vital signs provide
about subsequent outcomes, and whether it may be reasonable to target an intervention at
normalising derangements. This required an understanding of several epidemiological
concepts described below.

Prevalence and Incidence

Epidemiology is the study of disease occurrence in populations (104). Often, the
relationships between people's characteristics, (e.g. gender or exposure to tobacco), and
outcomes, (e.g. onset of disease or death), are studied. A characteristic and an outcome are
associated if they are statistically dependent — ie as the presence of the characteristic varies,
so does the outcome. The proportion of a population with an outcome can be described
using prevalence or incidence. Prevalence is the proportion at a given point in time, while
incidence is the proportion that develop the outcome over a given period of time. Prevalence
is usually expressed as a percentage, while incidence is expressed as a percentage per time
unit, for example percentage per year.

The use of prevalence or incidence depends on the study design: cross-sectional studies that
look at people at a single point in time use prevalence, while longitudinal studies that follow
people over time use incidence. Risk in epidemiology is the probability of a negative event
occurring over a given point of time — ie the incidence. For example, the risk for a smoker of
dying from lung cancer is 0.3% per year (104). Study 11, a survey conducted at one point in
time, had a cross-sectional design. In the cohort studies I, 111 and 1V that followed patients
until discharge or death, data about the time of discharge/death were not collected, precluding
the use of incidence or risk.

Risk factors

A risk factor is a characteristic that is associated with a negative outcome. Risk factors are
usually studied in healthy people where the outcome is onset of a disease. Prognostic factors
are analogous to risk factors but are characteristics in diseased people and the outcome is an
event connected to the disease. To use an example from this thesis — hypotension is a
prognostic factor for the outcome of in-hospital death.

Causality

Establishing causality is a central goal for epidemiology and public health (105). A cause is a
characteristic that results in an outcome. Causes can be necessary (needed to produce the
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outcome), sufficient (inevitably produces the outcome), neither or both. Risk factors and
prognostic factors can be causes, or they can be markers of another cause. Markers are
associated with the outcome but are not causal. The association is due to a link with another
characteristic, known as a confounder.

In order to study the relationship between a risk factor and an outcome, various statistical
methods can be used including multivariable regression models (used in Studies I, 111 and
IV). Such models keep the effects of other factors constant, and any remaining association is
related to the factor of interest. However, most statistical models have the weakness that they
can only include known factors — unknown confounders will be neglected which may lead to
a false conclusion of causation instead of association. Furthermore, establishing causality is
more than just a statistical task, and requires that several criteria are fulfilled, including
temporality (the cause precedes the outcome) and biological plausibility (105).

It has been argued that causation is only interesting to public health practitioners when it is
possible to design interventions that target the cause and improve health outcomes (106).
The VSDT protocol in Study 1V was such an intervention.

Continuing the example — Studies I and 11l found that hypotension was associated with
mortality, but was it a marker or a cause? In both studies the association remained when
known confounders were entered into a multivariable regression model and in Study 1V
treating the hypotension improved outcomes, providing some evidence that hypotension is a
cause of death. In addition, the temporality criterion is satisfied, and causation is biologically
plausible. However, it is also likely to be a marker for critical illness in general when death is
due to other causes, which is illustrated in Fig. 13.

Hypotension
/ (cause)
Disease > Critical lllness Death

l

Hypotension
(marker)

Fig. 13 The relationship between critical iliness, hypotension and death

Relative risk

Relative risk compares the outcomes between groups with and without a risk factor. As a
risk, it uses incidence, requiring a longitudinal study design and a given period of time. An
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odds ratio is often used in epidemiology to estimate relative risk when the risk in the groups
studied are not known (e.g. in cross-sectional or case-control studies). Odds ratios give a
good approximation of relative risk if the outcome is rare (less than 1-5% (104)). Odds ratios
have been criticised as they give an overly optimistic impression of the risk and are difficult
to interpret — i.e. it is hard to have an intuitive understanding of an odds ratio of 3 (107-109).

In cross-sectional studies prevalence ratios can be used to estimate relative risks, comparing
the prevalence in groups with and without a risk factor. Although they are not as commonly
used as odds ratios, they provide a more conservative and interpretable measure for cross-
sectional studies — a prevalence ratio of 3 implies that the probability is 3 times greater
(108,109), and they were preferred in Study IV. To provide prevalence ratios, generalised
linear models were used instead of logistic regression.

Prediction

Epidemiology pools individuals with the same risk factors to investigate associations with
outcomes. The conclusions are averages at a population level, and are not aimed at
predicting the outcome for an individual. For example, smoking has been found to be a risk
factor for lung cancer, but it is not possible to predict that a smoker will get lung cancer —
some smokers live long and healthy lives. Clinical epidemiology makes predictions about
individual patients based on their risk and prognostic factors using epidemiological principles
(104). The term predictor is used in clinical epidemiology for risk or prognostic factors in an
individual.

Due to the complexity of causation and the variability between patients and pathologies,
single predictors are unlikely to be adequately accurate (110) - even a strong predictor with a
relative odds of 200 will misclassify the outcomes of many individuals (107). Predictors can
be used to stratify individuals into risk groups, which while not able to determine outcome do
facilitate clinical decisions. It is useful for a doctor to know which factors are predictors for
poor outcome, whether the predictors are causal, and whether removing or treating the
predictor improves the patient’s outcome.

Predictive value

There are various ways of measuring a predictor’s accuracy. In Study | sensitivity,
specificity, receiver operator characteristic (ROC) curves and predictive values were used.
Sensitivity is the proportion of people with the disease that have the predictor and specificity
is the proportion without the disease that do not have the predictor For predictors that can
take several values, choosing the cut-off value is a trade-off between sensitivity and
specificity. Choosing a value with high sensitivity but low specificity will result in false-
positives, and a value with high specificity but low sensitivity will result in false-negatives.
Plotting the true-positive rate (sensitivity) against the false-positive rate (1-specificity) for a
range of cut-offs gives a ROC curve (Fig. 14). The area under the ROC curve (AUROC)
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describes the overall accuracy of the predictor, from 0.5 (not at all predictive) to 1.0 (a perfect
predictor).

Fig. 14 Receiver operator
characteristic curve for number of
danger signs at admission to ICU
and in-hospital mortality

0.75

Unpublished data from Study 111

Sensitivity
05

0.25

T T T T T
0 0.25 05 0.75 1
1 - Specificity
Area under ROC curve =0.77

The positive predictive value is the probability of the outcome in a person who has the
predictor and the negative predictive value is the probability of not having the outcome in a
person who does not have the predictor. Unlike sensitivity and specificity, predictive values
depend on the prevalence of the outcome and a predictor’s performance differs greatly in
settings of high or low prevalence.

Prediction models

As single predictors are rarely adequately accurate, predictors can be combined to provide
multivariable prediction models (110,111). The model can estimate a probability than an
outcome will occur. In critical care, the Acute Physiology And Chronic Health Evaluation
(APACHE) and Simplified Acute Physiology Score (SAPS) are multivariable prediction
models used to predict hospital mortality (112).

Prediction modelling was not chosen for the studies in this thesis due to five limitations.
Firstly their performance is context-sensitive — an accurate model in one setting may have
poor calibration or discrimination in another (111), meaning that the models developed in
high-income settings may not be clinically useful in low resource settings. Secondly, existing
models may include parameters that are not available in some settings — for example
APACHE and SAPS require laboratory testing that are not routinely available in low resource
settings. Thirdly, they require large sample sizes and several consecutive studies for
development and validation, which precluded their development in this thesis (110).

The fourth limitation is that the prediction model may not provide accurate enough prediction
for clinical use in individual patients, as in one study in Malawi (60). APACHE and SAPS
that are used to evaluate the quality of ICU care are not recommended for individual patients
(112). Indeed, there is a danger if predictive models are used inappropriately for individuals.
For example, a reasonably accurate model with positive and negative predictive values of 0.8
would result in a false prediction in 20% of the patients. If the intended use of the model is
for deciding whether to start a life-saving but hazardous treatment, admit a patient to a
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hospital or an ICU, or to inform the patient about an upsetting diagnosis, then the exclusive
use of such a model could be harmful. This limitation applies to all predictors including the
single parameter danger signs in Studies I11 and 1V — prediction in medicine is notoriously
difficult. The information from prediction models should be supplemented with other
diagnostic tests and clinicians’ judgement to avoid false predictions for individuals.

The final limitation is of great importance in low resource settings. Determining the score in a
multivariable prediction model for an individual patient may be too complicated or time-
consuming for over-stretched health workers. Even a few minutes to add up scores can be
impossible when resources are scarce.

One further consideration influenced the decision to use single parameters instead of
prediction modelling in Study I11. Using single parameters allows for the specific treatment
directives developed subsequently in Study IV. For example, a hypotension danger sign can
be linked to the treatment directive of intravenous fluid administration, as in the VSDT
protocol. The compound scores used in prediction modelling do not have this useful attribute.

IMPLEMENTATION SCIENCE

The third and fourth aims of the thesis were to evaluate if VSDT improves the acute
treatment and outcomes of patients with deranged vital signs (Study 1V). These aims
necessitated an intervention. An intervention is a change to practice, for example, the use of
a new drug or a new working routine. The VSDT protocol is an intervention.
Implementation is the execution of a plan for a change — i.e. the method by which the
intervention is introduced (113).

There is increasing awareness of the importance of the choice of implementation methods for
interventions aimed at improving the quality of care. Implementation science studies the
best methods for promotion of evidence-based practices into routine care (114). Successful
implementation methods are often compatible with existing practices, do not require
substantial effort, are perceived as feasible, have early local involvement including local
champions, include raising awareness and dissemination of new knowledge, involve ongoing
troubleshooting, include improvements that are understood and desired and use methods that
are compatible with organisational structures, leadership and regulations (115,116). Single
implementation methods such as reminder techniques, educational materials, audit and
feedback or educational outreach only improved performance by 6-14% in one meta-analysis
(117). Multifaceted implementation methods sometimes show better results than single
methods (118), although this has been questioned (119). A multi-faceted approach worked
well in paediatric inpatient care in Kenya (120). The implementation method chosen in Study
IV built on the above knowledge and was multi-faceted and context-appropriate, situated
within an established Tanzanian-Swedish collaboration (MKAIC) and designed in close
collaboration with doctors and nurses working on the ICU at Muhimbili.
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In critical care, evidence for the best implementation methods is sparse. It has been argued
that a proportion of the resources used for developing ICU guidelines or protocols must be
dedicated to the implementation strategy (121). ICU protocols have produced some good
results (14,122). A protocol for early monitoring and management of sepsis in Uganda led to
a reduction in 30-day mortality by 12% (123). Another sepsis protocol in Zambia showed no
mortality benefit. However, many of the patients had sub-acute tuberculosis or HIV
infections which could explain these negative findings (124). Recommendations for sepsis
care in resource limited settings have been published, but their use has not yet been studied
(125). In order to be appropriate for the low resource context, the implementation of the
VSDT protocol in Study IV utilised the concept of “task-shifting”. Task-shifting (also called
task-sharing) is one method of implementation that allocates aspects of health-service
delivery to less costly and more available health workers — for example nurses can give care
instead of physicians when access to physicians is limited (126). Task-shifting has been
effective and safe in obstetrics (127), HIV-treatment (128) and surgical care (129) but has not
previously been trialled in critical care.

The implementation in Study IV had mixed success. Evaluation of the implementation was
conducted by assessing acute treatments when deranged vital signs were identified — i.e.
adherence to the VSDT protocol. The results indicate that practices were changed — there
were significant increases in acute treatments given for deranged vital signs both at admission
and during the care on the ICU. A particular success was an increase in acute treatment of
hypotension. However, the VSDT protocol stipulated that all deranged vital signs should
receive an acute treatment, and yet the post-implementation adherence to protocol was only
16.6% (35% for hypotension). This low adherence could be seen as a low “dose” of the
intervention, suggesting that the implementation method had some deficiencies. The reasons
are not fully understood and will be the focus of further research. Possible explanations
include a lack of full buy-in by influential individuals, a failure of the information and
training to establish a deep understanding among staff or more generally a low organisational
capacity for change. The implementation was designed to be low-cost and pragmatic,
embedded within the existing hospital structure. Most of the researchers were based in
Sweden and spent limited time in Tanzania in order to reduce expenditure and avoid
introducing the confounder of external expertise. This challenging model of implementation
from a distance could explain the low adherence. Despite these issues, improvements were
seen, and interesting questions were raised about whether a greater adherence to protocol
could improve outcomes beyond the observed mortality reduction for hypotensive patients.
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INTERPRETATION OF FINDINGS

This thesis has three main findings. In low resource settings:
1. There s a lack of good quality critical care
2. Deranged vital signs identify critical illness
3. Critical care can be simple and appropriate

There is a lack of good quality critical care in low resource settings

In Study Il hospitals in Tanzania were found to lack many structures for critical care. The
weakest aspects were human resources and training, routines for managing the critically ill
and infrastructure. Similar problems could be seen in Studies 111 and 1V, where a university
hospital had very few ICU beds, a lack of trained staff, and a lack of routines for identifying
and treating patients with deranged vital signs. In Study 1V, only 2.9% of deranged vital
signs received an acute treatment on the ICU prior to the introduction of a Vital Signs
Directed Therapy protocol. The in-hospital mortality rates of 50% seen in Studies I11 and 1V,
may suggest underlying quality issues.

Data from only a few centres have been used in this thesis. Study Il was from ten hospitals
and Studies 111 and IV were from one university hospital, all selected using convenience
sampling. Generalising to other hospitals in Tanzania must be done with caution. However,
similar results were found in the only other research on critical care from Tanzania, a recent
retrospective study of four ICUs (130). The investigators found deficiencies in infrastructure,
personnel and resources and an ICU mortality rate of 41%. An encouraging finding from
Study Il was the good availability of drugs and equipment. This suggests that improvements
to critical care should target the infrastructure, routines and training of health workers.

Supporting evidence comes from related medical disciplines in Tanzania. In obstetric care,
improving training, routines and protocols have been identified as key to reducing maternal
mortality (94,131). In a survey of emergency and surgery services in 48 health facilities,
human resources and infrastructure as well as medical equipment were lacking (93). In a
nationwide survey in 2006 only 19% of hospitals had the facilities to support 24-hour
emergency services (132). Interestingly, in the nationwide survey, the Ministry of Health’s
plan for reducing maternal and child deaths (133), and in an external health system evaluation
by USAID in 2011 (92) there were no indicators for, or even discussion of, critical care or
intensive care.

While this thesis contains results from only one LIC, reports from other countries are
consistent with its findings. In a survey of African anaesthetists, only 1.5% reported that their
hospital had the required facilities, equipment and drugs to implement international
guidelines for the care of patients with sepsis (41). These results were mirrored in more
thorough surveys from Congo and Mongolia, where none of the hospitals surveyed had the
necessary resources for implementing the guidelines (134,135). In the Solomon islands,
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critical care lacked infrastructure, trained staff and support services, as well as drugs and
equipment (136). In paediatric inpatient care, similar problems with training, routines,
monitoring and treatments of sick children have been seen (137,138). Several authors have
discussed the lack of good quality critical care in LICs, although they acknowledge that the
evidence base is weak (34-36,50,51,139).

Poor quality care in low resource settings has also been seen in the related medical disciplines
of emergency care, surgical care and anaesthesia. Emergency care is often lacking in
hospitals and there are increasing calls for worldwide improvements (140-143). Five billion
people do not have access to safe, affordable surgical and anaesthesia care when needed
(2,76). Problems were identified in the quality of anaesthetic care in Uganda (144), Zambia
(145) and Tanzania (146). The underlying determinants of the quality of critical care are
poorly understood but are likely to be the same as for these other time-dependent specialties.

The in-hospital mortality rate of 50% and ICU-mortality rate of 44% for all admissions over
16 years of age (65% and 58% respectively for unplanned admissions) in Study Il is
strikingly high, especially given the young age of the patients. These figures are consistent
with those in the survey of four ICUs in Tanzania including Muhimbili (130) and are higher
than the average in-hospital mortality of 22.4% reported in a global ICU survey in 2014
(147). The findings could indicate a poor quality of care or a very sick patient selection. As
many patients had severe physiological derangements at admission and 9% died within 12
hours, it is likely that the effect of the latter was substantial and a large proportion of patients
were not salvageable. However, the lack of routines, human resources, training and treatment
of deranged vital signs as found in Studies 11 and IV suggest that there is substantial scope
for improving quality.

Deranged vital signs identify critical illness in low resource settings

In Study I, hypotension, tachycardia and decreased level of consciousness at admission to
hospital were associated with mortality. The risk of dying increased as a compound EWS
increased. In Study 111, a severe derangement in any vital sign at admission to ICU was
associated with mortality and mortality increased with the number of deranged vital signs.

Deranged vital signs have been seen to correlate with poor outcomes in many studies in high-
income countries (53-55,59,148). They form the basis of the Early Warning Scores and Rapid
Response Teams that have shown impressive reductions in hospital mortality rates
(16,18,19,67,149,150).

This thesis adds results from Tanzania to the sparse data on the use of vital signs in critical
care in low and middle income countries. The South Africa Triage Scale has been developed
which is showing promising results but has not been rolled out nationwide (151). In India,
systolic blood pressure, heart rate, and Glasgow coma scale were associated with mortality in
adult trauma patients (152). In Malawi, low oxygen saturation, low temperature, high
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respiratory rate and reduced conscious level were associated with mortality (60). In two
studies of septic patients in Uganda, deranged vital signs were associated with in-hospital
mortality (42,153). The findings in this thesis from a university hospital and two smaller
hospitals support the plausible supposition that deranged vital signs have a similar ability to
identify critical illness when resources are limited as in high resource settings. It should be
stressed, however, that the associations with mortality should not be interpreted as predictions
for individual patients. The presence of danger signs does not predict that the patient will die,
and the absence of danger signs does not predict survival. As biology and pathologies are so
heterogeneous, it is unlikely that predictive models based on simple vital signs will ever have
sufficient predictive value, and the information provided by vital signs should be seen as part
of the overall clinical picture.

There are signals that hypotension may be the vital sign with the strongest association with
death and the most amenable to intervention. For hypotension, the odds ratios of death were
between 2.1 and 6.3 in Study | and 16.2 in Study I11. In a recent study of trauma patients in
India, hypotension was also found to be one of the two best predictors of early mortality (the
other was Glasgow coma scale) (152). In the Malawian study, hypotension was not
associated with mortality, but that may be because a high cut-off of <100mmHg was used
(60). In Study 1V the greatest improvement in acute treatments following implementation of
the VSDT protocol were seen in hypotensive patients. This could be explained by a low
baseline level of acute treatment for hypotension, a relatively high baseline level of treatment
for other deranged vital signs, the simplicity of the acute treatment of IV fluids for
hypotension, or less successful implementation of the actions for the other danger signs.
Moreover, in contrast to the whole cohort, mortality rates in hypotensive patients were
reduced from 92.3% to 69.2% giving a numbers-need-to-treat of 4.3. Treating hypotension
with fluid boluses is standard practise in critical care (154-156), however there is some recent
evidence calling for caution when administering fluid boluses to African children with febrile
iliness (157) or to adults with sub-acute sepsis (124).

Critical care can be simple and appropriate for low resource settings

Studies I and 11l found that single deranged physiological parameters were as well
associated with mortality as more complex EWS compound scoring systems. In Study 1V a
context-appropriate multi-faceted methodology succeeded in implementing a VSDT
protocol onto an ICU. The simple VSDT protocol, used by local staff, led to improvements
in the care given for deranged vital signs and improved outcomes for some of the patients.

There were however some limitations with the methodology in Study IV. It was a single
centre study, conducted in a university hospital and so transferring the results to other
settings must be done with caution. It also had a before-and-after design leading to a
potential risk of temporal confounding (the effects of other changes on the ICU during the
study that were not related to the research project). It could be seen, however, that the
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increase in acute treatments occurred at the same time as the implementation, strengthening
the evidence of a causal relationship. Moreover, interviews with the head nurse on ICU did
not reveal any major changes to the ICU during the study period.

Although it can be concluded that the implementation led to changes in patient care, the
exact nature of the intervention deserves some comment. The main aspect of the
intervention was the use of the VSDT protocol. Pre-implementation, the protocol was not
used and afterwards the increased treatment of deranged vital signs suggests that it had
become part of the care on the unit. However, some effects could have been caused by the
multi-faceted implementation itself, or by the ongoing research activities. The training may
have led to new knowledge about vital signs or other aspects of critical care. The increased
interest and international nature of the research may have raised morale on the unit.
Ongoing data collection may have changed staff behaviour. In other words, the change in
care, which is synonymous with the intervention, can itself be complex and not solely be
the use of the VSDT protocol. If the research would have been purely interested in the
protocol, then these aspects should be regarded as “introduced confounders”. However,
elements of such effects were expected and unavoidable, and as the research was pragmatic
and was interested in the effect of the whole “bundle” of implementation and changed
practices, then it was reasonable to see them as a part of the research study. The observed
effects may be more context-specific than the protocol itself which may limit transferability
of the results to other settings.

The relative merits of single and compound scoring systems are debated. Single parameter
danger signs have been used in the Karolinska University Hospital’s Medical Emergency
Team protocol (148) which reduced in-hospital mortality by 10% (19). While compound
scores have shown good results in some settings (57,67,68,158), some compound scoring
systems also allow extreme single parameter values to trigger escalation of care (159). A
simpler index has been developed in Uganda, but still involves inefficient calculations and
dubious added benefit (153). This thesis did not have the aim to find the best-fitting multi-
parameter prediction model, but focused instead on single parameter danger signs. Danger
signs do not require a calculation of a score and so are simpler and less resource intensive,
making them more appropriate in low resource settings. They have the added positive
attribute of allowing a direct link to a clinically relevant action, ensuring that the
identification of critical illness can be followed by acute treatments, as in Study IV.

There are several reports of simple and low-cost improvements to the care of critically ill
patients. Emergency triage and treatment for children in a hospital in Malawi cost only
US$1.75 per patient and reduced hospital mortality by 50% (160). Oxygen therapy can cost
less than 1 cent per litre (161) and when oxygen was introduced in Papua New Guinea, child
mortality was reduced by 35% at a cost of US$50 per disability-adjusted life-year averted
(162). In Uganda, a simple and inexpensive sepsis protocol reduced mortality by 26% (123)
and emergency surgery was found to be more cost-effective than other public health
interventions (80).
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It is salient that simple critical care is not only appropriate for low resource settings.
Initiatives such as the use of vital signs, rapid response systems, checklists and protocols are
being promoted even in high-income settings, with remarkable improvements in outcomes
(13,14,18,61,63). Good quality, simple and appropriate critical care is a global necessity and
is feasible, even in low resource settings (see box).

Box: What good quality critical care in a low resource setting could look like

A trained, experienced nurse using a locally approved triage system based on deranged vital signs
quickly identifies critically ill patients in the Emergency Department. The nurse calls for assistance
from senior colleagues. They take the patients to the resuscitation room where acute treatments are

given from the well-stocked emergency box.

Once stabilised, the patients are transferred to
an ICU. On the ICU, there is a higher nurse to
patient ratio than on the general wards and all
the staff are trained in critical care. The patients
are monitored closely and a Vital Signs
Directed Therapy protocol assists the
identification of danger signs and stipulates the

treatments to give.

Observation and treatment charts ensure

clear record keeping and early detection of

deterioration. Clinicians review the patients Fig. 15 Critical care in a low resource setting Photo: Tim Baker

regularly, management is adjusted if their

condition changes and there are open communication channels between nurses and clinicians 24
hours/day. Emergency drugs and equipment are kept on the ICU, checked regularly and restocked
whenever something is used. Staff and relatives do not need to leave the ICU to fetch or pay for

emergency supplies.

User-friendly guidelines for managing common medical emergencies are visible in the ICU.
Unconscious patients are nursed in the lateral position and turned regularly to prevent pressure
sores. Suction is available to keep airways clear. Hypoglycaemia is suspected early and treated
liberally. Patients are monitored with a pulse oximeter and oxygen is available in concentrators and
cylinders. Dehydration and shock are prevented and treated with oral rehydration solution and
intravenous fluids. Pain relief, nutrition and supportive therapies are given according to established

local routines.

When the patients have recovered, they are transferred to a general ward. On the ward, nurses
practicing ward-based triage using vital signs observe their recovery and can refer back to ICU if

their condition worsens. The hospital’s critical care service is feasible and saves lives.

40




CONCLUSIONS

e There is a lack of good quality critical care in low resource settings. The main barriers
are routines, human resources and infrastructure. Patients with deranged vital signs
are rarely given acute treatments on ICU and mortality rates are high.

e Deranged vital signs are associated with mortality in low resource settings and single
deranged physiological parameters are as useful as compound scoring systems for

identifying critical illness.

e The Vital Signs Directed Therapy protocol improves the acute treatment of patients
with deranged vital signs.

o Vital Signs Directed Therapy improves outcomes for some critically ill patients
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RECOMMENDATIONS

In this thesis | have described the lack of good quality critical care in low resource settings
and shown that critical care based on vital signs can be simple and appropriate.

Critical care is neglected and should be brought up the policy agenda. Health ministries need
to understand its importance in reducing mortality and achieving health goals and include
critical care in health system planning. Care for the sickest patients should be prioritised in
health facilities. International and national standards should be developed. Critical care
guidelines for hospitals should be written, human resources increased and training both pre-
service and in-service improved. Supervision and peer-support of critical care services would
be valuable, using critical care health workers to evaluate health facilities against the accepted
standards.

International organisations can take an active role. Links with hospitals and universities, such
as the MKAIC collaboration, can provide dynamic environments for the sharing of
experiences, knowledge acquisition, support and motivation. Professional bodies such as
critical care or anaesthesia societies and non-governmental organisations such as Life Support
Foundation can support the sustainable development of critical care. Improvements to critical
care should be an integrated part of overall health system strengthening.

Critical care should maintain a focus on simple, appropriate treatments. There is a danger that
critical care is interpreted as requiring expensive high-tech interventions such as dialysis and
mechanical ventilation. While life-saving for some individuals, they risk a diversion of
resources and energies from other care. Remember Voltaire’s 250 year old cautionary insight:
“the best is the enemy of the good”.

Critical care in low resource settings should be evidence based. Future research should
answer:

1. Why has critical care been under-prioritised in low resource settings? (Policy analysis)

2. How can the quality of critical care be evaluated? (Development and validation of quality
standards and indicators)

3. Isthe quality of critical care similar in other low resource settings?

4. What are the bottlenecks to improved quality in critical care and how do these differ between
low resource settings?

5. What is needed to overcome these bottlenecks at the policy level, the health system level and
at the health facility level?

6. Does the VSDT protocol reduce mortality in other low resource settings?

7. What facilitates or hinders the implementation of the VSDT protocol or other critical care
improvements?

8. What is the burden of critical illness in health facilities in low resource settings and globally?

9. What are the effects and the cost-effectiveness of critical care interventions such as medical
emergency teams, triage, 1CUs, critical care training, increased vital sign monitoring and the
VSDT protocol?

43



ACKNOWLEDGEMENTS

First of all 1 would like to spare a thought for all the people, all over the world, who have the
terrible misfortune to become critically ill. This work is for you.

I would like to give my respect to health workers all over the world who work so hard to care
for critically ill patients, often with few resources and in incredibly challenging situations. It
has been, it is and it will be an honour to work with you.

I would like to give a special mention to Dr. Daniel Mashaga, my Tanzanian
friend and medical colleague, a warm and friendly man who was co-author
on the first paper in this thesis. Mashaga became critically ill and passed
away before this work was completed. A continual reminder of just how
fragile life is.

I am very grateful to my supervisors, David Konrad, Jaran Eriksen and Lars Irestedt for their
guidance, support and enthusiasm on this, at times, emotional and challenging journey.

Thank you to the directors, administrators & heads of department at the hospitals where the
research has been conducted for the foresight and patience in allowing the research to take
place.

Special thanks to Dr Venance Mushi, the impressive Doctor-in-Charge of Peramiho Hospital,
to the anaesthetist Dr Mwanyika and the ICU nurses in Peramiho, and to the organisation
Voluntary Services Overseas for giving me my first opportunity to work with critical care in
low resource settings.

Thank you to all my co-authors and research assistants for their brilliant scientific and
logistical input: Jamie Rylance, Elizabeth Mushi, Victor Mwafongo, Edwin Lugazia, Moses
Mulungu, Jonas Blixt, Otto Schell, Anna Milton, Marcus Castegren, Ulrica Mickelsson, Lotta
Forars, Agness Laizer, Erasto Kalinga, Nazahed Richards and Elizabeth Stephens. | look
forward to continuing our research together!

Thank you to my current boss, Johan Petersson, Kirsi Dolk “The Scheduler” and all the
doctors and nurses at the friendliest and duktigaste department of Anaesthesia, Intensive Care
and Surgical Services at Karolinska University Hospital for their unwavering support while 1
have been following my rather unconventional path.

And thank you to the previous departmental bosses Sten Lindahl and the late Per Gannedahl
for having faith in me and giving me a job despite my pitiful Swedish language skills when 1
first arrived in Sweden.

A lot of credit should be given to Prof Leonard Lema and Dr Ulisubisya Mpoki at Muhimbili
and Prof Jan Lindsten at Karolinska for firing the first shots in the partnership that has grown
into the dynamic and successful MKAIC collaboration that has nurtured me and several of
the papers in this thesis.

44



Thank you to Lars Irestedt, Henrik Jornvall, Berith Tingaker and Claes Frostell who then
took the MKAIC baton and transformed it into Life Support Foundation (despite reservations
about the name...). Together we have built up a great organisation that will continue
working with critical care and other acute medical specialties in low resource settings for
MANY years to come.

To all of you MKAIC-ers and Life Support-ers in Sweden and Tanzania, who
since 2008 have worked for nothing, worked a lot, struggled and fought with me
—you know who you are — thank you SO much! www.lifesupportfoundation.org  Foundation

Thank you to Hans Rosling and Staffan Bergstrom for Global Health inspiration, to Goéran
Tomson for encouraging me to study critical care in low resource settings and to Stefan
Peterson, Cecilia Stalsby-Lundborg, Johan von Schreeb and all my new colleagues in the
Health Systems and Policy research group and to others in Global Health at KI — it’s amazing
to work with you all and feel part of a community wanting to improve health worldwide.

Thank you to Martin Dunser, Tim Stephens, Marcus Schultz and everyone else in the
European Society of Intensive Care Medicine’s Working Group on Global Intensive Care.
It’s great to know there are other enthusiasts out there working with critical care in low
resource settings!

Thanks to my friends, my wonderful friends, for the fun and for the laughter.

Thanks to my late grandfathers Maurice and Julius for their intellectual rigour and drive to
make the world a better place. Amandla!

And to my amazing father and brothers for all the great scientific and political discussions.
We know the answers — we just have to make everyone else understand. ..

All my love to my family, in England, in Sweden and all over the world. You are the best!
And to mum. Oh mum. | miss you every day.

Most of all, thanks to my incredible, beautiful wife Ulrika and to the little ones, my gorgeous
Alva and Frida, who are the reason | get up in the morning (both emotionally and literally).
Thank you thank you thank you for your support, your tolerance, your love.

ABC,itseasyas123
Jackson 5

45






REFERENCES

1. Adhikari NK, Fowler RA, Bhagwanjee S, et al. Critical care and the global burden of critical illness in adults. Lancet
2010;376(9749):1339-1346.

2. Meara JG, Leather AJ, Hagander L, et al. Global Surgery 2030: evidence and solutions for achieving health, welfare, and
economic development. Lancet 2015;386(9993):569-624.

3. Hirshon JM, Risko N, Calvello EJ, et al. Health systems and services: the role of acute care. Bulletin of the World Health
Organization 2013;91(5):386-388.

4. Adhikari NK, Rubenfeld GD. Worldwide demand for critical care. Current opinion in critical care 2011;17(6):620-625.

5. Mitka M. Peter J. Safar, MD: "father of CPR," innovator, teacher, humanist. JAMA : the journal of the American Medical
Association 2003;289(19):2485-2486.

6. Vastra_Gotalandsregionen. 60 year anniversary for Sweden's first ICU [Swedish]. 2012. Available from:
http://www.vgregion.se/sv/sas/om-sjukhuset/sas-historia/60-arsjubileum-for-Sveriges-forsta-intensivvardsavdelning/

7. Vincent JL. Critical care--where have we been and where are we going? Critical care (London, England) 2013;17 Suppl
1:52.

8. West JB. The physiological challenges of the 1952 Copenhagen poliomyelitis epidemic and a renaissance in clinical
respiratory physiology. Journal of applied physiology (Bethesda, Md : 1985) 2005;99(2):424-432.

9. Lassen HCA. A Preliminary Report On The 1952 Epidemic Of Poliomyelitis In Copenhagen With Special Reference To
The Treatment Of Acute Respiratory Insufficiency. The Lancet 1953;261(6749):37-41.

10. Mustafa I. Intensive care in developing countries in the Western Pacific. Current opinion in critical care 2004;10(4):304-
309.

11. Celis-Rodriguez E, Rubiano S. Critical care in Latin America: current situation. Critical care clinics 2006;22(3):439-446,
viii.

12. Du B, Xi X, Chen D, et al. Clinical review: critical care medicine in mainland China. Critical care (London, England)
2010;14(1):206.

13. Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis Campaign: international guidelines for management of severe
sepsis and septic shock, 2012. Intensive care medicine 2013;39(2):165-228.

14. Pronovost P, Needham D, Berenholtz S, et al. An intervention to decrease catheter-related bloodstream infections in the
ICU. N Engl J Med 2006;355(26):2725-2732.

15. Kortgen A, Niederprum P, Bauer M. Implementation of an evidence-based "standard operating procedure™ and outcome
in septic shock. Critical care medicine 2006;34(4):943-949.

16. Winters BD, Weaver SJ, Pfoh ER, et al. Rapid-response systems as a patient safety strategy: a systematic review. Annals
of internal medicine 2013;158(5 Pt 2):417-425.

17. Chan PS, Jain R, Nallmothu BK, et al. Rapid Response Teams: A Systematic Review and Meta-analysis. Arch Intern
Med 2010;170(1):18-26.

18. Maharaj R, Raffaele I, Wendon J. Rapid response systems: a systematic review and meta-analysis. Critical care (London,
England) 2015;19(1):254.

19. Konrad D, Jaderling G, Bell M, et al. Reducing in-hospital cardiac arrests and hospital mortality by introducing a medical
emergency team. Intensive care medicine 2010;36(1):100-106.

20. WorldBank. Country and Lending Groups 2015. Available from: http://data.worldbank.org/about/country-and-lending-
groups

21. WHO. World Health Statistics. Geneva; 2015.

22. WHO. State of Inequality: Reproductive, maternal, newborn and child health. Geneva; 2015.

23. Phiri J, Ataguba JE. Inequalities in public health care delivery in Zambia. International journal for equity in health
2014;13:24.

24. Chaudhuri A. Socio-economic inequity in health care utilization & expenditures in richer States in India. The Indian
Journal of Medical Research 2012;136(3):368-369.

25. Mills A, Ataguba JE, Akazili J, et al. Equity in financing and use of health care in Ghana, South Africa, and Tanzania:
implications for paths to universal coverage. Lancet 2012;380(9837):126-133.

47


http://www.vgregion.se/sv/sas/om-sjukhuset/sas-historia/60-arsjubileum-for-Sveriges-forsta-intensivvardsavdelning/
http://data.worldbank.org/about/country-and-lending-groups
http://data.worldbank.org/about/country-and-lending-groups

26. Mock C, Kobusingye O, Joshipura M, et al. Strengthening trauma and critical care globally. Current opinion in critical
care 2005;11(6):568-575.

27. Requejo JH, Merialdi M, Bustreo F. Improving global maternal health: progress, challenges, and promise. Current
opinion in obstetrics & gynecology 2011;23(6):465-470.

28. Cheng AC, West TE, Limmathurotsakul D, et al. Strategies to reduce mortality from bacterial sepsis in adults in
developing countries. PLoS medicine 2008;5(8):e175.

29. Molyneux E. Paediatric emergency care in developing countries. Lancet 2001;357(9250):86-87.

30. van Zyl-Smit R, Burch V, Willcox P. The need for appropriate critical care service provision at non-tertiary hospitals in
South Africa. South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde 2007;97(4):268, 270, 272.

31. Fowler RA, Fletcher T, Fischer WA, et al. Caring for Critically 1l Patients with Ebola Virus Disease Perspectives from
West Africa. American journal of respiratory and critical care medicine 2014;190(7):733-737.

32. Meyers L, Frawley T, Goss S, et al. Ebola virus outbreak 2014: clinical review for emergency physicians. Annals of
emergency medicine 2015;65(1):101-108.

33. Lipman J, Lichtman AR. Critical care in Africa. North to south and the future with special reference to southern Africa.
Critical care clinics 1997;13(2):255-265.

34. Baker T. Critical care in low-income countries. Trop Med Int Health 2009;14(2):143-148.

35. Dunser MW, Baelani I, Ganbold L. A review and analysis of intensive care medicine in the least developed countries.
Critical care medicine 2006;34(4):1234-1242.

36. Baker T. Pediatric emergency and critical care in low-income countries. Paediatr Anaesth 2009;19(1):23-27.

37. Okech U, Chokwe T, Mungayi V. The Operational setup of Intensive Care Units in a Low Income Country in East
Africa. East African Medical Journal 2015;92(2):72-80.

38. Murthy S, Leligdowicz A, Adhikari NK. Intensive care unit capacity in low-income countries: a systematic review. PloS
one 2015;10(1):e0116949.

39. Kwizera A, Dunser M, Nakibuuka J. National intensive care unit bed capacity and ICU patient characteristics in a low
income country. BMC research notes 2012;5:475.

40. Rhodes A, Ferdinande P, Flaatten H, et al. The variability of critical care bed numbers in Europe. Intensive care medicine
2012;38(10):1647-1653.

41. Baelani I, Jochberger S, Laimer T, et al. Availability of critical care resources to treat patients with severe sepsis or septic
shock in Africa: a self-reported, continent-wide survey of anaesthesia providers. Critical care (London, England)
2011;15(1):R10.

42. Jacob ST, Moore CC, Banura P, et al. Severe sepsis in two Ugandan hospitals: a prospective observational study of
management and outcomes in a predominantly HIV-1 infected population. PloS one 2009;4(11):e7782.

43. llori U, Kalu QN. Intensive care admissions and outcome at the University of Calabar Teaching Hospital, Nigeria.
Journal of critical care 2012;27(1):105 e101-104.

44. Towey RM, Ojara S. Practice of intensive care in rural Africa: an assessment of data from Northern Uganda. African
health sciences 2008;8(1):61-64.

45. Gombar S, Ahuja V, Jafra A. A retrospective analysis of obstetric patient's outcome in intensive care unit of a tertiary
care center. Journal of anaesthesiology, clinical pharmacology 2014;30(4):502-507.

46. Frikha N, Mebazaa M, Mnif L, et al. [Septic shock in a Tunisian intensive care unit: mortality and predictive factors. 100
cases]. La Tunisie medicale 2005;83(6):320-325.

47. Amoateng-Adjepong Y. Caring for the critically ill in developing countries--our collective challenge. Critical care
medicine 2006;34(4):1288-1289.

48. Vukoja M, Riviello E, Gavrilovic S, et al. A survey on critical care resources and practices in low- and middle-income
countries. Global heart 2014;9(3):337-342 e335.

49. Firth P, Ttendo S. Intensive care in low-income countries--a critical need. The New England journal of medicine
2012;367(21):1974-1976.

50. Dondorp AM, Haniffa R. Critical care and severe sepsis in resource poor settings. Trans R Soc Trop Med Hyg
2014;108(8):453-454.

51. Stafford RE, Morrison CA, Godfrey G, et al. Challenges to the provision of emergency services and critical care in
resource-constrained settings. Global heart 2014;9(3):319-323.

48



52. Riviello ED, Letchford S, Achieng L, et al. Critical care in resource-poor settings: lessons learned and future directions.
Critical care medicine 2011;39(4):860-867.

53. Smith AF, Wood J. Can some in-hospital cardio-respiratory arrests be prevented? A prospective survey. Resuscitation
1998;37(3):133-137.

54. Kause J, Smith G, Prytherch D, et al. A comparison of antecedents to cardiac arrests, deaths and emergency intensive
care admissions in Australia and New Zealand, and the United Kingdom--the ACADEMIA study. Resuscitation
2004;62(3):275-282.

55. Goldhill DR, Worthington L, Mulcahy A, et al. The patient-at-risk team: identifying and managing seriously ill ward
patients. Anaesthesia 1999;54(9):853-860.

56. Subbe CP, Kruger M, Rutherford P, et al. Validation of a modified Early Warning Score in medical admissions. QIM :
monthly journal of the Association of Physicians 2001;94(10):521-526.

57. Kellett J, Deane B. The Simple Clinical Score predicts mortality for 30 days after admission to an acute medical unit.
QJM-An Int J Med 2006;99(11):771-781.

58. Kellett J, Deane B, Gleeson M. Derivation and validation of a score based on Hypotension, Oxygen saturation, low
Temperature, ECG changes and Loss of independence (HOTEL) that predicts early mortality between 15 min and 24 h after
admission to an acute medical unit. Resuscitation 2008;78(1):52-58.

59. Bleyer AJ, Vidya S, Russell GB, et al. Longitudinal analysis of one million vital signs in patients in an academic medical
center. Resuscitation 2011;82(11):1387-1392.

60. Wheeler I, Price C, Sitch A, et al. Early warning scores generated in developed healthcare settings are not sufficient at
predicting early mortality in Blantyre, Malawi: a prospective cohort study. PloS one 2013;8(3):€59830.

61. Schmidt PE, Meredith P, Prytherch DR, et al. Impact of introducing an electronic physiological surveillance system on
hospital mortality. BMJ quality & safety 2015;24(1):10-20.

62. The_National_Patient_Safety Agency_NHS. Recognising and responding appropriately to early signs of deterioration in
hospitalised patients. London; 2007.

63. Armitage M, Eddleston J, Stokes T. Recognising and responding to acute illness in adults in hospital: summary of NICE
guidance. BMJ (Clinical research ed) 2007;335(7613):258.

64. Bellomo R, Ackerman M, Bailey M, et al. A controlled trial of electronic automated advisory vital signs monitoring in
general hospital wards. Critical care medicine 2012;40(8):2349-2361.

65. Emergency triage Manchester triage group. 2. ed. ed. London: London : BMJ; 2005.

66. Gottschalk SB, Wood D, DeVries S, et al. The Cape Triage Score: a new triage system South Africa. Proposal from the
Cape Triage Group. Emergency medicine journal : EMJ 2006;23(2):149-153.

67. Smith GB, Prytherch DR, Meredith P, et al. The ability of the National Early Warning Score (NEWS) to discriminate
patients at risk of early cardiac arrest, unanticipated intensive care unit admission, and death. Resuscitation 2013;84(4):465-
470.

68. Jarvis S, Kovacs C, Briggs J, et al. Aggregate National Early Warning Score (NEWS) values are more important than
high scores for a single vital signs parameter for discriminating the risk of adverse outcomes. Resuscitation 2015;87:75-80.

69. Peake SL, Delaney A, Bailey M, et al. Goal-directed resuscitation for patients with early septic shock. The New England
journal of medicine 2014;371(16):1496-1506.

70. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in the treatment of severe sepsis and septic shock. The
New England journal of medicine 2001;345(19):1368-1377.

71. Pearse R, Dawson D, Fawcett J, et al. Early goal-directed therapy after major surgery reduces complications and duration
of hospital stay. A randomised, controlled trial [ISRCTN38797445]. Crit Care 2005;9(6):R687-693.

72. Koplan JP, Bond TC, Merson MH, et al. Towards a common definition of global health. Lancet 2009;373(9679):1993-
1995.

73. Gilson L. Health policy and systems research: a methodology reader. Geneva: WHO; 2012.
74. WHO. World Health Report: Research for Universal Health Coverage. Geneva: WHO; 2013.

75. WHO. WHA reaches agreement on strengthening surgical care 2015. Available from:
http://www.who.int/mediacentre/news/releases/2015/wha-22-may-2015/en/

76. Mock CN, Donkor P, Gawande A, et al. Essential surgery: key messages from Disease Control Priorities, 3rd edition.
Lancet 2015;385(9983):2209-2219.

49


http://www.who.int/mediacentre/news/releases/2015/wha-22-may-2015/en/

77. Gosselin RA, Heitto M. Cost-effectiveness of a district trauma hospital in Battambang, Cambodia. World journal of
surgery 2008;32(11):2450-2453.

78. Gosselin RA, Thind A, Bellardinelli A. Cost/DALY averted in a small hospital in Sierra Leone: what is the relative
contribution of different services? World journal of surgery 2006;30(4):505-511.

79. McCord C, Chowdhury Q. A cost effective small hospital in Bangladesh: what it can mean for emergency obstetric care.
Int J Gynaecol Obstet 2003;81(1):83-92.

80. Lofgren J, Mulowooza J, Nordin P, et al. Cost of surgery in a low-income setting in eastern Uganda. Surgery
2015;157(6):983-991.

81. Guidelines for essential trauma care. Geneva: Geneva : World Health Organization; 2004.

82. WHO. Emergency Triage Assessment and Treatment (ETAT). Geneva; 2005.

83. WHO. Monitoring Emergency Obstetric Care A Handbook. Geneva: Geneva : World Health Organization; 2009.
84. Cerro G, Checkley W. Global analysis of critical care burden. The lancet Respiratory medicine 2014;2(5):343-344.

85. WorldBank. World Development Indicators. 2015. Available from:
http://databank.worldbank.org/data/views/reports/tableview.aspx

86. UNDP. Human Development Reports. 2015. Available from: http://hdr.undp.org/en/data

87. MoH. Tanzania Service Availability And Readiness Assessment Report (SARA). Dar es Salaam; 2012.

88. Boutayeb A. The double burden of communicable and non-communicable diseases in developing countries. Trans R Soc
Trop Med Hyg 2006;100(3):191-199.

89. Kwesigaho G, Mwangu MA, Kakoko DC, et al. Tanzania's health system and workforce crisis. J Public Health Policy
2012;33 Suppl 1:S35-44.

90. Manzi F, Schellenberg JA, Hutton G, et al. Human resources for health care delivery in Tanzania: a multifaceted
problem. Human resources for health 2012;10:3.

91. Baker U, Tomson G, Some M, et al. 'How to know what you need to do": a cross-country comparison of maternal health
guidelines in Burkina Faso, Ghana and Tanzania. Implementation science : IS 2012;7:31.

92. Musau S, Chee G, Chee, Patsika R, et al. Tanzania Health System Assessment. Bethesda; 2011.

93. Penoyar T, Cohen H, Kibatala P, et al. Emergency and surgery services of primary hospitals in the United Republic of
Tanzania. BMJ open 2012;2(1):e000369.

94. Pembe AB, Paulo C, D'Mello B S, et al. Maternal mortality at muhimbili national hospital in Dar-es-Salaam, Tanzania in
the year 2011. BMC pregnancy and childbirth 2014;14:320.

95. Baker U, Peterson S, Marchant T, et al. Identifying implementation bottlenecks for maternal and newborn health
interventions in rural districts of the United Republic of Tanzania. Bulletin of the World Health Organization 2015;93(6):380-
389.

96. World Medical Association Declaration of Helsinki: ethical principles for medical research involving human subjects.
JAMA : the journal of the American Medical Association 2013;310(20):2191.

97. Donabedian A. The quality of medical care. Science 1978;200:856.

98. Curtis JR, Cook DJ, Wall RJ, et al. Intensive care unit quality improvement: A "how-to" guide for the interdisciplinary
team. Critical care medicine 2006;34(1):211-218.

99. NICE. Clinical Guideline: Intravenous fluid therapy in adults in hospital. United Kingdom: National Institute for Health
and Care Excellence; 2013.

100. Merry AF, Cooper JB, Soyannwo O, et al. International Standards for a Safe Practice of Anesthesia 2010. Canadian
journal of anaesthesia = Journal canadien d'anesthesie 2010;57(11):1027-1034.

101. Jones J, Hunter D. Consensus methods for medical and health services research. BMJ (Clinical research ed)
1995;311(7001):376-380.

102. Gawande A. BBC Reith Lectures: The Future of Medicine London; 2014.
103. Scott KW, Jha AK. Putting quality on the global health agenda. The New England journal of medicine 2014;371(1):3-5.

104. Fletcher RH. Clinical epidemiology : the essentials. 5th ed. ed. Philadelphia: Philadelphia : Wolters Kluwer
Health/Lippincott Williams & Wilkins; 2014.

105. Rothman KJ. Modern epidemiology. 3. ed. ed. Philadelphia: Philadelphia : Lippincott Williams & Wilkins; 2008.

50


http://databank.worldbank.org/data/views/reports/tableview.aspx
http://hdr.undp.org/en/data

106. Glass TA, Goodman SN, Hernan MA, et al. Causal Inference in Public Health. Annual review of public health
2013;34:61-75.

107. Wald NJ, Hackshaw AK, Frost CD. When can a risk factor be used as a worthwhile screening test? BMJ (Clinical
research ed) 1999;319(7224):1562-1565.

108. Thompson ML, Myers JE, Kriebel D. Prevalence odds ratio or prevalence ratio in the analysis of cross sectional data:
what is to be done? Occupational and environmental medicine 1998;55(4):272-277.

109. Savu A, Liu Q, Yasui Y. Estimation of relative risk and prevalence ratio. Stat Med 2010;29(22):2269-2281.

110. Moons KG, Royston P, Vergouwe Y, et al. Prognosis and prognostic research: what, why, and how? BMJ (Clinical
research ed) 2009;338:b375.

111. Labarere J, Renaud B, Fine MJ. How to derive and validate clinical prediction models for use in intensive care
medicine. Intensive care medicine 2014;40(4):513-527.

112. Salluh JI, Soares M. ICU severity of illness scores: APACHE, SAPS and MPM. Current opinion in critical care
2014;20(5):557-565.

113. Langley G, Moen R, Nolan K, et al. The Improvement Guide: A practical Approach to Enhancing Organizational
Performance. USA: Jossey-Bass; 2009.

114. Peters D. Implementation Research in Health: A Practical Guide. Geneva: WHO; 2013.

115. Flottorp SA, Oxman AD, Krause J, et al. A checklist for identifying determinants of practice: a systematic review and
synthesis of frameworks and taxonomies of factors that prevent or enable improvements in healthcare professional practice.
Implementation science : 1S 2013;8:35.

116. Jones AE, Shapiro NI, Roshon M. Implementing early goal-directed therapy in the emergency setting: The challenges
and experiences of translating research innovations into clinical reality in academic and community settings. Acad Emerg
Med 2007;14(11):1072-1078.

117. Grimshaw JM, Thomas RE, MacLennan G, et al. Effectiveness and efficiency of guideline dissemination and
implementation strategies. Health technology assessment (Winchester, England) 2004;8(6):iii-iv, 1-72.

118. McCormack L, Sheridan S, Lewis M, et al. Communication and dissemination strategies to facilitate the use of health-
related evidence. Evidence report/technology assessment 2013(213):1-520.

119. Squires JE, Sullivan K, Eccles MP, et al. Are multifaceted interventions more effective than single-component
interventions in changing health-care professionals' behaviours? An overview of systematic reviews. Implementation science
1S 2014;9:152.

120. Avyieko P, Ntoburi S, Wagai J, et al. A multifaceted intervention to implement guidelines and improve admission
paediatric care in Kenyan district hospitals: a cluster randomised trial. PLoS medicine 2011;8(4):e1001018.

121. Weinert CR, Mann HJ. The science of implementation: changing the practice of critical care. Current opinion in critical
care 2008;14(4):460-465.

122. Sinuff T, Muscedere J, Adhikari NK, et al. Knowledge translation interventions for critically ill patients: a systematic
review*. Critical care medicine 2013;41(11):2627-2640.

123. Jacob ST, Banura P, Baeten JM, et al. The impact of early monitored management on survival in hospitalized adult
Ugandan patients with severe sepsis: a prospective intervention study*. Critical care medicine 2012;40(7):2050-2058.

124. Andrews B, Muchemwa L, Kelly P, et al. Simplified Severe Sepsis Protocol: A Randomized Controlled Trial of
Modified Early Goal-Directed Therapy in Zambia. Critical care medicine 2014;42(11):2315-2324.

125. Dunser MW, Festic E, Dondorp A, et al. Recommendations for sepsis management in resource-limited settings.
Intensive care medicine 2012;38(4):557-574.

126. McPake B, Mensah K. Task shifting in health care in resource-poor countries. Lancet 2008;372(9642):870-871.

127. Lalonde A. FIGO Safe Motherhood and Newborn Health Committee: Human resources for health in the low-resource
world: collaborative practice and task shifting in maternal and neonatal care. Int J Gynaecol Obstet 2009;105(1):74-76.

128. Callaghan M, Ford N, Schneider H. A systematic review of task- shifting for HIV treatment and care in Africa. Hum
Resour Health 2010;8:8.

129. Lavy C, Sauven K, Mkandawire N, et al. State of surgery in tropical Africa: a review. World J Surg 2011;35(2):262-
271.

130. Sawe HR, Mfinanga JA, Lidenge SJ, et al. Disease patterns and clinical outcomes of patients admitted in intensive care
units of tertiary referral hospitals of Tanzania. BMC international health and human rights 2014;14:26.

51



131. Litorp H, Kidanto HL, Roost M, et al. Maternal near-miss and death and their association with caesarean section
complications: a cross-sectional study at a university hospital and a regional hospital in Tanzania. BMC pregnancy and
childbirth 2014;14:244.

132. Tanzania. Tanzania Service Provision Assessment Survey. Dar es Salaam: National Bureau of Statistics; 2006.

133. Tanzania. The National Road Map Strategic Plan To Accelerate Reduction of Maternal, Newborn and Child Deaths in
Tanzania. 2008.

134. Baelani I, Jochberger S, Laimer T, et al. Identifying resource needs for sepsis care and guideline implementation in the
Democratic Republic of the Congo: a cluster survey of 66 hospitals in four eastern provinces. Middle East journal of
anaesthesiology 2012;21(4):559-575.

135. Bataar O, Lundeg G, Tsenddorj G, et al. Nationwide survey on resource availability for implementing current sepsis
guidelines in Mongolia. Bulletin of the World Health Organization 2010;88(11):839-846.

136. Westcott M, Martiniuk ALC, Fowler R, et al. Critical care resources in the Solomon Islands: a cross- sectional survey.
BMC international health and human rights 2012;12.

137. Nolan T, Angos P, Cunha AJ, et al. Quality of hospital care for seriously ill children in less-developed countries. Lancet
2001;357(9250):106-110.

138. English M, Esamai F, Wasunna A, et al. Delivery of paediatric care at the first-referral level in Kenya. Lancet
2004;364(9445):1622-1629.

139. Murthy S, Adhikari NK. Global health care of the critically ill in low-resource settings. Annals of the American
Thoracic Society 2013;10(5):509-513.

140. Obermeyer Zea. Emergency care in 59 low- and middle-income countries: a systematic review. Bulletin of the World
Health Organisation 2015;93:577-586.

141. Calvello EJ, Skog AP, Tenner AG, et al. Applying the lessons of maternal mortality reduction to global emergency
health. Bulletin of the World Health Organization 2015;93(6):417-423.

142. Calvello EJ, Tenner AG, Broccoli MC, et al. Operationalising emergency care delivery in sub-Saharan Africa:
consensus-based recommendations for healthcare facilities. Emergency medicine journal : EMJ 2015:doi:10.1136/emermed-
2015-204994

143. Coyle RM, Harrison H-L. Emergency care capacity in Freetown, Sierra Leone: A service evaluation. BMC Emergency
Medicine 2015;15(1).

144. Hodges SC, Mijumbi C, Okello M, et al. Anaesthesia services in developing countries: defining the problems.
Anaesthesia 2007;62(1):4-11.

145. Jochberger S, Ismailova F, Lederer W, et al. Anesthesia and its allied disciplines in the developing world: a nationwide
survey of the Republic of Zambia. Anesthesia and analgesia 2008;106(3):942-948.

146. Eriksson J, Baker T, Jornvall H, et al. Quality of anaesthesia for Caesarean sections: a cross-sectional study of a
university hospital in a low-income country. Trop Med Int Health 2015;20(10):1329-1336.

147. Vincent JL, Marshall JC, Namendys-Silva SA, et al. Assessment of the worldwide burden of critical illness: the
Intensive Care Over Nations (ICON) audit. The lancet Respiratory medicine 2014;2(5):380-386.

148. Bell MB, Konrad D, Granath F, et al. Prevalence and sensitivity of MET-criteria in a Scandinavian University Hospital.
Resuscitation 2006;70(1):66-73.

149. Chen J, Ou L, Hillman K, et al. The impact of implementing a rapid response system: a comparison of cardiopulmonary
arrests and mortality among four teaching hospitals in Australia. Resuscitation 2014;85(9):1275-1281.

150. Bellomo R, Goldsmith D, Uchino S, et al. A prospective before-and-after trial of a medical emergency team. The
Medical journal of Australia 2003;179(6):283-287.

151. Rosedale K, Smith ZA, Davies H, et al. The effectiveness of the South African Triage Score (SATS) in a rural
emergency department. South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde 2011;101(8):537-540.

152. Gerdin M, Roy N, Khajanchi M, et al. Predicting early mortality in adult trauma patients admitted to three public
university hospitals in urban India: a prospective multicentre cohort study. PloS one 2014;9(9):e105606.

153. Asiimwe SB, Abdallah A, Ssekitoleko R. A simple prognostic index based on admission vital signs data among patients
with sepsis in a resource-limited setting. Critical care (London, England) 2015;19:86.

154. Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign: international guidelines for management of
severe sepsis and septic shock: 2012. Critical care medicine 2013;41(2):580-637.

52



155. Jacob ST, Lim M, Banura P, et al. Integrating sepsis management recommendations into clinical care guidelines for
district hospitals in resource-limited settings: the necessity to augment new guidelines with future research. BMC medicine
2013;11:107.

156. Marik PE, Desai H. Goal directed fluid therapy. Current pharmaceutical design 2012;18(38):6215-6224.

157. Maitland K, Kiguli S, Opoka RO, et al. Mortality after fluid bolus in African children with severe infection. The New
England journal of medicine 2011;364(26):2483-2495.

158. Opio MO, Nansubuga G, Kellett J, et al. Performance of TOTAL, in medical patients attending a resource-poor hospital
in sub-Saharan Africa and a small Irish rural hospital. Acute medicine 2013;12(3):135-140.

159. RCP. National Early Warning Score (NEWS). Standardising the assessment of acute-illness severity in the NHS. Report
of a working party. Royal College of Physicians; 2012.

160. Molyneux E, Ahmad S, Robertson A. Improved triage and emergency care for children reduces inpatient mortality in a
resource-constrained setting. Bulletin of the World Health Organization 2006;84(4):314-319.

161. Dobson MB. Oxygen concentrators offer cost savings for developing countries. A study based on Papua New Guinea.
Anaesthesia 1991;46(3):217-219.

162. Duke T, Wandi F, Jonathan M, et al. Improved oxygen systems for childhood pneumonia: a multihospital effectiveness
study in Papua New Guinea. Lancet 2008;372(9646):1328-1333.

53



APPENDIX

Structure Standards for Emergency and Critical Care in Low Income Countries

The hospital should have

Aninfrastructure designed for managingemergency and crifically ill adults and children

Dasignaizd Triags Araa

: Far aduits

= Faor childran
Infrastructure | , | DSsgnai=d Smangancy Room J Arsa
Indicators : el g:"_i_.,,

i An ICU o 3 designated arsa of 3 ward f oriically W pabants

= Far adults

£ Far childran
Sufficient human resource s for managing emergency and critically ill adults and children

7 Nursaioiner hediln warkar Sihar workdng In e ER or hawing e 1ask of Immedigialy gaing 10 e ER If 3 oritically M patiam amives
Human £ | Acnidan Shar wardng In e ER or being “on-cal” for e ER I 3 orificaly W patanl anivas
Resource
Indicators E Adesignaiad “Medical Haad of ICU°

10 | A migher raso of staft padamts on ICU an an genardl wards
Sufficiently frained staff for managing emergency and critically ill adults and children

1| Murses and cniclans Mmvaivad In 3dull wiage haes Desn wainsd In adull raige

12 | Murses and ciniclans Mmvaived In emergency cars of 3duits Mave undergone aining In emengency cars
Training 12 | Murses and cinicians Mmeaivad In crifical care fr 3duits haws undrgong raning W critical cans
Indicators 14 | Nurses and cinicdans imvaived I paediairc iage have bean wained In paediaiic tiage

15 | Murses and cliniclans Mmvaivad In amargancy care of childran have undargona waning In emangancy cars

18 | Mursss and clinicians imvaivad In orifical care f childran have undargana raining I pasdiatic oriical cars
Essential drugs for emergency and critical care

17 | Oral Rghydraion  Soulion

18 | M glucass

12 W orystElaid (Normal S3ine + Ringars Lactsis)

0| Diazspam

o Paracstamal

= Paranieral Panicllin {or aquivalani]

2 | Paromzrd Gemamyodn (or eguivaa)

2% | Paramzral Qunine (or o ani-malanal)

= | wztaming

2% | Ldocane
Dmg o Adranina
Indicators 2= | atrggns

= Frusamide

| weedpine or ol ani-hypariansive

# | AminagiTyiline

32| Eaouilamdl (for mnEer or nebulsar)

= | Hydrocwisana

## | insullin

= | WM opioids

2| Naamme

3T | Trigpemans

= | sucdmyichaing
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=) Mon-depolarising musck relaxant

40 UncytocanEngotamins:

41 Magnesiuvm Sulphsi=

4z Fhenobarbetal / Fhenytoin

Essential equipment for emergency and crifical care

4z Ulock with second hand

H Gloves - clean

4z Gloves - stenke

FE Sharps disposal

a7 Running water & soap

42 | Ural airway |Sustel) — 30Ul & paedisnc sEss

45 | Suchon machine |foot powersd of Elecinicy & tubing

=0 Laryngoscope|workng)

i

Endotraches] Tubes — adult & pasdistric sizes

=z Higid neck collaror Sandbags/ | owelrolls and head restrams
=2 Lhest tube & undersaier seal {or equivalant)

54 Fulse oximeter

£ Hag valve mask | Ambu bag)

EH stethoscope

57 Foetal stethoscope

=} Hieod pressune cutt

Equipment == IV cannulae — adult sEe (e 18G)
Indicators &0 IV cannulae — pasedistricsioe (2g 225, 243
E IV grving sets

= MNesdies

22 Syninges — Zmi & smi

E4 Urine catheters & bags

ES Gaure & bandages

& Skan disintectant

&7 Tarch

g2 | Electnory Zahowsiday

=] Light suntable tor cinecal examinabon

T Bedside blood sugar testing device & strips

71 Weaghang scales

TI I ermometer

TE Hetngerator

T4 Masogastnc Tubes

75 Untygen concantator  cylindsr with 1308 mMasks of nasal prongs and tubing

78 SyS1Em for ensunng CoMiNLCoUs Svalsbilty of cxygen (= resere slecmicty genaraior / resene cylinders with good ransport and
refilling system)

Routines for managing emergency and crifically ill adults and children

System for categorising patients according to dinical urgency (triage)
For adults

Routines = For childran
Indicators System tor pronhsing the treatment ot cmbcslly il pahents betor stble pabents
; For adults

Far children
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Structure Standards for EsCC in Low Income Countries

Admission registration and psyment delayed wntil sfter trisge and emengency trestment
L For adults
= Far children
= 1EU admission/discharge crileria
Murses have 3 routing of tfreguent observatons of the patients | howrly or speched depending on clmica nesd)
B For adults
== Far children
Lhimcians check pabents {ward rownds ) 5tlesst taice 3 day
= For adults
! For children
= There is 3 system for identifying criically ill patients on general wards and transfering to ICU (A “track and trigger” system)

Guidelines for managing emergency and crifically ill adults and children

smdelines tor tnage
= For adults

= For chikdren

Lmdelines tor Emargeney Uare
. . Bl Faor adults
Guidelines e hildne

. Faor children
Indicators

smdelnes tor Gnbcal Uare
= For adults
Far children

Guidelines for Omygen use

Support Services for managing emergency and critically ill adults and children

s Lab with faciliies and trained personnel to measure Haemoglobin

Lab with tacilmes and traunad personnel to messure biood glecose

a7
] Lab with tacilbes and personnel o messure Serum UreaUreshnane, Sodum and Hotassem
]

Support X-ray facilities and tmined pesonnel forchest radographs
Services m | System for emergency bkood transuson
Indicators W | System tor makng cross matched biood Svailabie within 1 hour of bieod sampleamving n lab

= System for testing donor bleod for the virueses HIV, Hepaitis B & C

= Lab with tacilibes and tranmned personne] o 40 dinect microscopy & bactensl gram stam

= Lab with tacilibes and tramned personnsl o 4o baciend cullure and anbohic senstnrhes

I intravenous; IMintramuscular;

Advanced Emergency & Critical Care Indicators

The hospital has:

1 Wentilator

2 Piperadillin/Meropensm

3 Colloid

4 | FreshFrozen Plasma

5 propofol or Midazolam

g Noradrenaline or Dobutamine

T Invasive Blood Pressure Monitoring
& Central Venous Pressure Maonitoring
3 | aterial Blood Gas analysis

10 | syrinze pump




