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Objective: To investigate whether deranged physiologic param-
eters at admission to an ICU in Tanzania are associated with 
in-hospital mortality and compare single deranged physiologic 
parameters to a more complex scoring system.
Design: Prospective, observational cohort study of patient notes 
and admission records. Data were collected on vital signs at 
admission to the ICU, patient characteristics, and outcomes. Cut-
offs for deranged physiologic parameters were defined a priori 
and their association with in-hospital mortality was analyzed using 
multivariable logistic regression.
Setting: ICU at Muhimbili National Hospital, Dar es Salaam, 
 Tanzania.
Patients: All adults admitted to the ICU in a 15-month period.
Measurements and Main Results: Two hundred sixty-nine 
patients were included: 54% female, median age 35 years. 
In-hospital mortality was 50%. At admission, 69% of patients 
had one or more deranged physiologic parameter. Sixty-four 
percent of the patients with a deranged physiologic parameter 
died in hospital compared with 18% without (p < 0.001). The 
presence of a deranged physiologic parameter was associated 
with mortality (adjusted odds ratio, 4.64; 95% CI, 1.95–11.09). 
Mortality increased with increasing number of deranged physi-
ologic parameters (odds ratio per deranged physiologic param-
eter, 2.24 [1.53–3.26]). Every individual deranged physiologic 
parameter was associated with mortality with unadjusted odds 
ratios between 1.92 and 16.16. A National Early Warning Score 
of greater than or equal to 7 had an association with mortality 
(odds ratio, 2.51 [1.23–5.14]).
Conclusion: Single deranged physiologic parameters at admis-
sion are associated with mortality in a critically ill population in 
a low-income country. As a measure of illness severity, single 
deranged physiologic parameters are as useful as a compound 
scoring system in this setting and could be termed “danger 
signs.” Danger signs may be suitable for the basis of routines 
to identify and treat critically ill patients. (Crit Care Med 2015; 
43:2171–2179)
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Although critical care is a limited resource all over 
the world, this is especially the case in low-income 
countries (1, 2). Globally, the majority of critically ill 

patients are cared for in hospitals that lack advanced monitor-
ing and medical equipment (3, 4). The sparse data that have 
been published about critical illness in low-income countries 
report high mortality rates of 27–43% (5–8).

Tanzania, a low-income country in East Africa, has a popula-
tion of 47 million, and an annual health expenditure of $38 per 
capita (9). Very few hospitals in Tanzania have ICUs, and there 
are structural barriers for critical care with deficiencies in infra-
structure, human resources, training, and clinical routines (10).

The mainstay of critical care is monitoring and treating 
deranged physiology. Vital signs (heart rate, blood pressure, 
respiratory rate, conscious level, oxygen saturation, and body 
temperature) are markers of deranged physiology (11). Much 
recent work has focused on Early Warning Scores (12), rapid 
response teams (13), and goal-directed therapies (14, 15) that 
use vital signs to identify critical illness and trigger medi-
cal interventions. To define the trigger, these initiatives either 
use scoring systems that combine vital signs or use a defined 
level of abnormality of single vital signs. The single parameter 
abnormalities are markers of severely deranged physiology: 
once identified, an emergency response may be lifesaving. The 
initiatives have been developed in high-income countries and 
their utility has not been investigated in low-income coun-
try settings. We aimed to investigate whether single deranged 
physiologic parameters at admission to the ICU are associated 
with in-hospital mortality in Tanzania and compare single 
deranged physiologic parameters to a more complex scoring 
system.

MATERIALS AND METHODS
We conducted a prospective, observational cohort study of patient 
notes and admission records in the ICU at Muhimbili National 
Hospital (MNH) in Tanzania’s largest city, Dar es Salaam.

Setting
MNH is a national referral hospital with 1,500 beds, receiving 
patients from the Dar es Salaam area (approximately 4 mil-
lion inhabitants) and from other hospitals nationwide. The 
ICU is a closed six-bedded unit situated centrally in the hos-
pital and is intended for all categories of patients with failing 
vital functions. During the period of the study, MNH had four 
specialists in anesthesia and intensive care who were respon-
sible for care in the ICU, admitting patients and conducting 
ward rounds. They also had further duties in the 16 operating 
theaters and other acute care areas. The ICU nurses worked 
three 8-hour shifts with four to six nurses per shift. None of 
the nurses had formal intensive care qualifications. The ICU 
had six ventilators, suction machines, piped oxygen, and moni-
toring of electrocardiography, noninvasive blood pressure, and 
pulse oximetry. IV crystalloids, antibiotics, blood transfusions, 
adrenaline, and dopamine were available. Noradrenaline, other 
inotropes, and continuous sedation were not used. MNH was 
chosen as the site for the study due to the existence of an 

ongoing international collaboration. The Muhimbili-Karolin-
ska Anaesthesia and Intensive Care Collaboration was started 
in 2008 with the aim of improving anesthesia and intensive 
care through training, staff exchanges, guidelines, and research.

Study Population
The study population was all patients who were admitted and 
had completed their care in the ICU in a 15-month period 
between the study dates of November 11, 2012, and March 10, 
2014. Patients lacking data on hospital outcome were excluded 
from the study and those lacking all vital sign observations at 
admission were excluded from all analyses except for the over-
all cohort size and outcome. Patients younger than 16 years 
old were excluded for all vital signs analyses as children do not 
have the same reference ranges as adults.

Deranged Physiologic Parameters
We used the cutoffs for deranged physiologic parameters in the 
Karolinska University Hospital’s Medical Emergency Team pro-
tocol (16). The Karolinska protocol was chosen as it is simple 
and designed for wards without advanced monitoring facili-
ties and is based on validated criteria (16, 17), and the Medical 
Emergency Team at Karolinska reduced in-hospital mortality 
by 10% (18). Two modifications were made to the Karolinska 
protocol. Glasgow Coma Scale (GCS) was modified to provide 
a static rather than dynamic cutoff as we were collecting data 
on only one occasion per patient, and we added a parameter for 
inspired oxygen as we hypothesized that high concentrations of 
oxygen therapy are a proxy for severe illness. Our parameters can 
be seen in Figure 1. For comparison, we used the National Early 
Warning Score (NEWS), the vital signs compound scoring sys-
tem which has previously been shown to have the greatest ability 

Figure 1. Deranged physiologic parameters used in the study.
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to discriminate at-risk patients (12). As per NEWS standards, a 
score greater than or equal to 7 was defined as critical (19).

Data Acquisition
Preexisting routines at MNH included systematic hourly docu-
mentation of the patient’s vital signs and treatments given on ICU 
observation charts. Four of the ICU nurses were given brief train-
ing as research assistants prior to the study and received a camera 
and computer. They photographed the ICU observation charts 
every day and uploaded the photographs to an encrypted, secure 
storage server. Data on vital signs at admission to the ICU were 
extracted from the photographs and entered into a database. If an 
observation chart was missing, admission vital signs were found 
in the patient’s medical notes. Data on patient characteristics, 
dates of arrival and discharge, diagnosis, and ICU outcome were 
added from the charts and ICU admission books. Follow-up of 
the patients continued on the wards until hospital discharge or 
death. The primary endpoint for the study was in-hospital mor-
tality. Post discharge follow-up was not possible in this setting.

Statistical Analysis
Stata (Release 12, StataCorp, College Station, TX) was used for 
the analyses. Descriptive statistics were used to investigate patient 
characteristics. Unless otherwise stated, data are shown as median 
(range). Proportions between groups were compared with chi-
square tests, and nonparametric data were compared with Wilcoxon 
rank-sum tests. The area under the receiver operating characteris-
tic curves (AUROCs) for the presence of a deranged physiologic 
parameter and critical NEWS were calculated. A multivariable 
logistic regression model was built to investigate independent 
associations with mortality. All parameters considered biologi-
cally plausible were included in the model and stepwise backward 
elimination was used to remove parameters at a significance level 
(p = 0.20). The final model included age, admitting specialty, 
admitting ward, intubation, and mechanical ventilation. When 
individual deranged physiologic parameters were analyzed, all the 
other deranged physiologic parameters were added to the model as 
potential confounders. Odds ratios (ORs) were given with a 95% 
CI, and p values were calculated using likelihood ratio tests. We 

tested for collinearity by quan-
tifying variance inflation factors. 
Single missing vital sign data 
were regarded as normal and 
sensitivity analysis, whereby the 
missing vital signs were excluded 
or regarded alternatively as 
deranged physiologic param-
eters, did not alter the results.

Ethical Considerations
Ethical clearance was granted by 
the National Institute for Medi-
cal Research in Tanzania (NIMR/
HQ/R.8a/Vol.IX/1606), by 
Muhimbili University of Health 
& Allied Sciences (MU/DRP/
AEC/Vol.XVI/125), and by the 
Swedish Ethical Review Board 
(EPN2015/673-31/2). Permis-
sion for the study was granted 
by The Tanzanian Commission 
for Science and Technology and 
by the Director of Medical Ser-
vices at MNH. As the study was 
observational, was part of qual-
ity improvement on the ICU, 
and the data were anonymized 
for analysis, individual patient 
consent was waived by the ethics 
committees.

RESULTS

General Characteristics
Three hundred sixty patients 
were cared for in the ICU at 

Figure 2. Study flowchart. Patients were admitted and had completed their care in the ICU between November 
11, 2012 and March 10, 2014..
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Muhimbili during the study period (Fig. 2). For the whole 
cohort, median age was 31 years (2 mo to 85 yr), ICU mortal-
ity was 46%, and in-hospital mortality was 51%.

Seventy-two of the patients were under 16 years old, median 
age 3 years (2 mo to 15 yr), ICU mortality of 45%, and an in-
hospital mortality of 50%. Data on vital signs at admission were 
missing for 15 patients, 10 of whom died in hospital (60%). These 
two groups of patients were excluded from further analyses.

Of the remaining 269 patients, 54% were female with an 
average age of 35 years (16–85 yr) (Table 1). Patients were 
admitted from surgical specialties, obstetrics and gynecology, 
internal medicine, and infectious diseases. One quarter (26%) 
were planned admissions after elective surgery, and 113 (42%) 
were admitted following emergency surgery. One third (32%) 
were admitted without preceding surgery. Over half (59%) 
were admitted directly from the operating theater, and the 
other patients came from the hospital wards, the emergency 
room, and from other hospitals.

Illness Severity
At admission, 69% of patients had one or more deranged phys-
iologic parameter (Table 2). Sixty-two percent had a critical 
NEWS greater than or equal to 7. The patients had a mean of 
1.3 deranged physiologic parameters (range, 0–5) and a mean 
NEWS of 7.8 (0–18). The median length of stay (LOS) in the 
ICU was 1.8 days (30 min to 66 d), mortality within the first 24 
hours was 14%, ICU mortality was 44%, and in-hospital mor-
tality was 50%. Sixty-nine patients were planned admissions 
after elective surgery, 75% of these were still intubated but 
were not treated with mechanical ventilation (delayed extuba-
tion). The planned admissions had fewer deranged physiologic 
parameters at admission (mean, 0.3 [0–3]; p < 0.001), shorter 
LOS (0.9 d [0.7–15 d]; p < 0.001), and less in-hospital mortal-
ity (7%; p < 0.001) than the unplanned admissions (Table 2).

Deranged Physiologic Parameters as Prognostic 
Factors for Mortality
The distributions and mortality rates of deranged physi-
ologic parameters, age, and vital signs can be seen in Figure 3. 
Sixty-four percent of the patients with a deranged physiologic 
parameter died in hospital compared with 18% without (p < 
0.001). The presence of a deranged physiologic parameter at 
admission was associated with mortality (adjusted OR, 4.64 
[1.95–11.09]; p < 0.001; AUROC, 0.70 [0.65–0.75]) (Table 3). 
Mortality increased with increasing number of deranged phys-
iologic parameters (adjusted OR per increase of one deranged 
physiologic parameter, 2.24 [1.53–3.26]; p < 0.001).

Every individual deranged physiologic parameter was asso-
ciated with mortality with statistically significant unadjusted 
ORs between 1.92 and 16.16 (Table 3). Collinearity between the 
deranged physiologic parameters was not high (all variance infla-
tion factors were < 10). Deranged physiologic parameters for 
GCS, respiratory rate, and systolic blood pressure remained sig-
nificant after adjusting. Systolic blood pressure less than 90 mm 
Hg had the largest OR. Severe hypothermia (body temperature  
≤ 35.1°C) (OR, 0.30 [0.04–2.61]; p = 0.28), severe hyperthermia 

(body temperature ≥ 39.1°C) (OR, 1.09 [0.44–2.68]; p = 0.85), 
and hypertension (systolic blood pressure > 180) (OR, 0.67 
[0.06–7.49]; p = 0.74) were not associated with mortality.

TAbLE 1. Age, Sex, Admitting Ward, Admitting 
Specialty, and Respiratory Support at 
Admission for All Patients Over 16 Years Old

Characteristic

Adults ≥ 16 Yr  
(n = 269)

n (%)

Age, median (range) in yr 35 (16–85)

Female 146 (54)

Admitted to ICU from

                                Ward in Muhumbili Hospital 53 (20)

                                Emergency department 48 (18)

                                Operating theater 160 (59)

                                Other hospital 8 (3)

Planned admissions

                                Postoperative elective surgery 69 (26)

                                 ENT 37 (14)

                                 Thyroid 16 (6)

                                 Abdominal 7 (3)

                                 Thoracic 9 (3)

Unplanned admission 200 (74)

                                Postoperative emergency surgery

                                 Any emergency surgery 113 (42)

                                 Abdominal 68 (25)

                                 ENT 5 (2)

                                 Obstetrics/gynecology 30 (11)

                                 Thyroid 2 (0.7)

                                 Breast 1 (0.4)

                                 Urological/renal 2 (0.7)

                                 Thoracic 5 (2)

 Medicala 87 (32)

                                 Obstetrics/gynecology 12 (4)

                                 Internal medicine 52 (19)

                                 Infectious diseases 17 (6)

  Foreign body/poisoning 5 (2)

  Unknown 1 (0.4)

Receiving oxygen 221b (88)

Intubated 202 (75)

Mechanical ventilation 137 (51)

ENT = ear, nurse, and throat.
a    Medical = not postoperative.
b Data missing on oxygen therapy at admission for 19 patients.
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Other Factors and Mortality
Increasing age was associated with mortality (adjusted OR, 
1.03 per yr [1.01–1.06]; p = 0.003) as was the use of mechani-
cal ventilation at admission (adjusted OR, 3.46 [1.15–10.42];  
p = 0.03), but gender was not (OR, 0.71 [0.44–1.48]; p = 0.16). 
A critical NEWS of greater than or equal to 7 had an associa-
tion with mortality (adjusted OR, 2.51 [1.23–5.14]; p = 0.01; 
AUROC, 0.64 [0.58–0.69]) (Table 3).

Early Deaths
Twenty-four patients (9%) died within 12 hours of admission 
to ICU. All of these patients were unplanned admissions and 
they had a heterogeneous range of diagnoses. Their median 
age was 36.5 years (range, 19–73 yr) and 54% were female. All 
of them had at least one deranged physiologic parameter at 
admission and they had more deranged physiologic param-
eters (2.4 [1–5]) than the other patients (1.2 [0–5]; p < 0.001).

DISCUSSION

Deranged Physiologic Parameters
We have found that the presence of a deranged physiologic 
parameter can be used as a measure of illness severity in a 
critically ill population in a low-income country. A deranged 
physiologic parameter at admission to ICU was strongly 
associated with in-hospital mortality. Furthermore, the risk 
of in-hospital death increased with an increasing number of 
deranged physiologic parameters. These findings are con-
sistent with the results in a previous study looking at the 

association of deranged vital signs at admission to hospital in 
Tanzania with death (20).

Individual Deranged Physiologic Parameters
All the individual deranged physiologic parameters had an unad-
justed association with mortality while body temperature and 
hypertension did not. This gives some validation to the design of 
our deranged physiologic parameter model. Hypotension (sys-
tolic blood pressure < 90 mm Hg) had the strongest association 
and remained significant after adjusting for confounders. Ninety-
two percent of patients with hypotension died in hospital. Sys-
tolic blood pressure has recently been shown to be associated with 
early mortality in trauma patients in India (21). International 
recommendations for shock include early identification and fluid 
resuscitation (22, 23), and a recent intervention study of sepsis in 
Uganda reduced mortality from 45.7% to 33.0% using monitor-
ing and fluid resuscitation (24). Our results suggest that this could 
be a possible area for improvement on the unit.

Comparison With NEWS
Our results suggest that in this setting, for an association 
with mortality, single deranged physiologic parameters 
are as useful as the more complex NEWS compound scor-
ing system. One previous study has found that compound 
scores were better than single parameters for discriminating 
the risk of adverse outcomes (25). However, the authors also 
concluded that “there may be a case for defining extreme 
values for each vital sign … irrespective of the aggregate 
NEWS score” and the NEWS protocol in use throughout 

TAbLE 2. Illness Severity at Admission,  Mortality Rates, and Length of Stay in the ICU, 
Grouped Into Planned and Unplanned Admissions

Parameter

All  
(n = 269),  

n (%)

Planned  
Admissions  

(n = 69), n (%)

Unplanned  
Admissions  

(n = 200), n (%) p

Deranged physiologic parameters

 Patients without any deranged physiologic parameters 83 (31) 49 (71) 34 (17) < 0.001a

 Patients with one or more deranged physiologic parameter 186 (69) 20 (29) 166 (83)

  No. of deranged physiologic parameters, mean (range) 1.3 (0–5) 0.3 (0–3) 1.6 (0–5) < 0.001b

NEWS

                                Patients with NEWS < 7 101 (38) 43 (62) 58 (29) < 0.001a

                                Patients with NEWS ≥ 7 168 (62) 26 (38) 142 (71)

                                NEWS, mean (range) 7.8 (0–18) 6.1 (0–12) 8.3 (0–18) < 0.001b

Mortality rates

                                24-hr mortality 39 (14) 1 (1) 38 (19) < 0.001a

                                ICU mortality 119 (44) 3 (4) 116 (58) < 0.001a

                                In-hospital mortality 134 (50) 5 (7) 129 (65) < 0.001a

Length of stay in ICU, median (range), d 1.8 (0.02–66) 0.9 (0.7–15) 2.7 (0.02–66) < 0.001b

NEWS = National Early Warning Score.
a    p values compare groupings by chi-square test for proportions.
b    p values compare groupings by Wilcoxon rank-sum test for nonparametric data.
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the United Kingdom includes escalation of care when single 
“red signs” are discovered (19).

Prognostic Factors
The aim of our study was to investigate whether single deranged 
physiologic parameters are prognostic factors for mortality and 
not to find the best-fitting multivariable prediction model. Single 
parameters are simple and quick to evaluate, making them prag-
matic for settings with low staffing levels, such as in hospitals in 
Tanzania. While multivariable models have shown good results 
in some settings (12, 26), their usefulness has been questioned—
Early Warning Scores were not accurate enough for clinical use 
in Malawi (27) or in Canada (28). Single deranged physiologic 
parameters have the added benefit of indicating which vital 
function is failing, allowing a direct link to a protocol advising 

a treatment modification, which a compound score does not. A 
deranged physiologic parameter for hypotension, for example, 
can be followed by an instruction to administer fluid. Following 
this study, MNH is introducing a protocol on the ICU that uses 
this methodology.

Mortality Rates
We have described a patient cohort on a mixed ICU in a low-
income country. An in-hospital mortality rate of 50% and ICU 
mortality rate of 44% for all patients greater than or equal to 16 
years old (65% and 58% respectively for unplanned patients) are 
strikingly high, especially given the young age of the patients. 
Similar figures were found in a recent survey of four ICUs in Tan-
zania including Muhimbili (29). A worldwide survey of ICUs in 
2014 found an in-hospital mortality of 22.4% (30). There are two 

Figure 3. In-hospital mortality rates by presence of a deranged physiologic parameter (A), number of deranged physiologic parameters (b), age (C), 
Glasgow Coma Scale (GCS) (D), respiratory rate (E), inspired oxygen (F), oxygen saturation (G), heart rate (H), and systolic blood pressure (I) at 
admission. Missing vital signs excluded from graphs. Black bars represent deranged physiologic parameters and gray bars represent normal.
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potential explanations for the high mortality rates in our study: 
a very sick patient selection or poor quality of care on the unit. 
The level of physiologic derangement at admission may support 
the first explanation: 83% of unplanned admissions had one or 
more deranged physiologic parameters, average 1.6 per patient. 
Furthermore, 24 patients (9%) died within 12 hours of admis-
sion—it is likely that a large proportion of these patients were 
not salvageable. In a 1,500-bedded hospital, such as Muhimbili, 
it would be expected that far more patients would be critically 
ill than the six-bedded ICU could admit. Furthermore, the short 
median LOS of 1.8 days for 360 patients over a 15-month period 
indicates that the ICU beds were not continuously occupied. 
Although the ICU has official admission criteria based on failing 
vital organ systems, many such patients who could benefit from 
intensive care are treated in other parts of the hospital. Whether 
the de facto admission criteria were an extreme severity of ill-
ness or other factors was not possible for us to study: we did not 
gather data on the specific reasons for admission for the patients 
or their comorbidities. However, we are also aware that the unit 
lacks both resources for good quality intensive care and routines 
for managing patients with physiologic derangement (3, 10).

Measuring Illness Severity
Measuring the severity of illness of ICU patients and popula-
tions is important for triage and patient selection. Intensive care 
is a limited resource in all countries in the world, and allocating 

these resources to the people who will most benefit is vital. Both 
patients who are too healthy and those who are too sick are not 
good candidates for intensive care and should be cared for in gen-
eral wards or palliative care units, respectively. Resource allocation 
is especially relevant in low-income countries (31). A high ICU 
mortality rate such as that in our study makes for a tremendously 
challenging working environment that could risk staff burnout, 
fatalism, and potentially salvageable patients could be missed (32).

Measuring illness severity also enables comparisons between 
units and for evaluating quality of care. Scores such as Acute 
Physiology and Chronic Health Evaluation (33), Simplified 
Acute Physiology Score (34), and Sequential Organ Failure 
Assessment (35) have been developed in high-income countries 
to enable the calculation of standardized mortality rates and 
benchmarking. They cannot be used in ICUs in low-income 
countries due to the lack of advanced monitoring and labora-
tory testing. A vital signs–based system was developed in Zambia 
in 1989 but has not been widely adopted (36). There have been 
calls for registries of intensive care facilities and performance in 
low- and middle-income countries to improve access and qual-
ity (37). Deranged physiologic parameters could potentially be 
used for both patient selection and quality comparisons.

Strengths
As far as we are aware, our findings are the first to suggest 
that single deranged physiologic parameters could be used 

TAbLE 3. Mortality and Association With Physiologic Derangements at Admission

Physiologic Derangement

In-Hospital Mortality

Without the  
Derangement

With the  
Derangement ORs (95% CI)

n1/n2 % n1/n2 % Unadjusted Adjusted

One or more deranged physiologic 
parameter

15/83 18.0 119/186 64.0a,b 8.05 (4.27–15.18)a 4.64 (1.95–11.09)a,c

National Early Warning Score ≥ 7 32/101 31.7 102/168 60.7a,b 3.33 (1.97–5.61)a 2.51 (1.23–5.14)c,d

Conscious level (Glasgow Coma Scale 
score ≤ 8)

43/132 32.6 91/137 66.4a,b 4.09 (2.46–6.8)a 2.27 (1.03–5.04)d,e

Respiratory rate (< 8 or > 30/min) 95/214 44.4 39/55 70.9a,b 3.05 (1.61–5.80)d 3.01 (1.13–7.99)d,e

Inspired oxygen (≥ 80% or ≥ 10L/min) 99/213 46.5 35/56 62.5b,d 1.92 (1.05–3.51)d 0.84 (0.30–2.31)e

Oxygen saturation (< 90%) 114/242 47.1 20/27 74.1b,d 3.21 (1.31–7.87)d 1.53 (0.44–5.37)e

Heart rate (< 40 or > 130/min) 104/232 44.8 30/37 81.1a,b 5.27 (2.22–12.50)a 2.01 (0.65–6.20)e

Systolic blood pressure (< 90 mm Hg) 98/230 42.6 36/39 92.3a,b 16.16 (4.83–54.01)a 32.55 (7.01–151.04)a,e

n1     = number of patients that died, n2     = number of patients, ORs = odds ratios.
a    p < 0.001.
b    Chi-square test.
c    Adjustments for age, admitting specialty, admitting ward, intubation, and mechanical ventilation.
d    p < 0.05.
eAdjustments for age, admitting specialty, admitting ward, intubation, and mechanical ventilation and all other individual deranged physiologic parameters.
In-hospital mortality and associations with physiologic derangements at admission expressed as the presence of a deranged physiologic parameter, a critical 
National Early Warning Score, and each individual deranged physiologic parameter.
Odds ratios calculated with unadjusted and multivariable logistic regression.
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to identify at-risk patients and to trigger treatment modifica-
tions in an ICU in a low-income country. Such routines have 
become standard practice in ICUs and many general wards 
in high-income countries (13). Our prospective study design 
minimized missing data and the international collaboration 
within which the study was embedded strengthened commu-
nication and logistics.

Limitations
The study is single centered and was based in a large, university 
hospital in Tanzania. Generalizing the results to settings with 
fewer resources, such as small district hospitals, or to those with 
greater resources, such as hospitals in high-income countries, 
should be done with caution. Our findings of strong associa-
tions with mortality should not be interpreted as predictions 
for individual patients. The presence of a deranged physiologic 
parameter does not predict that the patient will die, and the 
absence of a deranged physiologic parameter does not predict 
survival. As biology and pathologies are so heterogeneous, it 
is unlikely that predictive models based on simple vital signs 
can have sufficient predictive value. As we were not directly 
observing care, we were not able to assess the reliability of the 
documentation on the unit. However, only 5.3% of patients 
were excluded due to a lack of vital signs at admission, and we 
do not have reason to believe that documentation was incon-
sistent or unreliable.

Further Research
Further research is warranted to understand patient selection 
to ICUs in low-income countries and to investigate whether it 
is feasible to introduce routines whereby emergency treatment 
modifications triggered by deranged physiologic parameters 
can improve the quality of care and outcomes for critically ill 
patients when resources are limited.

CONCLUSION
Single deranged physiologic parameters at admission are asso-
ciated with mortality in a critically ill population in a low-
income country and could be termed “danger signs.” Danger 
signs may be suitable for the basis of routines to identify and 
treat critically ill patients.
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