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Abstract

Importance In resource-limited settings, identification of successful and sustainable task-shifting interventions is

important for improving care.

Objective To determine whether the training of lay people to take vital signs as trauma clerks is an effective and

sustainable method to increase availability of vital signs in the initial evaluation of trauma patients.

Design We conducted a quasi-experimental study of patients presenting with traumatic injury pre- and post-

intervention.

Setting The study was conducted at Kamuzu Central Hospital, a tertiary care referral hospital, in Lilongwe, Malawi.

Participants All adult (age C 18 years) trauma patients presenting to emergency department over a six-month

period from January to June prior to intervention (2011), immediately post-intervention (2012), 1 year post-inter-

vention (2013) and 2 years post-intervention (2014).

Intervention Lay people were trained to take and record vital signs.

Main outcomes and measures The number of patients with recorded vital signs pre- and post-intervention and

sustainability of the intervention as determined by time-series analysis.

Results Availability of vital signs on initial evaluation of trauma patients increased significantly post-intervention.

The percentage of patients with at least one vital sign recorded increased from 23.5 to 92.1%, and the percentage of

patients with all vital signs recorded increased from 4.1 to 91.4%. Availability of Glasgow Coma Scale also increased

from 40.3 to 88.6%. Increased documentation of vital signs continued at 1 year and 2 years post-intervention.

However, the percentage of documented vital signs did decrease slightly after the US-trained medical student and

surgeon who trained the trauma clerks were no longer available in country, except for Glasgow Coma Scale. Patients

who died during emergency department evaluation were significantly less likely to have vital signs recorded.

Conclusions and relevance The training of lay people to collect vital signs and Glasgow Coma Scale is an effective

and sustainable method of task shifting in a resource-limited setting.
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Introduction

Vital signs (VS) have been shown to be useful in predicting

mortality in critically ill patients and are essential for

clinical decision making during the initial management of

trauma patients [1–3]. In resource-limited settings, how-

ever, the critical dearth of healthcare personnel and lack of

monitoring technology can result in the lack of routine

acquisition of basic vital signs data in many patients [4, 5].

Sub-Saharan Africa, in particular, suffers from person-

nel and resource shortages that create significant obstacles

in providing quality patient care [6–11]. This lack of

resources has made it challenging for these countries to

achieve health-related millennium development and sus-

tainability goals. The modest interventions to increase the

number of trained healthcare personnel cannot currently

meet the healthcare demand. Malawi is one of the countries

most effected by this crisis with a physician-to-population

ratio of one per 50,000 and a critical nurse shortage with

only 3.4 nurses per 10,000 population [7, 12].

Task shifting to non-physician healthcare workers has

been shown to be an affordable and effective way to

improve health care delivery in places with critical staff

shortages [5, 13–20]. Task shifting is the process of

transferring responsibility for designated tasks from one

cadre of healthcare workers to another less specialized

cadre in order to improve access to care and/or health care

delivery without sacrificing quality. The WHO has rec-

ommended task shifting as a way to make more efficient

use of the current human resources in the healthcare setting

[18, 20]. Studies have found that task shifting improves

access to care for both communicable and non-communi-

cable diseases without decreasing quality of care

[5, 13–20]. In fact, task shifting has been associated with

improved outcomes in a wide array of medical conditions

including the treatment of HIV, hypertension, diabetes,

mental health and surgical diseases including acute illness

and injury. Given the worldwide surgical workforce

shortage, task shifting is becoming increasingly common in

surgical care [21, 22].

In the emergency department at Kamuzu Central

Hospital (KCH) in Lilongwe, Malawi, many trauma

patients are treated without any VS due to a lack of staff

and equipment. A prior study from our institution revealed

that task shifting the duty of VS measurement to lay people

trained as vital sign assistants’ was an effective way to

increase the number of VS assessments in pediatric inpa-

tient triage in our hospital [5]. We therefore sought to

determine whether the training of lay people to take VS is

an effective and sustainable method to increase availability

of VS for clinical decision making in the initial evaluation

of adult trauma patients. We hypothesized that task shifting

the acquisition of VS from hospital nurses to lay people

with at least a high school education would increase the

number of patients with documented VS on presentation to

the emergency department.

Materials and methods

Study setting, design and population

KCH, located in the capital city of Lilongwe, is one of the

Malawi’s largest tertiary care hospitals with a busy trauma

center serving a catchment of 800,000 from Lilongwe and

referrals from Malawi’s central region (pop. 5 million).

The hospital has five surgical wards, including a dedicated

burn center, and 235 adult surgical beds. On average,

approximately 15,500 trauma patients present to the hos-

pital’s emergency department each year, and approxi-

mately 17.5% are admitted for their injuries. The hospital

suffers from critical staff shortages with a patient-to-nurse

ratio often exceeding 100:1 [5]. The number of clinical

staff in the emergency department at a given time generally

consists of two physicians (one medical officer and one

intern) and two nurses. This low provider-to-patient ratio

makes obtaining VS on all patients who present with

trauma difficult, and as a result, many patients are treated,

admitted and even sometimes discharged without a docu-

mented set of VS.

We conducted a quasi-experimental study examining

VS collection in patients presenting to KCH with traumatic

injury. We collected data on patients presenting over the

same six-month period (January through June) pre-inter-

vention in 2011, post-intervention (2012), 1 year post-in-

tervention (2013) and 2 years post-intervention (2014) to

eliminate potential for seasonal and annual variability. The

majority of patients presenting with trauma over these time

frames were male (76.6%). The number of patients with

recorded VS on presentation to the emergency department

was compared over the aforementioned time frames in

order to evaluate for immediate improvement in VS

availability and sustainability.

Intervention

Preexisting trauma registry clerks were trained on VS

collection during an initial 3-h training session including

learning to collect manual blood pressure (BP), heart rate

(HR) and respiratory rate (RR) and to calculate a Glasgow

Coma Scale (GCS) in October 2011. During this session,

clerks were taught the importance of VS including GCS,

the range of normal VS and GCS for adult patients and how

to obtain VS and to determine a patient’s GCS. The clerks



intervention, nurses and physicians were responsible for

taking vital signs. After the intervention, the trauma clerks

took and recorded vital signs on patients independently and

recorded them for the physician evaluation. Data were

collected prospectively for all patients presenting to KCH

with trauma and entered in the trauma registry. Demo-

graphic data and preliminary intervention effects were

analyzed by comparing percentage of patients with recor-

ded VS at each time point initially using a Chi-squared test.

Time-series analyses were then conducted using the R

programming language in the MASS package to further

delineate the effect of the intervention over time and to

control for potential confounding variables [23]. Patients

who were dead on arrival to the emergency department were

excluded from analysis. Analysis of variance (ANOVA) was

used to identify factors that had a significant effect on each

outcome variable (HR, SBP, RR, GCS and if patients had all

vital signs taken). A visual basic for applications script in

MS Excel was used to count combinations of input variables

and the number of times the vital sign of interest was

recorded for a given combination of input variables during

each 6-month period. Vital sign counts were used to gen-

erate negative binomial regressions with the count of each

vital sign not taken as the output variable. The total count of

each input variable combination was used as an offset in the

regression to remove bias in the models due to differing total

number of patients seen between the time periods. Input

variables were checked for significance in the resulting

negative binomial model, and counts were recalculated with

the insignificant variables removed to create a negative

binomial model with only significant input and minimal

Akaike information criterion (AIC).

Resulting models were checked to ensure assumptions

of the negative binomial model held. Likelihood ratio tests

for the model parameters and the log likelihood test were

performed to ensure the negative binomial was a more

appropriate model than the related Poisson model. The

negative binomial model was determined to be the best-fit

model to use for analysis, as the conditional means did not

appear to equal the conditional variances in all models.

Ethics

Both the Malawi National Health Science Research

Council and the University of North Carolina IRB com-

mittees approved this study.

Results

Percentage of trauma patients with recorded VS during

initial evaluation increased substantially post-intervention

(Table 1; Fig. 1). During the 6-month pre-intervention

then practiced taking VS on each other and on patients 
waiting to be seen in the emergency department. They were 
also given a take-home test to practice determining the 
GCS. Test results were reviewed with each clerk individ-

ually if any errors were noted and all VS measurements 
during training were verified by a US-trained medical 
student and surgical resident who conducted the training 
session.

The clerks were instructed to collect VS on patients both 
on presentation to the emergency department and again 
within the first 36 h of admission. After the initial training 
session, a US-trained medical student or surgery resident 
rounded with the trauma clerks daily on the wards for 
2 weeks and verified all manually taken VS and GCS 
determination at which point the measurements taken by the 
clerks corresponded to those taken by the resident or student. 
The medical student or resident continued to spot-check VS 
including rechecking any abnormal VS for an additional 
2-week period and on an as needed basis thereafter. The 
clerks were given a chart with normal VS ranges and GCS 
calculation chart with guidelines for contacting a nurse or 
clinician if an abnormal VS or GCS was found. The same 
US-trained medical student and general surgery resident 
who had conducted the training remained available to help 
with any issues during the 6-month period immediately post-

intervention but were no longer in country at the 1-year and 
2-year post-intervention time frames.

Clerks were then provided with and trained to use two 
automatic OmronBP760 7 Series Upper Arm Blood Pres-
sure Monitor machines to allow for faster BP and HR 
measurement, one to be used in the emergency department 
and the other to be used on the wards. If the machines 
failed, clerks were instructed to revert to manual VS 
measurements. Clerks continued to collect respiratory rate 
manually.

Trauma registry clerks are lay people who had com-

pleted secondary school or higher and were able to read 
and write in both English and Chichewa, the local lan-

guage. They are responsible for recording data for all 
trauma patients presenting to the hospital. KCH has ten 
trauma clerks who cover the emergency department 24 h 
per day, 7 days per week. One of the clerks sits at the 
intake desk at all times to check patients in, record their 
data for the trauma registry and direct patients to the 
appropriate patient care location based on the reason for 
seeking care. During the day, additional clerks round on 
admitted trauma patients to collect data on patients’ clini-

cal courses and enter data into the trauma registry.

Data collection and analysis

VS are one of the variables that the clerks are responsible 
for recording in the trauma registry if available. Prior to the



period, from January to June 2011, 23.5% of patients had at

least one VS documented (HR, BP or RR) on presentation

(n = 4212). During the immediate post-intervention

6-month period, the number of patients with at least one

documented VS increased to 92.1% (n = 4835, p\ 0.01).

Compared to immediately post-intervention, at one-year

post-intervention 82% of patients (n = 4631, p\ 0.01)

and at two years post-intervention 84% (n = 4868,

p\ 0.01) of patients had at least one documented VS. The

percentage of patients with all VS (HR, RR and BP) doc-

umented on presentation increased from 4.1% pre-inter-

vention to 91.4% post-intervention (p\ 0.01). This

decreased to 81.2 and 83.7% of patients with all VS doc-

umented at 1 year post- and 2 years post-intervention,

respectively (p\ 0.01).

The percentage of patients with documented HR on

presentation increased from 21.7 to 92% in the pre-

intervention and immediate post-intervention periods,

respectively (p\ 0.01). Percentage of patients with docu-

mented HR remained high but was lower than immediately

post-intervention at 1 year post-intervention(82%,

p\ 0.01) and at 2 years post-intervention (83.8%,

p\ 0.01). The percentage of patients with documented BP

changed from 23.3% pre-intervention to 92% immediately

post-intervention (p\ 0.01). There was also a decrease in

percentage of patients with a documented BP immediately

post-intervention to 82% 1 year post-intervention

(p\ 0.01) and 83.8% 2 years post-intervention (p\ 0.01).

The percentage of patients with documented RR improved

from 5.3% pre-intervention to 91.6% immediately post-

intervention (p\ 0.01), but the percentage again decreased

to 81.3% 1 year post-intervention (p\ 0.01) and 84%

2 years post-intervention (p\ 0.01) compared to immedi-

ately post-intervention. The percentage of patients with

Table 1 Percentage of patients with documented vital signs and GCS pre-intervention versus post-intervention over time

Time frame % with one VS % with all VS % HR % BP % RR % GCS

Pre-intervention 23.5 4.1 21.7 23.3 5.3 40.3

Post-intervention 92.1 91.4 92.0 92.0 91.6 88.6

1 year post-intervention 82.0 81.2 82.0 82.0 81.3 88.5

2 years post-intervention 84.0 83.7 83.8 83.8 84.0 91.0

Fig. 1 Change in percentage of

documented vital signs over

time. Percentage of all vital

signs and GCS measurements

available for clinical decision

making during initial evaluation

of trauma patients increased

after the training of lay people

to collect vital signs



initial GCS documented increased from 40.3% pre-inter-

vention to 88.6% post-intervention (p\ 0.01) and

remained at 88.5% 1 year post-intervention (p = 0.91) and

improved further to 91% 2 years post-intervention

(p\ 0.01).

In generating a negative binomial model for time-series

analysis, the only factors that significantly affected whe-

ther a patient did not have vital signs recorded were time

period of patient presentation, death in the emergency

department (disposition) and the interaction between the

above two factors (p\ 0.0001 for all VS and GCS,

Table 2; Fig. 2). In time-series analysis, using the model

to calculate relative risk of having VS taken post-inter-

vention in comparison with patients prior to the inter-

vention who survived in the emergency department, rates

of vital signs being taken increased significantly for all

patient dispositions in the year immediately following the

intervention. However, rates 1 year and 2 years post-in-

tervention decreased slightly while still remaining sig-

nificantly higher than pre-intervention rates. Rates

remained higher for all post-intervention years relative to

the pre-intervention period for both patient dispositions

when compared to a patient with the same disposition

prior to the intervention. The intra-year incident rate ratio

between patients who lived and those who died in the

emergency department shows a trend where patients who

eventually died in the emergency department have a much

lower average rate of initial vital signs being taken than

those who lived in the same year.

Discussion

Task shifting is a process of delegation whereby tasks are

moved, where appropriate, to less specialized health

workers. By reorganizing the workforce in this way, task

shifting can make more efficient use of the human

resources currently available [24]. Many countries, espe-

cially in sub-Saharan Africa, have adopted task shifting as

an inevitable approach to alleviate human resource con-

straints. With fewer medical doctors at health institutions,

nurses must carry out their own tasks as well as those

normally performed by doctors. However, while doctors

have managed to shift certain tasks to nurses so as to

reduce their own workloads, nurses have shifted only a few

tasks to others [25].

Based on our study results, task shifting the acquisition

of VS from nurses and physicians to lay people with at

least a secondary school education is a feasible, effective

and sustainable intervention in a resource-limited setting.

Availability of all VS and GCS for clinical decision mak-

ing in initial trauma patient evaluation increased after the

training intervention. Educating our trauma clerks on VS

obtainment and GCS determination led to an over 22-fold

increase in the number of patients with all VS, including

HR, BP and RR, documented on presentation and an

almost fourfold increase in the number of patients with at

least one of those VS documented. The largest improve-

ment was in the number of patients with a documented

respiratory rate. When controlled for patient disposition,

Table 2 Incident rate ratio of vital signs collected post-intervention compared to pre-intervention patients who survived beyond emergency

department evaluation

Incident rate ratio of vital signs collected post-intervention compared to pre-intervention baseline

Vital sign taken 6-month time frame Pre-intervention

(2011)

Immediately post-

intervention (2012)

1 year post-

intervention (2013)

2 years post-

intervention (2014)

Outcome Lived Died Lived Died Lived Died Lived Died

HR Lived 1.0000 0.9497 11.5811 1.3370 4.7721 1.0091 5.0571 0.9696

Died 1.0530 1.0000 12.1946 1.4078 5.0249 1.0626 5.3250 1.0209

RR Lived 1.0000 1.1356 13.7545 1.6573 5.6613 1.2533 6.3611 1.1920

Died 0.8806 1.0000 12.1123 1.4594 4.9853 1.1036 5.6016 1.0497

BP Lived 1.0000 1.0131 11.3997 1.3173 4.6812 0.9939 4.9857 0.9450

Died 0.9870 1.0000 11.2521 1.3002 4.6206 0.9810 4.9212 0.9327

All Vitals Lived 1.0000 1.0677 13.5162 1.6698 5.6927 1.2635 6.3020 1.2018

Died 0.9366 1.0000 12.6595 1.5639 5.3319 1.1834 5.9025 1.1257

GCS Lived 1.0000 0.9095 5.6875 1.0753 5.9310 1.2216 6.4078 2.5198

Died 1.0995 1.0000 6.2534 1.1822 6.5211 1.3431 7.0453 2.7705

Rate ratios were calculated from the negative binomial model generated in time-series analysis, and outcomes are denoted as column repre-

senting outcome in time frame being compared to baseline over row representing pre-intervention baseline outcome. Of note, there is a dramatic 
increase in availability of all VS and GCS immediately post-intervention with a slight but significant decrease in availability 1 year and 2 years

post-intervention compared to immediately post-intervention (p \ 0.0001). However, VS and GCS availability remains significantly increased 
compared to baseline at these time frames



Fig. 2 Time-series analysis graphs of the effect of the intervention

on vital signs availability during each time frame separating patients

by emergency department disposition. Each graph is a representation

of the percentage of patients with the specified vital sign taken on

presentation to the ED by time frame day. Xs represents vital sign

availability rates for patients who died during emergency department

evaluation, and the dots represent rates for patients who survived

beyond emergency department evaluation. The solid lines represent

the average rate of VS/GCS availability for the specified time frame

for patients who lived, and the dotted line represents the average rate

for patients who died. The shaded area for each line represents the

95% confidence interval with intervals that do not overlap between

time frames being statistically significant



for providing health care in a cost-conscious manner. The

success of this intervention has several implications for

improvement of trauma care in resource-limited settings

with minimal costs. First, the care burden on nurses and

physicians in the emergency department is eased. Second,

physicians are provided with valuable clinical data to

inform their management plan that may not have otherwise

been available. Third, patients may be triaged differently

based on this new information resulting in fast tracking of

patients with more serious injuries that may have otherwise

been missed. Lastly, availability of VS information in

trauma registries can improve the quality of retrospective

registry reviews aimed at improving patient care.

Unfortunately, still several barriers exist that in the

implementation of task shifting. Such barriers include:

professional protectionism, where existing healthcare pro-

viders feel that their many years of training mean that not

just anyone can do their work and consequently worry that

their profession is being invaded by laypersons. Also, while

the regulatory environment in some countries is permissive

of task shifting, the cadre of laypersons may not have the

necessary legal protection for additional tasks in the event

of poor outcomes.

Limitations of this study include the inability to quan-

titatively describe the correlation between physician

obtained vital signs and those measured by the data clerks.

However, during the training, all of the clerks were qual-

itatively cleared by their trainers. Additionally, although

we are able to measure the frequency of vital signs mea-

surement at one and two years post-intervention, we did not

measure the quality of the data recording because trainers

were not available. Finally, this study was conducted as a

quasi-experimental study so it is not possible to compare

the acquisition of vital signs to a control group that did not

have the intervention. As such, there could be other factors

contributing to the improvement in VS acquisition over

time that were not controlled for and we are unable to

Fig. 2 continued

the rate of vital sign availability remained significantly 
higher, increasing over tenfold for all VS immediately 
post-intervention and over fivefold for GCS.

This increase in availability of VS was maintained with 
only a slight decrease in percentage of VS documented at 
1 year and 2 years post-intervention once the US-trained 
medical student and general surgery resident that trained 
the clerks were no longer in country. There was no turnover 
in trauma clerks during the study period so this slight 
decline may be secondary to a decrease in supervision of 
the trauma clerks or due to patient presentation patterns. 
For example, if multiple patients present simultaneously, it 
is less likely that all patients will have documented VS 
compared to when the same number of patients present 
sequentially. Nevertheless, the percentage of patients with 
documented VS remained significantly higher in the post-

intervention period.

The trained trauma clerks were also able to determine 
and calculate the GCS resulting in over twice the number 
of patients having a documented GCS after the intervention 
compared to before the intervention. In fact, the percentage 
of patients with a documented GCS continued to increase 
significantly even after the US-trained medical student and 
general surgery resident that trained the clerks had left the 
country.

Patients who died during emergency department evalu-

ation were less likely to have their vital signs taken, a trend 
that continued post-intervention. Reasons for this differ-

ence are likely multifactorial and, due to limitations of our 
study design, we are unable to speculate as to why this 
difference occurred. Future interventions should focus on 
increasing VS availability for these patients.

Task shifting must be implemented within systems that 
contain adequate oversight to protect both health workers 
and the patients. In developed countries, like the USA, task 
shifting the acquisition of vital signs to non-nurses is 
commonplace in surgical settings and serves as a strategy



evaluate the effect of this improvement on patient outcome.

However, the time-series analysis methods allow us to

control for potential known confounding factors and to

compare patients with similar characteristics clinical.

Conclusion

Task shifting has been embraced and accepted as a way to

provide health care at reduced cost in high-income coun-

tries with abundant personnel and resources. The burden of

surgical diseases in resource-poor countries is high and will

remain insurmountable in the absence of task shifting as it

offers high-quality, cost-effective care to more patients

than a physician and nurse-centered model. Further studies

are needed to determine the overall impact of this inter-

vention on patient care and outcomes.
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