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Introduction

The first six hours of care for severe sepsis are cri-
tical, during which each hour of delay in antibiotic tre-
atment translates to 7.6% increase risk of a death [1]. 
For this reason, time-to-antibiotics treatment in the 
emergency department has been used as a key quali-
ty indicator in the US as well as in other high-income 
countries [2-4].

Sepsis, septic shock, and the end organ damage that 
is ultimately precipitated by severe sepsis are a substan-
tial cause of premature mortality in low- and middle-in-
comes countries (LMICs) and have been shown to result 
in as many as one-third of deaths in children under five 
[5-7]. In low-resource settings, administration of anti-
biotics is often delayed for reasons related to inefficient 
delivery mechanisms and constrained resources [8,9]. 
A clinical audit of the Surviving Sepsis Campaign guide-
lines in India found that antibiotics were administered 
within 3 hours of ED admission in only 46.6% of cases 
and another study found that this was only accompli-
shed in 62.3% of cases [10,11].

In LMICs, the clinical value of proven interventions 
is often limited by quality factors and the non-biologic 
determinants of health [12]. Quality improvement (QI) 
methods have demonstrated significant potential to im-
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Abstract
Objectives: Extensive evidence from high-income coun-
tries has demonstrated the value of quality improvement 
(QI) methods yet reports of their use in LMICs are markedly 
limited. We aim to explore how QI can be implemented in 
the setting of an LMIC to remove barriers to timely antibiotic 
therapy for severe sepsis.

Methods: Using a mixed-methods assessment, we ex-
plored key barriers to the timely antibiotic administration for 
sepsis in an urban, tertiary care facility in India. This was 
designed as a resource-sparing exploratory investigation. 
We sent questionnaires to five randomly selected nurses 
and five randomly selected physicians working in the emer-
gency department and tracked time point data for patients 
with presumed sepsis over a one-month period.

Results: Time to antibiotics ranged in this investigation 
from 20 to 540 minutes (Mean: 227 minutes). A process 
map was drawn from these findings. Three key barriers to 
timely antibiotic administration were readily detected by our 
investigation: Delay from the admitting team antibiotic se-
lection process, delay in family purchasing prescribed an-
tibiotics from outside locations, and delay in the physical 
administration of antibiotics.

Conclusions: This investigation demonstrated the impor-
tance and practicality of instituting and institutionalizing 
QI methods in the care delivery process in resource-con-
strained settings. In this relatively small and low-resource 
assessment, key obstacles were readily detected, and fur-
thermore without disrupting patient care. While augmented 
resource support and health systems strengthening are es-
sential to improve sustainable emergency care delivery in 
LMICs, QI methods present a vital pathway to improve care 
with relatively small resource investment.
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Qualitative information was collected using a que-
stionnaire, which was sent to key informants working 
in the hospital ED. A convenience sample of ten key in-
formants were randomly selected, five of whom were 
emergency physicians at various levels of training, and 
the other five being ED nurses. Among physicians, two 
were female and three were male, ranging in age from 
26 to 43 years. Two were residents (one first year resi-
dent and another 2nd year resident) and three were EM 
consultants with 5 to 8 years of experience as a con-
sultant. Regarding the nurse respondents, all were fe-
male with ages ranging from 24 to 47 years. Experience 
among the nurses varied from 3 to 18 years.

The questionnaire included eight questions, both di-
rect and open-ended (see Figure 1). The first seven que-
stions were directed at exploring the specific processes 
involved in antibiotic administration in the ED while the 
final question asked each informant to identify three 
principal causes of delay in administering antibiotics. 
These questionnaires were completed by the key infor-
mants and then emailed to the authors. Four ED nurses 
dictated their answers to one of the authors (SC), who 
transcribed their responses.

These responses were collected, reviewed and analy-
zed by the authors. The authors integrated the informants’ 
responses to the first seven questions to construct a pro-
cess map of antibiotic delivery, from the time of presenta-
tion to clinical suspicion for sepsis to antibiotic administra-
tion. We then reviewed the results and process map with 
the respondents for validation and feedback after its initial 
construction via email and then again in person. The re-
sponses to the final question regarding primary causes of 
delay were combined in a matrix, giving equal weight to all 
the responses, in order to identify the most critical barriers 
to timely antibiotic administration.

The care team working in the ED also recorded time 
data related to antibiotic administration for sepsis 
between September and October 2014 in a de-identi-
fied clinical log. The care team recorded timestamps for 
patient arrival, physician assessment, admitting consul-

prove the impact of these measures. However, eviden-
ce from the literature of their use in LMICs is markedly 
limited [13-15]. For this reason, we conducted a prag-
matic quality improvement study of barriers to timely 
antibiotic administration in a tertiary care multi-special-
ty university teaching hospital in Chennai, India.

This hospital is a well-established center with 692 in-
patient beds and 171 intensive care beds and has been 
accredited by Joint Commission International (JCI) and 
National Accreditation Board for Hospitals & Healthca-
re Providers (NABH). In this hospital, about 30% of the 
patients have insurance, and 70% are charged a fee for 
service. Patient profile characteristics indicate that 20% 
are from high-income families, 55% are from middle-in-
come families, and 25% are low-income families. Out of 
these low-income families, 60% have insurance from the 
local state government for certain diseases. The emer-
gency department is a Level I trauma center, pediatric 
trauma center, spinal cord injury center, stroke center 
and advanced cardiac care center. The ED has 40,000 
annual patients’ visits. There are 30 beds in the ED, with 
four consultants, six emergency residents, six medical 
officers, forty ER nurses, twenty EMTs, four administra-
tors, and about ten ancillary staff working in the ED.

In this article, we present the results of our explo-
ratory study, where we performed a pragmatically 
designed quality improvement assessment of the key 
factors impeding the timely administration of antibio-
tic treatment for sepsis. We describe the conclusions 
drawn from the evaluation and, in the process, demon-
strate the value added even by a small-scale application 
of QI in an LMIC.

Methods

We designed a mixed-methods assessment to evaluate 
barriers to the timely antibiotic administration for sepsis in 
a tertiary care teaching hospital located in an urban center 
in India. Between September and October 2014, both qua-
litative and quantitative data were collected concurrently 
regarding the timeliness of antibiotic administration in the 
hospital. These results were used to determine root causes 
of delayed antibiotic administration.

         

Figure 1: Antibiotic administration questionnaire for nurses and physicians.
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sessment, to support and quantify these results. Lastly, 
these findings were further triangulated by the authors’ 
clinical experience in Indian EDs (SC) as well as EDs in 
other LMICs and the US (SC, LC, FG) [16].

As a project aimed at exploring the quality of routine 
care delivery, the Johns Hopkins Bloomberg School of 
Public Health Institutional Review Board office determi-
ned that this was not human subjects research and was 
therefore exempt from IRB review.

tant assessment, antibiotic administration, and disposi-
tion from the ED. This data was collected for presen-
tations of sepsis diagnosed with systemic inflammatory 
response syndrome (SIRS) criteria and/or clinical suspi-
cion with a presumed bacterial infection source (e.g. 
pneumonia, urinary tract infection, etc.). Time intervals 
from this log were tabulated and evaluated with de-
scriptive statistics in Microsoft Excel (2010). These were 
then compared with the findings of the qualitative as-

         

Figure 2: Process map of antibiotic administration with average time intervals.
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ble as well. Finally, after the attenders return with the 
antibiotics, the nurse will administer a small test dose of 
the antibiotic. After waiting approximately 30 minutes 
to ensure that there is no allergic response, the nurse 
will then administer the full dose. The process map con-
structed from these data is outlined in Figure 2.

During the brief one-month assessment period, the 
ED care team recorded time data from eight presenta-
tions for presumed sepsis (n = 8). According to the time 
stamp data, there was an average of 227 minutes from 
the time of patient arrival to the administration of an-
tibiotics (Range 20 to 540 minutes). The longest time 
intervals were between the ED physician examination 
and the admitting service consultant seeing the patient, 
100 minutes (Range: 50 to 190 minutes), prescription of 
the antibiotics and administration of the test dose, 97 
minutes (Range: 10 to 200 minutes), and administration 
of the test dose and the final administration of the full 
dose, 30 minutes (Range: 0 to 30 minutes) (see Table 1 
and Figure 2).

In the final question of the questionnaire, the re-
spondents identified nine different obstacles to antibio-
tic administration (see Table 2 and Figure 3). All but one 
respondent listed waiting for the patient to be seen by 
the admitting service consultant to administer antibio-

Results

We received responses from all ten questionnaires 
distributed (n = 10). Based on our integration of the 
results of these questionnaires, we determined the ED 
process of patient presentation to antibiotic administra-
tion. An emergency physician first evaluates patients at 
the time of presentation. If there are signs and symp-
toms concerning for infection and sepsis, such as fever, 
hypotension, tachycardia, tachypnea, and/or altered 
mental status, the emergency physician will then con-
tact the consultant or duty assistant physician from the 
admitting service. The admitting service consultant will 
then come to the ED to examine the patient and discuss 
potential antibiotic treatments with the ED team and 
the patient and attenders (i.e. patient’s family, friends, 
spouse, etc.). Medications prescribed by hospital care 
teams will next be purchased by the family at the ho-
spital pharmacy, which is adjacent to the ED, and then 
brought back to the care team to administer to the pa-
tient, as is common practice in many LMICs. According 
to two respondents, the physical process of going to 
the pharmacy, waiting in line, and purchasing the me-
dication can take up to 30 minutes. The attenders and 
patient will typically spend some time deliberating over 
whether purchasing the medication is financially feasi-

         

Figure 3: Total responses for each physician- and nurse-identified sources of delay in antibiotic administration.

Table 1: Length of time intervals between presentation and antibiotic administration.

Time interval Mean (minutes) Minimum (minutes) Maximum (minutes)
Arrival to ED physician exam < 5  0 5
ED exam to admitting service consultation 100 50 190
Total time to antibiotics 227 20 540
Total time to ED disposition 272 145 375
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lecting and prescribing the first dose of antibiotics or 
developing guidelines for broad spectrum antibiotics 
for presumed severe and life-threatening conditions. 
These concepts could be further explored in assessmen-
ts of how clinicians communicate, and how training, 
clinical guidelines and supervisor direction may impact 
this element. Our review also identified discrepancies 
among physicians responding to the questionnaire as to 
whether one must wait for lab results before deciding 
to administer antibiotics. The team, therefore, recom-
mended the development and use of guidelines and job 
aids for the approach to sepsis in the ED. Lastly, the QI 
team recommended a more extensive, long-term audi-
ting process to document and follow time to antibiotics 
while implementing these changes in order to assess 
improvement and promote continuous quality impro-
vement.

Although the results of this case study are not gene-
ralizable beyond this context, the conclusions may very 
well mirror those seen in other LMICs. For example, the 
common practice of patient attenders purchasing me-
dications outside of the ED presents a major obstacle 
to timely antibiotic administration and for emergency 
care in general [17-19]. While this practice has been 
built into the care delivery practice in many resour-
ce-constrained settings, patient outcomes could poten-
tially be improved by streamlining medication delivery 
for time-sensitive disease entities such as sepsis, acute 
coronary syndrome, and acute asthma exacerbation. 
Similarly, we found that better integration of emergen-
cy systems within overall hospital processes stands to 
streamline and expedite care. As a relatively young spe-
cialty, particularly in India and other LMICs, emergency 
care has yet to be fully developed and leveraged within 
healthcare delivery systems [20]. Delivering timely tre-
atment to patients with a time-sensitive disease such as 
a septic shock is the core objective of emergency care 
and, as such, quality and process improvement will be 
essential to capitalizing on the field’s potential for value 
creation in the future [21].

Most importantly, this exploratory study demonstra-
ted the importance and practicality of instituting and in-
stitutionalizing QI methods in the care delivery process 
in resource-limited settings. In this relatively small and 
low-resource assessment, key obstacles were readily 
detected, and furthermore without disrupting patient 
care. Quality improvement has been applied to a wide 
array of disciplines since its conception in the manu-
facturing industry in the early 1920’s [22]. In healthcare, 
QI has made substantial cost-saving impacts on outputs 
and outcomes related to infection control, hospital ope-
rations, and reducing surgical complications [23-25]. 
While the barriers and process failures related to servi-
ce delivery in LMICs often mirror those in high-income 
settings, these obstacles are compounded by critical re-
source constraints in LMICs [3,26,27]. QI has significant 
potential for strengthening service delivery and health 

tics as a significant source of delay in antibiotic admini-
stration. Four out of five nurses also cited the shortage 
of nursing staff in the ED as an impediment to timely 
administration, but only one physician mentioned this. 
A majority of the respondents identified patient- and at-
tender-related factors as key barriers, in particular, the 
length of time taken for the attenders to decide to pur-
chase the prescribed antibiotics and the physical pro-
cess of purchasing and returning the medication.

Discussion

Our mixed-methods quality improvement asses-
sment revealed three key barriers to timely administra-
tion of antibiotics for sepsis: Delay to examination by 
the admitting team, delay in attenders purchasing and 
returning with prescribed antibiotics, and delay in the 
physical administration, including waiting for test dose 
results - in essence, a three delay model requiring spe-
cific interventions with each team member and admini-
stration. The delay in attenders purchasing the antibioti-
cs was highlighted by a majority of the respondents. The 
delay was further divided into two categories - delay in 
the decision to purchase the antibiotics after conside-
ring financial constraints and the delay in the physical 
purchasing. While this was perceived as a major area of 
concern for both physicians and nurses, two of the nur-
ses reported that the purchasing process took less than 
thirty minutes on average. Although this could poten-
tially be explored in future evaluations, our quantitative 
assessment did not specifically address this, and it is un-
clear how the 97 minutes between prescription of the 
antibiotics and the administration of the test dose was 
divided. However, the most significant delay was due to 
waiting for the admitting team to examine the patient, 
causing a mean of 100 minutes delay and as much as 
190 minutes in one case.

The QI team related these findings back to the ED 
nurses, physicians and administration. The QI team re-
commended that the test dose administration process 
be re-evaluated, particularly for extreme, life-threate-
ning conditions such as severe sepsis. Our findings also 
suggested that the processes around joint prescription 
of antibiotics by the admitting service and ED team 
should be reevaluated as well, with ED providers se-

Table 2: Physician and nurse-identified sources of delay in 
antibiotic administration.

Cause of delay Physician

(n = 10)

Nurse 

(n = 5)

Total

(n = 10)
Admitting service consult 4 5 9
Nursing shortage 1 4 5
Decision to purchase 2 2 4
Purchasing process  - 3 3
Wait on lab results 2 1 3
Antibiotic choice 2  - 2
Late presentation 2  - 2
Test dose administration  - 1 1
Physical administration  - 1 1
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sepsis or septic shock. Acad Emerg Med 21: 1499-1502.

5.	 Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, et 
al. (2013) Disability-adjusted life years (DALYs) for 291 di-
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Lancet 380: 2197-2223.
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7.	 Couto TB, Farhat SCL, Reid T, Schvartsman C (2013) Mor-
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liberia in 2009. Einstein (Sao Paulo) 11: 413-420.
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sepsis campaign international guidelines among physicians 
in a general intensive care unit in Nairobi. East Afr Med J 
87: 350-353.

9.	 Isa SE, Iroezindu MO, Awang SK, Simji GS, Onyedibe KI, 
et al. (2013) An audit of diagnosis and treatment of sepsis 
in north-central Nigeria. Niger J Med 22: 319-325.

10.	Valiveru R, Maroju N, Srinivasan K, Cherian A (2014) Clini-
cal audit system in implementing surviving sepsis campaign 
guidelines in patients with peritonitis. Critical Care 18: 30.

11.	Divatia J (2012) Management of sepsis in Indian ICUs: In-
dian data from the MOSAICS study. Critical Care 16: 90.

12.	Kim JY, Farmer P, Porter ME (2013) Redefining global he-
alth-care delivery. The Lancet 382: 1060-1069.

13.	Bhutta ZA, Das JK, Bahl R, Lawn JE, Salam RA, et al. 
(2014) Can available interventions end preventable dea-
ths in mothers, newborn babies, and stillbirths, and at what 
cost? The Lancet 384: 347-370.
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am infections in the intensive care unit. Crit Care Med 32: 
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15.	Yokota PK, Marra AR, Martino MD, Victor ES, Durão MS, 
et al. (2014) Impact of appropriate antimicrobial therapy for 
patients with severe sepsis and septic Shock-A quality im-
provement study. PLoS One 9: e104475.

16.	Creswell JW (2013) Research design: Qualitative, quanti-
tative, and mixed methods approaches. Sage publications.

17.	Bhojani U, Thriveni B, Devadasan R, Munegowda C, Deva-
dasan N, et al. (2012) Out-of-pocket healthcare payments 
on chronic conditions impoverish urban poor in Bangalore, 
India. BMC Public Health 12: 990.
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utilisation study in a tertiary care center: Recommendations 
for improving hospital drug dispensing policies. Indian J 
Pharm Sci 76: 308-314.
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20.	Anderson PD, Suter RE, Mulligan T, Bodiwala G, Razzak 
JA, et al. (2012) World health assembly resolution 60.22 
and its importance as a health care policy tool for impro-
ving emergency care access and availability globally. Ann 
Emerg Med 60: 35-44.

systems in LMICs and, as such, stands to be expanded 
upon in both large scale and modest studies such as this 
[28,29].

As a pragmatically designed QI investigation, this 
exploratory study included only ten key informants and 
followed only eight severe sepsis cases during the stu-
dy period. Formal assessments of care procedures for 
sepsis would require a larger number of patients and 
respondents as well as a collecting data over a longer 
period of time to account for variability in case load and 
seasonal variation. While multiple perspectives were in-
cluded in this evaluation, additional perspectives, such 
as that of pharmacists, patients, and admitting services, 
could also be included in future studies. While this prag-
matic study design represents a significant limitation in 
regard to the statistical power of our findings, this did 
not preclude the development of robust conclusions 
regarding key barriers to timely antibiotic care. This po-
tential limitation, rather, suggests the critical value of 
these applying such methods in resource-limited set-
tings, as they have the potential to serve as a resour-
ce-sparing avenue to significantly increase the quality 
and effectiveness of proven interventions.

Conclusion

Sepsis is well-characterized disease entity, and the 
impact of early antibiotics has been repeatedly proven 
in high-income settings as well as in LMICS [30]. While 
augmented resource support and health systems stren-
gthening are essential to improve sustainable emergen-
cy care delivery in low- and middle-income countries, QI 
methods represent a vital pathway to improve care with 
relatively small resource investment. The continued 
promotion of quality improvement in LMICs is critical to 
the development of robust health systems and emer-
gency care systems in particular worldwide.
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