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ABSTRACT

Administration of first dose of antibiotics within the golden
hour in infants with sepsis is critical. Delays can increase
mortality. During our observations as part of antibiotic
stewardship programme in inborn neonatal unit, we found
a significant delay in the administration of first dose of
antibiotics from the decision time. We set up a quality
improvement team to improve the proportion of neonates
with sepsis, who received first dose of antibiotics within

1 hour of decision, from 0% to 80% over 2 months.

We included inborn neonates requiring initiation or
upgradation of antibiotics for a diagnosis of sepsis, from

1 May to 30 November 2018. We assessed the root
causes behind delayed administration and found the lack
of immediate availability of blood culture bottles, lack of
awareness and busy clinical area as the major contributors
to the delays in first dose. Various change ideas like
ensuring prior availability of blood culture bottles,
sensitising nursing staff and resident doctors, utilisation of
hospital attendants and sharing responsibility of drawing
culture between team members were tested through plan—
do—study—act (PDSA) cycles.

The proportion of neonates receiving first dose of
antibiotics within 1 hour increased from 0% to 91%

over the study period and was sustained at 92% after

6 months. There was a significant reduction in median
(IQR) time interval between decision and first dose from
120 (100-290) to 45 (30-60) min (p<0.001) and after

6 months, it further decreased to 30 (30—45) min. We
achieved significant improvement in administration of
first dose of antibiotics within 1 hour of decision, by using
system analysis and testing change ideas in sequential
PDSA cycles.

PROBLEM

Neonatal deaths form an increasing propor-
tion of under five deaths, from 40% in 1990 to
47% in 2018." Global distribution of neonatal
deaths in 2018 estimated sepsis to be respon-
sible for 15% of mortality.' In India, sepsis
accounts for 20% of all neonatal deaths.”
A systematic review of global, regional and
national causes of child mortality in devel-
oping countries identified infection as one
of the major causes of neonatal deaths.” Case
fatality of culture positive neonatal sepsis was
nearly 50% in the Delhi Neonatal Infection
Study.* A combined analysis of three hospital
datasets from India estimated that 20%—-40%

of preterm neonatal deaths were attributed to
sepsis.” Neonatal sepsis also carries a signifi-
cant risk for adverse neurodevelopmental
outcomes, low mental and psychomotor
development indices.”

Ours is a government tertiary care neonatal
unit comprising 22 level III beds and 18 level
II beds. In addition, we have 30-35 neonates
sharing cots in a make-shift nursery, waiting
for a neonatal intensive care unit (NICU)
bed. Our hospital receives high-risk refer-
rals from seven North Indian states, often
in late stages and with complications. The
increasing number of referrals, without
proportionate increase in level III NICU beds
has led to this scenario. The revised hour-1
bundle of the ‘Surviving Sepsis Campaign’
emphasised appropriate immediate manage-
ment in the initial hours which is directly
associated with improved outcomes.” A near-
miss incident in our unit made us wonder if
we were compliant to this guideline. A 4-day-
old neonate was found in a gasping state in
our make-shift nursery, but luckily survived.
A review of records revealed that this neonate
was noticed to have new onset respiratory
distress 4hours back and antibiotics were
prescribed. However, the dose had not been
administered as the nurse and the resident
doctor became busy with resuscitation calls
and other tasks. An audit of 20 cases revealed
that none of the babies got the first dose of
antibiotic within 1 hour of the decision.

We planned this initiative to improve the
proportion of neonates with sepsis, who
received first dose of antibiotics within 1 hour
of decision, from a baseline of 0% to 80%
over 2 months.

BACKGROUND

The Surviving Sepsis Campaign recommen-
dations highlight the importance of timely
administration of antibiotics within first
hour to decrease mortality.7 ® Guidelines for
children including neonates also reflect the
need for timely antibiotics.” '” A prospective
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observational study on septic neonates in the USA found
that delayed time to antibiotic administration was an
independent risk factor for death and prolonged cardi-
ovascular dysfunction.'" With each hour of delay, there is
8%-9% increase in mortality." ' A significant correlation
has also been demonstrated between timing of antimicro-
bials and time to clearance of bacteria."*

Since the implementation of first hour sepsis bundle,
mortality and morbidity in both adult and paediatric
populations with sepsis has decreased.” ' Quality
improvement initiatives leading to significant reduc-
tions in time from decision to antibiotic initiation, and
mortality have been described from developed coun-
tries.” "% Schmatz et al”’ found insufficient vascular
access, delayed diagnostic laboratory evaluation, lack of
urgency and no stat order by physicians as main reasons
for delays in antibiotic administration. They showed
significant improvement in antibiotic administration
time from a median 151 (91-206) to 87 (61-121) min,
through targeted nursing education, improved util-
isation of an electronic sepsis order set and focused
communication among medical teams. Weiner et al*'
targeted antibiotic availability and vascular access, and
showed that ensuring stock of antibiotics in intensive
care unit and intramuscular administration of antibi-
otic in absence of vascular access significantly short-
ened the time interval between decision and first dose
with an impact on mortality and hospital stay. Duber
et al'” demonstrated that an updated protocol high-
lighting appropriate regimen within the golden hour
and a checklist for inventory management of antibiotics
in the unit ensured timely and appropriate antibiotic
administration. Blissinger found poor communication
and organisational workflow as major obstacles for the
delay and showed significant reduction of antibiotic
delivery time in suspected neonatal sepsis from a median
of 137.5 min to 75 min after introduction of Comput-
erised Physician Order Entry (CPOE)." In contrast,
Alison did not find CPOE to improve antibiotic admin-
istration times in newborns in a pre—post intervention
comparative study.”” Natarajan et al reported a mean
time 1hour 51 min from the physician order to drug
administration, with only 25% being within <1 hour and
66% within <2hours, and found delay in physician’s
order verification by pharmacist to be the main cause.'*

The international guidelines for paediatric and adult
sepsis recommend that blood cultures should be drawn
before antibiotic initiation and antibiotics should be
administered within 1 hour of diagnosis.”®** It has been
seen that the ‘process of care’ starting from decision
to administration of antibiotic depends on logistics, the
local system and knowledge, attitudes and practices of
healthcare workers.** In our unit, we found a huge gap
between what we believed would be happening and what
was actually happening at ground level. We followed
the model for improvement propagated by Institute for
Healthcare Improvement and used system analysis to
understand the contextual factors causing this gap.”

MEASUREMENTS

We included inborn neonates with a diagnosis of sepsis, in
whom antibiotic was either being initiated or upgraded.
The primary outcome measure was proportion of
neonates receiving first dose of antibiotic within 1 hour of
decision. Secondary outcome measure was median time
interval between decision and administration of first dose
of antibiotic.

We collected baseline data from 20 consecutive
neonates between 1 May and 15 May 2018 for whom deci-
sion to initiate antibiotics was taken. Following informa-
tion was collected by interviewing concerned personnel,
reviewing the round book, antibiotic prescription and
nursing charts: (1) date and time of decision of antibiotic
initiation or upgradation, (2) date and time of first dose
administration. We found that none of the 20 infants
received first dose of antibiotic within 1 hour of decision.
The median (IQR) time interval was 120 (100-290) min.

During plan—do-study—act (PDSA) cycles, different
process measures were used according to the interven-
tions. (1) Fortnightly blood culture bottle stock, (2)
proportion of blood culture bottles replaced by hospital
attendants, (3) number of blood cultures drawn by
nursing staff, (4) number of blood cultures drawn by
back-up resident doctors. The resident doctors, hospital
attendants and nurses were assigned the tasks of collecting
the respective data.

Run-charts were used to display and interpret the
serial measurements of outcome and process indicators
and to study the impact of changes by using run chart
rules. Normally distributed variables were compared by
unpaired ‘t’-test after evaluating equality of variance by
Levene’s test (F test). Skewed variables like time from
decision to first dose were compared by Mann-Whitney U
test. Proportions were compared by y test. We followed
the SQUIRE 2.0 guidelines for reporting.*®

DESIGN

We executed the following steps to achieve the aim of
improving the proportion of neonates with sepsis, who
received first dose of antibiotics within 1hour of deci-
sion, from a baseline of 0% to 80%: (a) forming a quality
improvement team of nursing officers, resident doctors,
faculty of paediatrics and microbiology, and hospital
attendants, (b) measuring baseline rates of practice to
administer first dose antibiotic within 1hour of deci-
sion, (c) finding possible reasons for delayed initiation
by process flow charting (figure 1), fish-bone analysis
(figure 2) and selecting the most important ones with
help of Pareto chart (figure 3), (d) conducting PDSA
cycles to test change ideas generated by the team and (e)
continuing post-intervention audits.

The following facts were realised regarding the existing
system: (1) there was no well-defined system of main-
taining stock of blood culture bottles—majority of time
attendants were asked to procure the bottle from the
lab, accounting for delay in drawing blood culture and
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Figure 1

contributing to major delay in antibiotic administration,
(2) lack of complete understanding among nurses and
residents about the importance of administering the
dose within 1hour of decision, (3) resident doctors were
usually busy in resuscitation and respiratory stabilisa-
tion in a high-load high-turnover set-up, (4) inadequate
communication between nurses and residents regarding
treatment decision and whether blood culture had been

Chart antibiotic
before/after
drawing culture

always regarding
culture taken or not

Process flow chart from decision to administration of first dose of antibiotic.

drawn or not, (5) technical difficulties to draw blood
culture in small neonates. Presence of intravenous access
did not come up as an issue, probably because of 24-hour
coverage by senior residents and experienced nursing
staff. There was ample and regular supply of antibiotics
and this also did not emerge as a problem.

Since delays in drawing blood culture and pre-
occupation of healthcare workers with acute care emerged
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Figure 2 Fish-bone analysis for the problem of delay
in administration of first dose of antibiotic. HA, Hospital
attendant.

as the major bottlenecks, the quality improvement team
involved microbiologists, resident doctors, nurses and
hospital attendants. The interventions described in
table 1 were targeted at ensuring that a blood culture
bottle and a trained person are always available so that
the culture is drawn and the antibiotic dose given within
1 hour.

STRATEGY
We used multiple PDSA cycles to test and refine the inter-
ventions (table 1). The project team met at the end of
each cycle to review data and discuss next action steps.
There were two major targets of the changes tested in
the PDSA cycles: having prior availability of blood culture
bottles and ensuring timely draw of culture before anti-
biotic administration. For ensuring prior availability of

3

culture bottle, of the several things which were tried,
reorganising the work schedule of hospital attendants
and giving them this responsibility under the supervision
of nurses worked successfully. It was noted that in many
cases, resident doctors drew blood culture late because
of being busy in attending deliveries, resuscitation or
setting-up respiratory support. This was tackled by training
and empowering the nurses to take blood culture sample
and organising a system of back-up resident doctor from
another area if the nurses were also busy. The schedule of
hospital attendants and motivational posters encouraging
team spirit were displayed prominently. In PDSAI and in
subsequent cycles as well (figure 4), we also focused on
awareness regarding unit antibiotic policy and impor-
tance of antibiotic timing during nursing staff education
through power point presentation, sharing educational
material through whatsapp, email and posters. During
the first 3days of rotational monthly posting of resident
doctors in the unit, orientation sessions regarding impor-
tance of timely antibiotic administration, need for blood
culture draw before antibiotic administration, video
demonstration of procedure of drawing blood culture,
organising the culture bottle, its labelling and deposition
in laboratory and charting of antibiotics were conducted
by the members of the quality improvement team. An
objective evaluation of effectiveness of these sessions was
done periodically with a brief questionnaire.

Implementation and spread of intervention

From 1 August 2018, implementation of the following
measures was taken along with fortnightly audit for the
sustenance of the improvement: (1) stock maintenance of
blood culture bottle by hospital attendants under nursing
supervision, (2) empowering nursing staft to draw blood
culture before first dose of antibiotic if resident doctor was
busy, (3) ensuring back-up resident doctor during busy

Delay in first dose of antibiotic

100%

Contribution %

Nonavailability of Lack of knowledge
culture bottle

Busy area

Defect

Arrangement of
syringe, infusion communication

F 90%

- 80%

F70%

- 60%

- 50%

- 40%

F 30%

B Cumulative %

20%

10%

3

0%

Lack of Lack of skill

Figure 3 Pareto chart highlighting non-availability of culture bottle, lack of knowledge and busy area being major contributors

to delay in first dose of antibiotic.
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Table 1 Summary of PDSA cycles

PDSA When
cycle (dd/mm/yy) Plan Do Study Act
1 01/06/18-15/06/18 (1) Ensuring availability of (1) Meeting with (1) Antibiotics were ~ Team members
(n=17) blood culture bottles in microbiology for started or upgraded  were enthusiastic
patient care area. fortnightly indent of in 17 neonates, blood to sustain system
(2) Disseminating the bottles. Prior stocks culture drawn in all of maintenance of
importance of drawing of culture bottles were 17. blood culture stock
blood culture before created—20 bottles (2) Weekly audit in due to improving
antibiotic among all in high turnover area microbiology lab compliance. A
healthcare workers. labour room (LR) and  found discrepancy team meeting
10 for ICU area. It was in culture bottles was arranged to
decided that bottles against 17 cultures  plan alternative
will be replaced by the sent, replacement mechanisms to
lab every fortnight. bottles were not maintain blood
(2) Teaching sessions- obtained in 6 (3 culture bottle stock.
weekly orientation deaths, 1 palliative
sessions for day—night care and 2 wrong
shift resident doctors  data entries).
and nurses by power  (3) First dose of
point presentation. antibiotic was given
Regular whatsapp within 1 hour of
reminders and decision in 8 out
motivational posters.  of 17 babies (47 %)
(3) Track decision to during this period.
first dose time.
2 16/06/18-30/06/18 (1) Utilisation of parent (1) Call parent (1) Antibiotics were ~ Drop the idea of
(n=15) attendant for one to one  attendant and explain  started or upgraded sending culture

replacement of culture
bottle while submitting in
microbiology lab.

(2) Using pre-printed
identification stickers on
culture bottle and culture
form for avoiding data
errors.

the location of
microbiology lab to
submit the inoculated
culture bottle and bring
back replacement.

(2) Handover of culture
bottle stock between
nursing shifts.

(3) Ensuring availability
of pre-printed
identification stickers
at the time of making
patient file.

(4) Continuing
educational activities
and tracking of
decision to dosing time
as in PDSA1.

in 15 neonates, blood
culture drawn in all
15.

(2) Out of 15 bottles
consumed, only

five were replaced
leading to rapidly
diminishing stock.

It was found that
parent attendants
had difficulty in
understanding the
instructions and were
not waiting at the lab
till new bottle was
handed over to them.
(8) Compliance for
timely antibiotic
administration was
8/15 (53%).

Resident doctors
being busy in
resuscitations and
fixation of CPAP
circuits, resulted

in delayed draw of
cultures and delayed
first dose in busy
hours.

bottles through
parent attendants,
find alternative
ways to maintain
culture bottle stock.
Find alternatives of
drawing cultures
during busy hours.

Continued
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Table 1 Continued

PDSA When
cycle (dd/mm/yy) Plan Do Study Act
3 01/07/18-14/07/18 (1) Using hospital (1) Schedules of (1) Antibiotics were  Explore alternative
(n=14) attendants for sending hospital attendants started or upgraded plans for
culture bottles by for deposition and in 14 neonates, blood management
rescheduling their replacement of culture culture drawn in all  during busy hours.
activities. bottles including lab 14.
(2) Task-shifting during timings on weekdays  (2) Out of 14 bottles
busy hours to avoid and holidays were consumed 13 (95%)
delays in drawing displayed as posters in were replaced by
cultures. each patient care area. hospital attendants.
(8) Continue educational At beginning of every  (3) Compliance for
sessions and data shift, a nurse informed timely antibiotic was
tracking as before. the hospital attendants 64%. Three (21%)
regarding this activity. blood cultures were
(2) Nurses were drawn by nurses.
empowered to draw It was noted that in
blood culture if delay ~ busy hours and at
was anticipated due to time of overcrowding,
resident doctor being  often both nurses
busy. and resident doctor
Proportions of blood remained occupied
cultures drawn in respiratory
by nurses were stabilisation,
recorded. Team work  resuscitation,
was encouraged by admission and
motivational posters.  transfer of neonates
to respective areas.
4 15/07/18-31/07/18 (1) Assign back-up (1) Assign back-up (1) Antibiotics were ~ Written policy
(n=23) resident doctor. resident doctor from started or upgraded and SOPs were

(2) Education, tracking
and other successful
measures of previous
PDSAs to continue.

another relatively quiet
area to draw cultures if
required.

(2) Proportion of
cultures drawn by
back-up resident and
nurses were recorded.
Appreciation and
encouragement of
team work was done
sharing the compliance
data in whatsapp
groups and monthly
unit party.

in 23 neonates, blood finalised for
culture drawn in all  timely antibiotic
23. administration.
(2) Out of 23 bottles  Periodic monitoring
consumed 23 (100%) plans (fortnightly
were replaced by audit) for
hospital attendants. compliance and
(8) Compliance for any unexpected
timely antibiotic was problems were
91%. Four (17%) made.

blood cultures were

drawn by nurses and

five (21%) by back-

up resident doctor.

CPAP, continuous positive airway pressure; ICU, intensive care unit; PDSA, plan-do-study-act; SOP, standard operating procedure.

hours, (4) ongoing education and sensitisation regarding
the importance of timely administration of antibiotics.

RESULTS
The rate of first dose antibiotic administration within
1 hour of decision, increased from 0% to 91% over the
study period (figure 4). There was a significant reduction
in median (IQR) time interval between decision and first
dose from 120 (100-290) to 45 (30-60) min (p<0.001)
(table 2).

Atend of PDSALI, although 100% of culture bottle stock
was maintained, and there was significant improvement

in the timely administration of first dose to 47%, microbi-
ology department could not sustain the bottle stock. After
the modifications in the process, in subsequent PDSA
cycles 2, 3 and 4, the process measures were as follows:
bottle stock maintenance—33%, 95% and 100%, respec-
tively, culture drawn by nurses—17%-21%, cultures
drawn by back-up residents -21%.

Initially there was resistance from nurses to take part in
drawing the cultures, but they became enthusiastic soon
after orientation sessions and understanding the impor-
tance of drawing culture before start of antibiotic and
giving the first dose within 1hour. Hospital attendants
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Figure 4 Summary of all PDSAs along with sustenance phase—the small red oval indicates an astronomical point due to
special cause variation, while the dashed red oval indicates five or more sequential data points all going up. PDSA, plan—-do—

study-act.

also initially resisted as culture bottle deposition and
replacement appeared to be an extra burden in their
daily work schedule. Reorganisation of work schedule of
hospital attendants worked well for all.

During sustenance phase, it was found that the time
interval between decision and first dose administration
of antibiotic suddenly increased to median 125 (60-180)
min and compliance to administration of dose in first

Table 2 Results of PDSA cycles and subsequent fortnightly audits of time from decision for first dose of antibiotic and

drawing of blood culture before it

Median (IQR) time

from decision

Proportion (%) of
neonates receiving

first dose within

Proportion (%)
where blood
culture drawn
before first dose

PDSA Date (dd/mm/yy) N (min) 1 hour of decision administration
Baseline 01/05/18-31/05/18 20 120 (100, 290) 0 70
1 01/06/18-15/06/18 17 67 (50, 90) 47 73
2 16/06/18-30/06/18 15 60 (30, 80) 53 88
3 01/07/18-14/07/18 14 47.5 (35, 75) 64 100
4 15/07/18-31/07/18 23 45 (30, 60) 91 100
Fortnightly audit—sustenance phase
5 01/08/18-07/08/18 16 125 (60,180) 38 100
6 08/08/18-22/08/18 27 45 (30, 60) 81 97
7 23/08/18-05/09/18 17 45 (30, 45) 88 99
8 06/09/18-20/09/18 23 45 (30, 45) 91 100
9 21/09/18-04/10/18 32 45 (41, 60) 91 99
10 05/10/18-18/10/18 29 45 (30, 45) 95 100
11 19/10/18-01/11/18 26 42 (30, 45) 96 96
12 02/11/18-15/11/18 a1 41 (30, 45) 92 100
13 16/11/18-30/11/18 27 30 (30, 45) 92 100

PDSA, plan-do-study-act.
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hour dropped to 38% (table 2). On probing, a special
cause variation was found in antibiotic stock-out, as the
hospital rate contract had not been renewed and family
attendants had to procure antibiotics from market.
Hence on priority, stock of antibiotics for next 2 weeks
was arranged immediately through donations. In addi-
tion, inventory management of antibiotics was reviewed
and a standard operating procedure was made for antic-
ipating and tackling such situations in future in collab-
oration with the hospital pharmacy. Subsequent audits
revealed better compliance and at end of 6 months, the
proportion of antibiotic doses administered within 1 hour
persisted above 90%. The median time interval from deci-
sion to first dose further decreased to 30 (30-45) min
(table 2).

To sustain the continued improvement, the project
team handed over the responsibility of regular audit,
supervision, orientation sessions and addressing any
issues in a timely manner to a designated faculty and
senior resident of the unit.

LESSONS AND LIMITATIONS

We stumbled across an unidentified and unanticipated
problem during the course of our efforts to improve anti-
biotic stewardship. Many times, deficiencies in certain
activities remain hidden, because they are not part of
routine audits. Once found, we devoted full attention and
energy, and tackled it systematically using the principles
of quality improvement. Of the basic methods of system
analysis, mapping of the process of antibiotic administra-
tion was the most revealing. It not only informed us where
the delays were but also revealed that the process of anti-
biotic administration was actually quite complex and
dependent on multiple stakeholders. Process mapping is
an excellent tool for problems related to time delays.

A key lesson learnt was that prioritisation of the root
causes to be targeted is of extreme importance during the
phase of problem analysis. As demonstrated in the Pareto
chart of our report, timely draw of blood culture before
starting the antibiotic was the major bottleneck contrib-
uting to delayed antibiotic administration. We overlooked
the importance of antibiotic stock, as there was an ample
supply and stock of antibiotics during baseline data collec-
tion phase. We learnt that parts of the system which may
be functioning very well currently can also breakdown at
a future time. Therefore, a theoretical analysis of all the
steps of a process is also needed apart from the feedback
derived from flow chart and fish-bone analysis. While
each PDSA test cycle was executed with certain assump-
tions, we encountered several new problems. However, as
we had set up a team with representation from all stake-
holders, the members came out with new solutions. The
importance and equal status given to all the members
for their roles helped the team to stay motivated. It was
natural for nurses and hospital attendants to resist taking
on the new work responsibilities. However, since they
were members of the team trying to modify the system

and were convinced of its benefits for the patients, they
adapted to the changes and actually started enjoying the
changes.

We could not measure and analyse the impact of
this process improvement on mortality and morbidity.
However, we believe the link between timely administra-
tion of antibiotic and patient outcomes is well proven.

Scenarios of overcrowding and mismatch between
patient load and manpower are quite common across the
developing world. We believe such occurrences are quite
common but hidden or ignored, or assumed to be not
manageable. Our experience will be useful for several
others struggling with similar problems.

CONCLUSION

We were able to significantly reduce the time from deci-
sion to actual administration of first dose of antibiotics
in neonates with sepsis and improve the proportion of
neonates receiving the dose within the first hour. This
was achieved through an analysis of the local system and
testing of process changes through sequential PDSA
cycles, without any additional resources.
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