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Introduction

One of the most serious complications of cirrhosis is the 
development of spontaneous bacterial peritonitis (SBP). 
Untreated, it carries a mortality of up to 90%,1 which falls 
to 20% with prompt recognition and early treatment.1,2 It 
is a common complication of cirrhosis – the prevalence in 
cirrhotic in-patients varies from 10–30%1,2 – and the clinical 
presentation is diverse, with abdominal pain, fever, upper 
gastrointestinal haemorrhage or an asymptomatic presentation 
all commonly observed.1,2 Given this variation and high 
mortality, a high index of clinical suspicion for possible SBP, 
accompanied by a rapid diagnostic algorithm is required. 
Moreover, with cirrhosis-related admissions increasing in the 
UK,4,5 a greater responsibility falls on the clinician to identify 
risk factors and initiate swift and appropriate management.4 

We aimed to investigate the knowledge of SBP, in trainee 
doctors involved in the acute medical take (AMT) at Northwick 
Park Hospital, London, UK.

Method

Using the European Association for the Study of the Liver 
(EASL) and British Society of Gastroenterology (BSG) clinical 
practice guidelines for SBP,1,2 we developed a six-point 
questionnaire (Box 1). This tested trainee doctors’ knowledge 
of when to suspect SBP, how to investigate it (including correct 
samples to send to the laboratory), the urgency of results, 
appropriate treatment and current guidelines available for 
them to use. This was circulated to all trainee doctors, from 
foundation year 1 (FY1) to specialist registrar (SpR), involved in 
the AMT at Northwick Park Hospital in January 2014.

We reviewed all ascitic samples received by the microbiology 
laboratory between May 2013 and January 2014 and selected all 
patients with cirrhosis. White cell count (WCC), differential 
count (polymorphonuclearcyte (PMN) and lymphocyte 
percentages) and culture results were obtained using the 
electronic results system. Time between admission and 
diagnostic paracentesis was noted. Time between samples being 
recorded as received by the laboratory and being electronically 
reported was also documented. Documentation of clinical 
suspicion on sample request labels was recorded.

Spontaneous bacterial peritonitis (SBP) in cirrhotic patients is 
a serious complication associated with a high mortality rate. A 
baseline audit of the acute medical take (AMT) at Northwick 
Park suggested a lack of awareness regarding management. 
A questionnaire based on contemporary SBP guidelines was 
circulated to all trainee doctors (FY1 to SpR). Ascitic fluid testing 
requests were analysed over a six-month period. The electronic 
requesting system was updated to include prompts and direct 
links to Trust SBP guidelines, and a one-hour lecture to all 
members of the AMT, supported by an educational booklet on 
SBP, was performed. Re-audit was carried out six months post-
intervention, the AMT completed a second questionnaire and 
ascitic fluid testing requests were re-audited. In comparable 
pre- and post-intervention AMT cohorts, a clinical and 
educational intervention led to a significant improvement 
in understanding of when to investigate (p≤0.001), samples 
(p=0.002) and containers (p≤0.001) required, urgency of 
obtaining results (p≤0.001), and initiation of treatment for 
suspected SBP (p=0.007). Significantly more ascitic samples 
were sent, with specific suspicion of SBP more readily 
documented, crucial to expediting laboratory processing. 
Targeted education and production of a clinical algorithm has 
significantly improved the management of patients with SBP. 
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The results were reviewed by a panel of doctors, including 
trainees (FY1 to SpR) and consultants. A number of 
initiatives, aimed at improving trainee understanding and 
minimising delays and diagnosis of SBP were implemented. 
In July 2014 (six months post-intervention), trainees involved 
in the AMT once again completed the six-point questionnaire 
and a review of electronic records of all ascitic samples 
from cirrhotic inpatients taken between February and July 
2014 was performed. Results were compared to those pre-
intervention. Where appropriate, statistical analysis was 
performed using Chi-squared or Mann–Whitney U statistical 
analysis.

Interventions performed

Following assessment of trainee doctors’ knowledge and 
reviews of ascitic samples sent to the laboratory, a number of 
interventions were implemented. 

Clinical

A local guideline based on current EASL and BSG guidance 
was developed.1,2 This included a diagnostic and management 
algorithm for SBP (Fig 1), as well as post-diagnosis management 
recommendations (not included). These included local 
microbiology guidelines on management of SBP, which were 
unchanged between interventions. This was uploaded onto our 
Trust intranet for ease of access. Second, the electronic requesting 
system was updated to include a prompt with every ascitic 
fluid analysis request. This prompt asks whether the patient ‘is 
known to have cirrhosis’. If the trainee then answers ‘yes’ the 
system displays an alert reminding them that they should have 
a high suspicion of SBP and urgently seek out the results of the 
investigation by contacting the laboratory. It also provides the 
trainee with a direct link to the Trust guidelines on diagnosis and 
management of SBP and provides a written investigation order 
form detailing the specific samples to be obtained. 

Educational 

A senior SpR in gastroenterology delivered a one-hour lecture 
to all members of the AMT on SBP. This was supported by the 
creation of a 20-page, educational booklet on SBP which was 
provided to the trainee doctors at the session. It is designed to 
be worked through in the trainees’ own time, aiming to draw 
on previous knowledge of SBP learnt during medical training 
and refresh the key points of the topic to aid identification and 
management of this serious complication. On completion of 
this booklet the trainee should be able to (learning outcomes):

1.  Define SBP and its pathogenesis
2.  Understand the epidemiology and clinical presentation of SBP
3. Understand the correct pathway for investigation of SBP
 a. correct investigations to perform
 b. correct laboratory samples required to send
4.  Describe the correct management of patients with 

suspected SBP
5.  Be aware of guidance and current evidence surrounding 

this topic

Results

Pre-intervention

In total, 34 trainee doctors (17 FY1s, 15 senior house 
officers (SHOs) and 2 SpRs) from the AMT completed our 
questionnaire on SBP in cirrhotic inpatients. 15 (44%) had 
performed between 1 and 5 diagnostic paracenteses previously, 
6 (20%) had performed >5 procedures, while 13 trainees (38%) 
had no experience. Only 4 (12%) trainees correctly answered 
that all known cirrhotic inpatients should have a paracentesis 
performed on admission to hospital; 16 (47%) knew which 
investigations on ascitic fluid samples were required, although 
only 2 (6%) where able to recall the correct sample containers 
for the tests; 12 trainees (35%) knew the correct definition 
for diagnosis of SBP and when to initiate treatment; 13 (38%) 
trainees understood that white cell counts should be requested 
as urgent from the laboratory and only 5 (15%) could correctly 
name a source of guidance on the diagnosis and management 
of SBP. Table 1 provides a comparison of trainees knowledge 
pre- and post-interventions designed to increase knowledge and 

Box 1. Questionnaire provided to trainees involved 
in the initial management of cirrhotic inpatients 
with ascites in the acute medical take.

1.  In which patients should you routinely perform 
ascitic paracentesis to exclude spontaneous bacterial 
peritonitis (SBP)?

  Any cirrhotic patient with ascites on admission to 

hospital

  Only if cirrhotic with ascites AND clinical suspicion (fever, 

pains, sepsis) 

2.  What tests (including specific containers) would you 
send off for suspected SBP? 

Tests required Sample container required

3. How do you do you diagnose SBP?

 ––––––––––––––––––––––––––––––––––––––––––––––––

4. When would you start treatment if you suspected SBP?

  As soon as possible before diagnostic paracentesis

  After diagnostic paracentesis

5.  How quickly do you require a WCC result from diagnostic 
paracentesis?

  Within 24 hours

  Routine

  Special request from laboratory

6.  What guidance are you aware of regarding diagnostic 
paracentesis and SBP?

 ––––––––––––––––––––––––––––––––––––––––––––––––
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Fig 1. Guideline introduced to the Trust:  
 ascites investigation pathway for  cirrhotic 
inpatients. EDTA = ethylenediaminetet-

raacetic acid; GI = gastrointestinal; SBP = 

spontaneous bacterial peritonitis; USS = 

ultrasound scan; WCC = white cell count.

understanding surrounding the management of ascites and SBP 
in cirrhotic inpatients. 

Post-intervention 

26 trainee doctors (11 FY1, 14 SHO and 1 SpR) on the AMT 
completed our questionnaire. The pre- and post-intervention 
cohorts did not differ in experience, with respect to trainee 
grade or number of paracenteses performed (p=0.83 and 
p=0.31, respectively). However, there was a significant 
improvement in understanding of when to perform ascitic 
paracentesis in cirrhotic patients, with 58% (15) answering 
correctly post-intervention compared for 11% (4) 

  pre-intervention (p≤0.001). Knowledge of the correct samples 
required improved from 47% (16) to 85% (22) and correct 
containers required improved from 6% (2) to 54% (14) post-
intervention (p=0.002 and p≤0.001, respectively). Awareness 
of the urgency of obtaining WCC results rose from 38% (13) 
to 73% (19) (p≤0.001) and trainees were also more aware 
of when to initiate treatment for suspected SBP (62% from 
35%, p=0.007). Knowledge of availability of where to locate 
appropriate guidance on management of SBP also increased 
from 15% (5) to 81% (21) following intervention (p≤0.001). 
There was no difference in antibiotic selection between 
interventions, with appropriate choices made based on local 
microbiology guidelines pre- and post-intervention.

Moderate to large
ascites

Diagnos�c asci�c paracentesis on admission

Send for:

NB: If chylous ascites also send for triglycerides (yellow top)

Send to lab as URGENT sample
Correct labelling: Cirrho�c pa�ent with ascites.?SBP
No�fy lab/microbiology technician on call of sample for urgent WCC report (NB: purple EDTA
tube allows automa�c genera�on of WCC out of normal laboratory hours)

Low threshold for commencing an�bio�cs to cover SBP in cirrho�c pa�ents with asci�es:
Any clinical suspicion including:
 Fever, pain, raised inflammatory markers
 Upper GI bleed, encephalopathy and renal impairment without obvious cause

Test
White cell count and differen�al and gram stain
Cultures
Protein, albumin
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Sample container
Universal top AND purple bo�le (EDTA)
Blood culture bo�les
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Table 2 shows timings related to ascitic fluid samples pre- 
and post-intervention. Post-intervention there were a larger 
number of ascitic fluid samples received at the laboratory 
(56 pre-intervention compared to 115 post-intervention). 
The number of individual cirrhotic patients investigated for 
ascites also increased from 33 pre-intervention to 54 post-
intervention. The number of taps performed per patient did 
not differ significantly (median 1.7 compared to 2.1, p=0.109). 
Time between admission and the first diagnostic paracentesis 
was significantly reduced from a median of 2 (0–34) days 
pre-intervention to a median of 1 (0–14) day post-intervention 
(p<0.001). Laboratory time from receiving to completed 
electronic reporting of samples was also significantly reduced 
from a median of 3 (1–12) to 2 (0–7) days (p<0.001). There 

were seven ascitic fluid samples which tested positive for 
SBP (PMN >250 cells/mm or WCC >500 cells/mm) in both 
groups (12.5 and 6%, respectively) (p=0.151). These were from 
5 individual patients in the pre-intervention group and 6 in the 
post-intervention group (p=0.461). 

Following intervention, 63% (72/115) of ascitic samples 
from cirrhotic patients were labelled to indicate that 
SBP needed to be excluded. In patients who remained 
as inpatients for longer than 1 week we also observed an 
increase in the adherence to weekly repeat paracentesis to 
monitor for SBP (data not included). The number of cirrhotic 
patients admitted to the Trust during the 2 six-month 
periods evaluated did not differ significantly (213/50172 and 
213/51525, respectively p=0.823).

Table 1. Comparison of trainees understanding of the management of cirrhotic inpatients with cirrhosis and 
spontaneous bacterial peritonitis before and after intervention.

Question Answer Pre-intervention, 
n (%) (n=34)

Post-intervention, 
n (%) (n=26)

p value

Grade FY1 17 (50) 11 (42)

SHO 15 (44) 14 (54)

SpR 2 (6) 1 (4) 0.830

Number of taps performed 0 13 (38) 7 (28)

0–5 15 (44) 10 (38)

>5 6 (18) 9 (35) 0.310

Understand of when to perform paracentesis Correct 4 (11) 15 (58) <0.001

Correct tests to order Correct 16 (47) 22 (85) 0.002

Partially correct 14 (41) 4 (15)

Correct sample containers Correct 2 (6) 14 (54) <0.001

Partially correct 7 (21) 4 (15)

Diagnosis of SBP Correct 12 (35) 21 (81) <0.001

Correct initiation of treatment Correct 12 (35) 16 (62) 0.040

Urgency of WCC/PMN result Correct 13 (38) 19 (73) 0.007

Knowledge of sources of guidance Correct 5 (15) 21 (81) <0.001

FY1 = foundation year 1; PMN = polymorphonuclearcyte; SBP = spontaneous bacterial peritonitis; SHO = senior house officer; SpR = specialist registrar; WCC = white 

cell count.

Table 2. Summary of findings from review of 6 months of ascitic fluid samples received by the laboratory pre- 
and post-intervention. 

Result Pre-intervention Post-intervention p value

Total samples, n 56 115 –

Individual patients, n 33 54 –

Average number taps/drains per patient 1.7 2.1 0.109

Time from admission to tap, median days (range) 2 (0–34) 1 (0–16) <0.001

Time tap to online reporting, median days (range) 3 (1–12) 2 (0–7) <0.001

Suspicion of SBP documented on request, n (%) n/a 72 (63) –

Positive samples (PMN >250 cells/mm) , n (%) 7 (12.5) 7 (6) 0.151

Patients diagnosed with SBP, n (%) 5 (15) 6 (11) 0.461

n/a = not available; PMN = polymorphonuclearcyte; SBP = spontaneous bacterial peritonitis.
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understanding surrounding SBP and clinical outcomes. To 
achieve this we plan to follow up our current AMT trainees for 
a further year to assess for maintenance of knowledge post-
intervention. We also hope to perform further longitudinal 
work on a larger scale, evaluating the individual impact of 
individual interventions in the new cohort of trainees who have 
started regionally from October 2014 to August 2015. This will 
also provide a large data set of ascitic samples received allowing 
more detailed analysis of patient outcomes, including the 
analysis of time to treatment initiation, which firm conclusions 
could not be drawn on within this study due to the limited 
sample size.

In conclusion, the current understanding surrounding SBP in 
trainee doctors involved in the acute management of cirrhotic 
inpatients in the first 24–72 hours from admission is putting 
patients at a higher risk of complications and death. Simple 
interventions to improve awareness, such as targeted education 
and production of local clinical guidelines and electronic 
prompts, has significantly improved understanding of SBP in 
the short term in a cohort of AMT trainee doctors within our 
Trust. ■
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Discussion

From this review of the AMT trainee doctors’ knowledge, 
we identified a lack of awareness surrounding the suspicion, 
diagnosis and management of SBP. Given the high mortality 
associated with inappropriately managed SBP, we felt that 
intervention to optimise the initial management of cirrhotic 
inpatients before they are transferred under the management of 
specialist gastroenterology services was warranted.

To address this lack of awareness, interventions, both 
educational and clinical, were implemented. A 20-page, 
stand-alone, educational booklet on SBP was designed using 
educational concepts developed by Laidlaw,6 which emphasise 
the importance of providing feedback, integration of activity 
and individualising material to ensure that it is relevant.6,7 
To ensure that these aims were met we included self-tests to 
provide feedback to the learner and highlight areas of weakness 
which they could then focus on individually. A variety of 
clinical cases were incorporated to ensure that it remained 
relevant and allowed integration into clinical practice.8 A 
senior SpR in gastroenterology then reinforced these concepts 
by providing a one-hour lecture to the AMT at their weekly 
teaching session. The session aimed to revisit the basic science 
surrounding the topic first learned during medical school 
and integrate this with common clinical scenarios which had 
presented previously to the Trust. The hope was that this would 
help trainees incorporate their prior basic science knowledge 
on SBP with topical, clinically relevant scenarios, thus aiding 
recall when in future real life clinical situations.9 As for clinical 
interventions, we developed a local diagnostic and management 
algorithm, based on current EASL and BSG guidance,1,2 
with accompanying electronic prompts on the investigation 
requesting system to support trainees in making decisions 
based on the most up-to-date evidence and enhance their 
learning for future similar situations. 

While we have demonstrated a significant improvement in 
trainees understanding surrounding SBP in the short term 
(6 months) several limitations remain in our study. First, we 
only have a small number of doctors involved in the AMT 
at our Trust and in July 2014 several were not available to 
complete the post-intervention questionnaire. However, there 
was no significant difference in the number of trainees who 
responded to our questionnaire. Second, given the small event 
rate of confirmed SBP within the pre- and post-intervention 
cohorts (5 and 6, respectively), determining any effect on 
patient outcomes is outside the scope of this study. Finally, we 
did not formally monitor trainee completion of the educational 
booklet; therefore we cannot currently evaluate the individual 
clinical benefit gained from each individual educational and 
clinical intervention.

Further longitudinal work is now required to determine the 
long-term outcomes of our interventions on improving the 
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