
https://doi.org/10.1177/2049936119865796 
https://doi.org/10.1177/2049936119865796

Ther Adv Infectious Dis

2019, Vol. 6: 1–9

DOI: 10.1177/ 
2049936119865796

© The Author(s), 2019.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Therapeutic Advances in Infectious Disease 

journals.sagepub.com/home/tai	 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Complicated intra-abdominal infections with or 
without sepsis constitute an important category of 
patients reporting to our surgical emergency 
department. Perforation peritonitis, secondary to 
intestinal perforation, constitutes a significant 
proportion of these cases and is a surgical 

emergency with 6–21% mortality worldwide.1–3 It 
is a type of secondary peritonitis, where initial 
resuscitation followed by adequate surgery and 
good postoperative care is required for best out-
comes.4,5 There is a difference in the demograph-
ics of the disease between the eastern and western 
world. The age group commonly affected with 
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perforation peritonitis is the younger age group in 
the eastern world, whereas in the west, it is the 
older age group.6 The segment of bowel involved 
is the proximal bowel more commonly than the 
distal in the eastern world.7,8 Though the inci-
dence of infective perforations secondary to 
typhoid or tuberculosis is decreasing in the west-
ern world, it still remains a major concern in 
developing countries like India, and about 50% of 
the total perforations in India are secondary to 
infections, whereas infections constitute only 
2–3% in the western world.9,10 Infective complica-
tions occurring after surgical repair are a major 
cause of the morbidity associated with perforation 
peritonitis.5 Hence, drainage of the collections 
with administration of appropriate antibiotics, 
forms the core therapy in the postoperative period.

Peritoneal fluid sampling during surgery and 
assessment of the organism has been practiced 
over the years;11 Even though the relevance of this 
has been questioned, such sampling allows the 
isolation of the infective organism and can guide 
postoperative antibiotic therapy. Escherichia coli is 
the most commonly isolated Gram-negative bac-
teria, whereas Bacteroides tops the list among the 
anaerobes.12–14 The empiric therapy used is a 
combination of aminoglycoside with clindamycin 
or metronidazole in the western world. 
Monotherapy with cefoxitin or ampicillin has also 
been used with good results.11 Such empiric thera-
pies are generally based on studies conducted by 
or on guidelines given by organisations such as the 
Infectious Diseases Society of America (IDSA).

IDSA guidelines give recommendations for 
antimicrobial use in the management of com-
plicated intra-abdominal infection.15 However, 
we as a part of our antimicrobial stewardship 
program, noted considerable variation among 
the choice of empirical regimen for different 
cases of perforation peritonitis. There was also 
a lack of available policies for these cases that 
led to overuse or the unnecessary use of antibi-
otics.16 Further, we suspected that culture sen-
sitivity patterns involved pathogens which may 
warrant consideration of different empiric anti-
biotic regimen. The present study was con-
ducted to assess the profile of features in 
patients with secondary intra-abdominal infec-
tions due to peritoneal perforation with or with-
out sepsis, with a view of proposing appropriate 
empiric antibiotic regimens. The study also 

serves as evidence-based support for surgeons 
in making decisions on the empiric regimen to 
be given in secondary peritonitis following 
intestinal perforation.

Methods
The study was approved by the Institutional 
Ethics Committee of the Institute (approval num-
ber NK/1798/Study/2135) and was performed in 
accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later 
amendments and local national guidelines. The 
study was undertaken in a tertiary care hospital 
(Postgraduate Institute of Medical Education and 
Research, Chandigarh) located in northern India. 
Adult patients of either sex reporting to the surgi-
cal emergency were screened for potential eligibil-
ity. As the study did not involve any direct 
intervention, written informed consent from the 
patient was not required.

Eligibility criteria of the study
The inclusion criteria for the study were: (1) 
Adult patients of either sex presenting with 
abdominal sepsis; (2) Patients who had confirmed 
hollow viscus perforation by ultrasonography or 
computed tomography (CT) scan; and (3) 
Patients in whom the samples were collected and 
cultured from the abdomen during surgery. The 
exclusion criteria were: (1) Patients of hollow vis-
cus perforation in whom the surgery was not per-
formed; (2) Children <12 years of age; and (3) 
Patients who had abdominal sepsis without hol-
low viscus perforation

Study design
The patients were followed up for their entire 
period of stay in the hospital. The duration of stay 
of the patients at different levels of care was noted. 
The level of care in which the patients stayed 
were divided into three levels namely level 1, level 
2 and level 3. Level 3 corresponds to the intensive 
care unit in routine hospital setting and facilities 
for emergency ventilation are available. All the 
patients included in the study had at least 1 day in 
level 3 care. Level 2 represents a step-down facil-
ity and level 1 represents the inpatient ward in 
hospital. Standard definitions for the concomi-
tant presence of sepsis and septic shock were 
used.17
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Sample collection and analysis
The procedure followed for collecting intraopera-
tive samples were as follows. Peritoneal fluid was 
aspirated using a sterile syringe under strict aseptic 
precautions and then transferred to a sterile con-
tainer. The specimen was sent for microbiological 
examination and results were followed up. Briefly, 
the peritoneal fluid was inoculated on routine 
microbiological media (sheep blood agar, 
MacKonkey agar and Robertson’s cooked meat 
broth) and incubated aerobically at 37°C over-
night. Next day, the plates were observed for bacte-
rial/fungal growth and isolated colonies from 
morphologically distinct growth were identified by 
MALDI-TOF MS (Bruker Daltoniks, Bremen, 
Germany). In a few cases, peritoneal fluid was 
directly inoculated to Bactec bottles and incubated 
in automated systems. For blood culture, 8–10 ml 
of the blood sample was inoculated in Bactec bot-
tles and inserted into an automated system for 
closed continuous monitoring. Once a positive 
beep was obtained from the Bactec 9240 (Becton 
Dickinson, New Jersey, U.S.A), a drop of broth 
from the culture bottle was inoculated onto routine 
culture media and processed as described before. 
Once the organism/organisms were identified, anti-
microbial susceptibility was performed using the 
Kirby–Bauer disk diffusion method in accordance 
with the Clinical and Laboratory Standards 
Institute (CLSI) guidelines for designating an 
organism as sensitive, intermediate and resistant.18

Outcome definition
If a patient had been operated more than once 
during the stay in hospital, then the intraoperative 
sample was collected and evaluated at each surgi-
cal intervention and samples of the same patient 
were reported as separate entity in the study. This 
was referred with the term ‘unique surgery events’ 
as the surgical intervention was taken as a factor 
for discriminating and identifying the samples. In 
addition to classifying an organism as sensitive, 
intermediate and resistant, the organisms were 
further classified to identify the predominant 
organism in the upper and lower GI tract perfora-
tion peritonitis. A match was made to assess 
whether the organism in the intraoperative fluid 
of a patient was found subsequently in the 
patient’s blood culture.

The details of the antibiotic administered during 
the entire duration of stay was noted. For a patient 

referred from another healthcare setting, an 
attempt was made to obtain the details of culture 
and its sensitivity report, antimicrobials received 
and the intervention performed.

The final outcome was classified as discharged, 
death or leave against medical advice (LAMA). 
LAMA represents those patients that required 
treatment and hospitalization but were discharged 
from the hospital against medical advice. This 
being a pilot study, a convenient sample size of 77 
was taken.

Statistical analysis
Statistical analysis was carried out using R statis-
tical software (version 3.4.1).19 The figures were 
created using Adobe Illustrator CC 2018, Adobe 
Inc., U.S. The values were expressed as 
mean ± standard deviation (SD) for parametric 
data and median with range for nonparametric 
data. The frequency of events was represented as 
the number of events along with a percentage.

Results
The study was conducted between May 2015 and 
April 2016. A total of 77 cases were included in 
the study. Among the included cases, 59 (76.6%) 
were male and 18 (23.4%) were female. The 
mean age of the patients was 43.1 ± 18.9 years 
with a median of 45 years and range between 13 
and 86 years. The mean age among the males and 
females admitted in the study was 41 ± 18.3 and 
49.8 ± 19.8 years respectively.

The sites of perforation were categorized as upper 
GI tract, lower GI tract and unclassified perfora-
tion peritonitis categories. The upper GI tract 
perforation peritonitis was seen in 28 (36.4%) 
patients, lower GI tract perforation peritonitis 
was seen in 39 (50.6%) patients and 10 (13%) 
patients were classified as ‘unclassified’.

The frequency of different antibiotics started 
empirically in the patients are represented in 
figure 1.

A total of 80 unique surgery events were consid-
ered in the study. Out of the 80 events, the intra-
operative fluid was sterile in 12 (15%), had a 
single bacterium in 32 (40%), two bacteria in 5 
(6.2%), three bacteria in 1 (1.2%), fungus in 1 
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(1.2%) and both bacteria and fungus in 1 (1.2%). 
The remaining events were categorized under 
‘others’ 28 (35%). This consisted of those events 
in which intraoperative fluid could not be 
obtained, such as those patients with sealed per-
foration peritonitis, patients in whom conserva-
tive management was undertaken, patients in 
whom the intraoperative fluid on examination 
came with inconclusive results (contaminated or 
bacteria with doubtful significance) and those 
patients who were loss to follow up.

The most common organism which was seen 
among the positive intraoperative fluid was E. coli 
(n = 23, 47.9%). The second most common 
organism was Klebsiella pneumoniae (n = 6, 12.5%). 
The other organisms which were isolated from the 
culture include Enterococcus faecium (n = 3, 6.2%), 
Staphylococcus aureus (n = 3, 6.2%), Acinetobacter 
baumannii (n = 3, 6.2%), anaerobic bacteria (n = 3, 
6.2%), Enterococcus faecalis (n = 2, 4.2%), yeast 
(n = 2, 4.2%), Pseudomonas aeruginosa (n = 1, 
2.1%), Pseudomonas monterilli (n = 1, 2.1%) and 
alpha-haemolytic streptococci (n = 1, 2.1%).

Out of 23 intraoperative fluid samples which 
came positive for E. coli, 22 were sensitive to ami-
kacin (total of 23 were tested and 1 was resistant), 

5 were sensitive to cefoperazone-sulbactam (total 
of 9 were tested and 2 were intermediate sensitive 
and 2 were resistant), 13 were sensitive to pipera-
cillin-tazobactam (total of 20 samples were tested 
and 3 were intermediate sensitive and 4 were 
resistant) and 22 were sensitive to imipenem 
(total of 23 samples were tested and 1 was resist-
ant). Out of six intraoperative fluid samples which 
came positive for K. pneumoniae, three were sensi-
tive to amikacin (total of six were tested and three 
were resistant), one was sensitive to cefopera-
zone-sulbactam (total of three were tested and 
two were resistant), four were sensitive to pipera-
cillin-tazobactam (total of six were tested and two 
were resistant) and four were sensitive to imi-
penem (total of six were tested and two were 
resistant). All the three cultures that came back 
positive for E. faecium and S. aureus were sensitive 
to both vancomycin and teicoplanin.

Table 1 represents the frequency of different 
organism according to the location of the perfora-
tion in the GI tract.

Out of 77 patients evaluated in the study, during 
the course of hospital stay, blood culture was posi-
tive in 13 (16.9%) patients. Among these 13 
patients, a total of 29 different samples collected at 

Figure 1.  Horizontal bar chart representing the frequency of different antibiotics started empirically in 
patients in the study. The ‘other’ category included those antibiotics whose frequency of administration to 
patients was less than three patients in the study. This encompassed ceftriaxone, cefoperazone, colistin, 
ciprofloxacin and amikacin. In 2 patients (out of 77), the data on the type of empirical antibiotic started was 
missing.
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different points of time during the stay in the hospi-
tal were positive. Out of these 29 positive samples, 
the predominant organism was A. baumannii (n = 6, 
20.7%) samples and the second most common 
organism was Candida tropicalis (n = 5, 17.2%). Out 
of 13 patients found positive with blood culture, in 
only 2 (15%) patients, the organism (E. coli and  
S. aureus) that was found in the intraoperative fluid 
was subsequently found in the blood culture.

Out of all the patients evaluated in the study, 41 
(53.2%) were discharged in an improved state, 25 

(32.5%) died and 11 (14.3%) patients were 
LAMA from the hospital. The number of patients 
who stayed in level 3, level 2 and level 1 were 75 
(97%), 41 (53%) and 38 (49%), respectively.

Table 2 represents the duration of stay at differ-
ent level of care in the hospital shown against the 
outcome of the patient.

Table 3 shows site of perforation, causes of perfo-
ration peritonitis and blood pressure at the time 
of admission in different outcome categories.

Table 1.  Frequency of the organism in upper GI, lower GI and unclassified perforation peritonitis. The 
percentage in brackets stands for the percentage frequency of organism under each category.

Organism cultured Upper GI tract
(N = 15)
n (in %)

Lower GI tract
(N = 31)
n (in %)

Unclassified
(N = 2)
n (in %)

E. coli 3 (20%) 20 (64.5%) 0

K. pneumoniae 3 (20%) 2 (6.5%) 1 (50%)

E. faecalis 1 (6.7%) 0 1 (50%)

E. faecium 1 (6.7%) 2 (6.5%) 0

Anaerobic bacteria 1 (6.7%) 2 (6.5%) 0

Yeast 1 (6.7%) 1 (3.2%) 0

Alpha-haemolytic streptococci 1 (6.7%) 0 0

S. aureus 2 (13.3%) 1 (3.2%) 0

P. monterilli 0 1 (3.2%) 0

A. baumannii 1 (6.7%) 2 (6.5%) 0

P. aeruginosa 1 (6.7%) 0 0

GI, gastrointestinal.

Table 2.  Mean duration of stays (in days) in different level of care shown against the outcome of the patient 
(discharge, death and LAMA). Data are represented as mean ± SD.

Variables Subdivision Overall Discharged Death LAMA

Days of stay
mean ± SD
(in days)

Total 16.5 ± 12.8 18 ± 12.5 16.2 ± 14.4 11.5 ± 9.1

In level 3 care 8.9 ± 8.7 5.8 ± 4.5 13.6 ± 11.4 9 ± 9.1

In level 2 care 6.9 ± 6.5 6.7 ± 6.5 7.8 ± 7.3 9

In level 1 care 7.8 ± 6.3 8.4 ± 6.7 4.8 ± 4.8 6 ± 1.73

LAMA, leave against medical advice; SD, standard deviation.
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Discussion
The study evaluated the cases of complicated 
intra-abdominal infections, associated with peri-
tonitis secondary to perforation who were admit-
ted to our hospital for treatment. The 
demographic profile of the patients with respect 
to sex (male predominance) and age (average 
age of 44 years) was similar to that seen in the 
previous studies.20

The most common organism which was seen in 
the intraoperative fluid was E. coli followed by  
K. pneumoniae. One previously conducted study 
in which the bacteriology of intraoperative fluid 
following perforated appendicitis with peritonitis 
was examined has reported that E. coli and 
Bacteroides fragilis were present in almost all the 
samples examined.21 The study further reported 
that the unusual high bacterial load which was 
found in the intraoperative fluid might be the 

Table 3.  Site of perforation, causes of perforation peritonitis and BP at the time of admission in different 
outcome categories. The percentage in brackets stands for the percentage frequency of diagnosis, causes of 
perforation peritonitis and BP at the time of admission under each outcome category. The ‘others’ subdivision 
under the ‘site of perforation’ variable included those diagnostic categories for which the frequency of 
occurrence in the study were less than three patients and it encompassed caecal perforation peritonitis, 
oesophageal perforation peritonitis, sealed perforation peritonitis, gastric perforation peritonitis. The ‘others’ 
subdivision under ‘causes’ variable consists of iatrogenic injury, inflammatory bowel disease, neuroendocrine 
tumour of body of pancreas, ingestion of foreign body and stab injury.

Variables Subdivision Overall
(N = 77)
n (in %)

Discharged
(N = 41)
n (in %)

Death
(N = 25)
n (in %)

LAMA
(N = 11)
n (in %)

Site of 
perforation

Pre-pyloric 15 (19.5%) 9 (22%) 3 (12%) 3 (27.3%)

Duodenal 9 (11.7%) 3 (7.3%) 4 (16%) 2 (18.2%)

Ileal 15 (19.5%) 11 (26.8%) 4 (16%) 0

Jejunal 12 (15.6%) 10 (24.4%) 2 (8%) 0

Colonic 6 (7.8%) 1 (2.4%) 3 (12%) 2 (18.2%)

Uncategorized 5 (6.5%) 0 3 (12%) 2 (18.2%)

Multiple 6 (7.8%) 3 (7.3%) 3 (12%) 0 (0%)

Others 9 (11.7%) 4 (9.8%) 3 (12%) 2 (18.2%)

Causes Alcohol and 
tobacco abuse

13 (16.9%) 6 (14.6%) 2 (8%) 5 (45.5%)

Analgesic 
abuse

4 (5.2%) 3 (7.3%) 1 (4%) 0

BTA 12 (15.6%) 4 (9.8%) 7 (28%) 1 (9.1%)

Enteric fever 3 (3.9%) 2 (4.9%) 1 (4%) 0

Not 
established

29 (37.7%) 18 (43.9%) 8 (32%) 3 (27.3%)

Tuberculosis 7 (9.1%) 2 (4.9%) 4 (16%) 1 (9.1%)

Other 9 (11.7%) 6 (14.6%) 2 (8%) 1 (9.1%)

BP at the time 
of admission

Normal 60 (77.9%) 35 (85.4%) 18 (43.9%) 7 (17.1%)

Shock 17 (22%) 6 (14.6%) 7 (17.1%) 4 (9.8%)

BP, blood pressure; BTA, blunt trauma abdomen; LAMA, leave against medical advice.
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reason for the therapeutic failures associated with 
patients with perforation.21 Only the cases of sec-
ondary peritonitis following perforated appendi-
citis were considered in that study. In our study, 
patients with complicated intra-abdominal infec-
tion following perforated viscus with the site of 
perforation involving any segment of the GI tract 
were included.

The organisms were tested for sensitivity in 
accordance with the CLSI guidelines and this is 
the reason for them not being tested against all 
the antibiotics. Of the two organisms most 
commonly isolated, sensitivity to imipenem, ami-
kacin and piperacillin-tazobactam was relatively 
preserved. On account of the possibility of pus 
collections and expected prolonged treatment, 
amikacin is not a choice initially for these patients 
but a decision has to be made between piperacil-
lin-tazobactam and imipenem. It was further seen 
in the study that cefoperazone-sulbactam is the 
most commonly used empirical agent. But it has 
shown sensitivity to E. coli in only 5 (out of 23) 
cases. Moreover, the anaerobic activity of cefop-
erazone-sulbactam is not well established and is 
has to be given with a combination of metronida-
zole for covering the spectrum of anaerobes.22 
The anaerobic activity of piperacillin-tazobactam 
and imipenem is documented, and these two 
antibiotics need not be given with metronida-
zole.23–25 In certain settings, the routine prolonged 
use of cephalosporins is restricted to prevent the 
development of resistance. In only 2 (15%) out of 
total 13 patients found positive for blood culture, 
the organism which was found in the intraopera-
tive fluid was subsequently found in the blood 
culture. This shows that it is unlikely that the 
migration of the intraoperative organism is the 
cause of subsequent bloodstream infection in 
these patients.

The patients were followed up during the entire 
duration of their stay in the hospital and the final 
outcome of the patient was noted. The death rate 
reported in this study was similar to that of some 
other studies.26,27 Two important factors needs to 
be considered when taking this mortality rate into 
consideration. One factor is that 97% of the 
patients included in this study needed at least a 
day of care in the level 3 setting of the hospital 
and the second factor is the kind of patients the 
hospital serves. The hospital in which the study 
was conducted is an apex tertiary care hospital 

catering mainly to the needs of referred cases 
from the surrounding areas.

The number of patients with shock at the time  
of admission was evaluated and shock was  
found to be present in only 22% of patients 
admitted in study. The mean duration of stay  
of 16.5 ± 12.8 days demonstrates that patients 
require at least 2–3 weeks of hospital care. The 
long period of stay predisposes the patient vulner-
able to acquiring a hospital-based nosocomial 
infection.28 This makes it all the more important 
in judiciously administering antibiotics in the pre-
operative and postoperative period of stay. It is 
important that the empiric regimen to be admin-
istered for perforation peritonitis is based upon 
local evidence rather than blindly following inter-
national guidelines. The microbial patterns 
found, and therefore the resistance to antibiotics, 
vary between different geographical regions. The 
study conducted as a part of the antibiotic stew-
ardship program serves the much needed purpose 
of generating evidence for critical decision-mak-
ing in such cases.

The sample size could be a limiting factor in the 
study; however, it was conducted over 6 months. 
Both referred and directly admitted (without ref-
erence) patients were included in the study.

Conclusion
We would suggest use of piperacillin-tazobactam 
or imipenem in patients presenting with compli-
cated intra-abdominal infections secondary to 
perforated viscus, especially if they have sepsis, 
and imipenem if the patient is in septic shock. It 
is important that in future, local data are consid-
ered for making antibiotic policies for a particular 
setting and these must be updated regularly. 
Antimicrobial stewardship programs can have 
such discrete research undertaken to generate 
evidence-based policies in their respective health-
care settings.
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