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Abstract

Background: Very few studies are available in English literature that has evaluated the outcome following small bowel perforations (SBP) in
developing countries like India. The present study aims to know the latest trend in aetiology of SBP and to identify the risk factors that are
associated with worse outcome.

Methods: Data of 100 patients with SBP was maintained prospectively. Specific investigations like Widal, blood culture, urine culture,
histological examination of margins of perforation or enlarged lymph nodes were done to identify the cause of SBP. Based on Clavein- Dindo
classification of post-operative complications, patients with Grade III and above complications were compared with patients having no or <
Grade III complications, to identify the factors that can predict outcome following SBP.

Results: In 53% of the cases no specific aetiology could be found, and these were labelled as ‘non-specific’; enteric fever was diagnosed in 34%
and tuberculosis was found in 10% of patients. Overall mortality was 14% and morbidity was 34%. Combination of serum lactate (>2meq/1),
respiratory rate (>20/min) and serum potassium levels (>5.5meq/l) with sensitivity of 93.94%, was found to be better predictor of severe
complications as compared others parameters like aetiology, operative procedure and commonly used prognostic scoring system -Mannheim
Peritonitis Index (MPI).

Conclusion: ‘Non-specific’ perforations account for majority of SBP. However, these should preferably be managed like enteric as diagnostic
yield of various tests for enteric fever is low. Hyperlactemia in presence of hyperkalaemia and hyperventilation reliably predicts prognosis in
patients with peritonitis secondary to SBP.
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Introduction
nature which occur secondary to sub-mucus vascular embolism,

chronic ischemia due to atheromatous vascular disease or
arteritis, or drugs such as enteric coated potassium tablets [3,4].

Intestinal perforation is one of the common emergencies
encountered by surgeons world over. There is regional bias in
the frequency and incidence of intestinal perforations, with small
bowel perforations (SBP) being encountered more frequently
in the developing countries, and colonic perforations in the
developed nations [1]. The etiological spectrum of non-traumatic
SBP in the developing world is also different from the western
world. Ileal perforation secondary to enteric fever or tuberculosis

Tuberculosis of small bowel is another common cause of small
bowel perforation. Most common site of tubercular perforation is
ileum (50 - 80 %), which is usually seen proximal to stricture site.
Other causes rare include diverticular perforation, perforation
secondary to hernia or foreign body ingestion [1,5].

Despite advances in management strategies, the morbidity and
mortality associated with small bowel perforation is significantly

is common in developing countries whereas in western countries
causes include malignancy, trauma, radiation enteritis, adhesions,

ischemic enteritis, systemic lupus erythematosus (SLE), Crohn’s
disease and very rarely, intestinal tuberculosis [1,2]. In developing
countries like India, enteric fever being endemic is considered
as the leading cause of SBP. But there are studies found that
large number of these perforations are in fact ‘non-specific’ in

high. Morbidity rate varies between 50-80% and mortality is
quoted to be as high as 40% [6,7]. The prognosis and outcome
in these patients depend on the complex interaction of various
factors i.e.,, patient related, disease related, and intervention
related. Early risk assessment of these patients by accurate
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and reliable methods can improve clinical outcome and reduce
treatment costs. Limited studies are available in the English
literature which have evaluated the role various risk factors and
scoring systems in peritonitis secondary to SBP. The present study
was therefore, designed to know the latest trend in aetiology of
SBP and to identify risk factors that can accurately predict disease
severity.

Methodology

After institutional ethical committee approval, this
prospective observational study was conducted on 100 patients of
SBP admitted to tertiary health care institute of North India from
November 2018 to August 2020. The sample size was calculated
based on 5% level of significance and 90% power with an alpha
error of 0.05 taking into consideration sensitivity of MPI as 92%.
All adult patients (>18 years) who consented to participate and
operated for SBP were only included. Patients with SBP secondary
to trauma and patients who had pre-existing condition that can
alter CRP levels like rheumatoid arthritis, inflammatory bowel
disease or lupus were excluded. Patient particulars, symptoms
and clinical features on admission, pre-operative investigations,
operative findings, and post-operative course was recorded. Based
on preoperative investigations and operative findings, Mannheim
Peritonitis Index (MPI) was calculated and MPI of > 26 was taken

as indicator of severe disease [8].

Specificinvestigationslike Widal, blood culture, histopathology
of margins of perforation and enlarged lymph nodes were done
to confirm the aetiology of SBP. Perforation of ileum in the
background of any one of the criteria was labelled as ‘enteric’- (i)
acute onset of fever for more than 7 days of duration; (ii) positive
Widal test (TO antigen titre > 1:160) and; (iii) positive blood or
urine culture positive for S.typhi. In absence of these criteria or
any specific finding on histological examination, the perforations
were labelled as ‘non-specific. As per our institute policy ‘non-
specific’ perforations were presumed to be enteric in nature
and were treated similarly. All patients before surgery patients
were resuscitated and were given broad spectrum parenteral
antibiotics. During surgery, the site of perforation was confirmed,
and the extent and type of contamination was recorded. Type of
procedure (ileostomy, primary repair, or resection anastomosis)
was left to surgeons’ discretion. Post-operatively these patients
were given third generation cephalosporin (Ceftriaxone 2gm
intravenous BD or Cefixime 400mg orally BD). This was continued
for 14 days in patients found to have enteric or ‘non-specific’
perforation.

During post-operative course, major complications including
mortality occurring within one month of surgery were stratified
according to the Clavein- Dindo classification [9]. Grade III
and above complications were considered as severe and were
compared with patients having no or < Grade IIl complications,
to identify the factors that can predict severity of peritonitis
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following SBP. The Collected data was analysed using SPSS
software (Chicago, IL). Categorical variables were expressed as
numbers and percentages. Comparison among groups (mild/
severe peritonitis) were made with the Pearson’ chi-squared
test or Fisher’s exact test. Continuous data was expressed as
mean * standard deviation or median and inter-quartile range.
For multivariate analysis, logistic regression model was applied.
Receiver operating characteristic curves were used to find cut
off with highest sensitivity and specificity. P -value of <0.05 was
taken as significant.

Results

0f 100 patients who presented with SBP, there were 69 males
and 31 females. The mean age was 34.12 SD 14.66 years. Most
common type of perforation was ‘non- specific’ in 53 patients
followed by enteric perforation in 34 patients; 10 patients had
tubercular perforation and 1 each had ascariasis, duodenal
hypertrophy, endometriosis on histological
examination. Among patients with enteric perforation, 16 had
acute onset fever of more than 7 days; 14 were Widal positive and
4 had both, positive Widal and fever. In none of the patient blood
and urine culture was positive for S.typhi. Loop or end ileostomy
was done in most of the patients (82%) followed by primary
repair (13%) and resection anastomosis (5%). Post operatively
34 patients had Grade III or more complication (64 in total

and intestinal

including 14 mortalities). Most common complication was related
to respiratory tract (22; 34.37%) followed by wound dehiscence
(31.2%), intraabdominal abscess (15.6%), leak from anastomotic
or repair site (9.3%) and others. Overall mortality was 14%; 08
died from multi organ failure (71.4%) whereas 5 (35.7%) died
from respiratory complications and 1(7.1%) from cardiac event.

Predictors of Severity

Various factors were analysed that can predict severity of
complications. Univariate analysis revealed increased incidence
of severe complications in patients who had high arterial lactate
(AL) on admission (>2mmol/l), increased respiratory rate (RR)
(>20/min), abnormal serum potassium(K*) (>5.5 meq/I) and in
those who had MPI >26 (Table 1). This difference was also found
to be significant on multivariate regression analysis. Other factors
like age, gender, duration of symptoms, blood pressure, heart
rate, blood urea, serum creatinine, serum bilirubin, etiology of
perforation and type of surgery do not contribute significantly
to severe complications. Receiver operating characteristic curve
was constructed for significant variables to identify best cut
off, sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy (Table 2; Figure 1 & 2). MPI (>28.5)
had highest sensitivity of 73.53% with an area under curve (AUC)
of 0.329, in predicting severe form of peritonitis as compared
to others. On further analysis, it was found that sensitivity of
combined AL, RR and K* (AUC- 0.783) was significantly more as
compared to MPI (93.94 %vs 73.53%), with an accuracy of 79%.
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Figure 1: ROC curve for MPI as predictor of severe complications (Sensitivity 73.53; Specificity 60.61; AUC 0.329).
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Figure 2: ROC curve for combined arterial lactate (>2mmol/l), serum potassium (>5.5 meq/l) and respiratory rate(>20/min) as predictor of
severe complications (Sensitivity 93.94; Specificity 50.0; AUC 0.783).
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Table 1: Comparison of patients (No/Grade I/ Grade Il complications Vs Grade I1l/IV/V complications.

Over- | Complication (Nil/Grade | Complication (Grade | p-val- OR 95% CI
all I/11) (n) I1/1IV/V*) (n) ue
Number 100 66(32/18/16) 34(13/7/14)
Age >55 years 12 7 5 0.55 1.453 | 0.424-4.975
Males/Females 69/31 49/17 20/14 0.114 | 0.496 | 0.206-1.192
Symptom duration (>48 hours) 62 42 20 0.639 0.816 | 0.350-1.905
Systolic blood pressure (<90mmHg) 3 1 2 0.225 4.063 0-355 -
4 p g : ‘ 46.492
Heart rate(>90/min) 62 40 22 0.689 1.192 0.505 - 2.814
. . 1.648 -
Respiratory rate (RR)(>20/min) 30 13 17 0.002* | 4.077 10.083
Enteric 34 24 10 0.325 0.641 | 0.264-1.557
Etiology of perforation Tubercular 10 7 3 0.778 0.816 | 0.197-3.377
Non-Specific 53 30 23 0.716 0.8 0.240 - 2.664
TLC (<4000 or >11000/mm?) 50 31 19 0.398 1.43 0.622 - 3.286
Serum creatinine (>1.8 mg/dl) 14 8 6 0.451 1.554 | 0.492-4.909
Serum sodium (Na*) (<135 or >145 meq/1) 34 22 12 0.845 1.091 | 0.457 - 2.604
. 1.573 -
Serum potassium (K*) (<3.5 or >5.5 meq/1) 15 5 10 0.004* | 5.083 16.424
Serum bilirubin (>1 mg/dl) 35 24 11 0.69 0.837 | 0.348-2.010
Arterial Lactate (AL) « 2.512 -
(>2mmol/1) 37 15 22 0.000 6.233 15.469
LOOP/T],ECI)\I]&;LEOS_ 82 52(25,15,12) 30((12,6,12) 0.244 | 2.019 | 0.609 - 6.695
Operative procedure PRIMARY REAIR 13 10(4,3,3) 3(1,0,2) 0.373 0.542 | 0.139-2.117
RESECTION ANAS-
TOMOSIS 5 4(3,0,1) 1(0,1,0) 0.498 0.47 0.050 - 4.375
1.724 -
ok *
MP I (>26) 51 26 25 0.001 4.274 10.594
CRP Levels
*
CRP Levels (Mean £ SD) 266.59+144.22 271.91%163.19 0.868
(mg/1)
*Mortality; **Mannheim peritonitis Index; *** C- reactive protein.
Table 2: Significant risk factors on univariate and multivariate analysis.
Sensitivity Specificity Positive Predictive | Negative Predictive Accuracy
Variable value value
% 95%CI 95%CI % 95%CI % 95%CI % 95%CI
Respiratory rate (RR) 50 |32436757 | 803 | 68688907 | 5667 @ 98 | 7571 | 68588167 | 70 | 60.02-78.76
(>20/minute) 70.27
Arteriallactate (AL) | ¢ 71 | 4649.8025 | 7727 | 6530-86.69 | 5946 | 08% | 8095 | 72588722 | 73 | 63.2-81.39
(>2mmol/1) 70.94
Serum potassium(K*) 42.62-
29.41 | 15.10-47.48 | 92.42 83.2-97.49 66.67 ’ 71.76 | 66.93-76.14 | 71 | 61.07-79.64
84.34
(>5.5 meq/1)
MPI >26 73.53 | 55.64-87.12 | 60.61 47.81-72.42 49.02 4;07%337 81.63 71.07-88.94 65 54.82-74.27
Combined RR, AL, and K* | 93.94 | 85.2-98.32 50 32.43-67.57 78.48 782316(‘)9 80.95 | 69.71-86.51 | 79 | 69.71-86.51
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Discussion

SBP secondary to enteric fever is considered as one of leading
cause of SBP in developing nations. Though enteric fever is
endemic in developing nations like India (incidence 493.5 cases
per 100000 per year of all ages) its diagnosis poses a significant
challenge to treating physicians [10]. The clinical presentation
of enteric fever is highly non-specific and available diagnostic
tests have low sensitivity. Isolation of S. typhi and S. Paratyhpi
from blood, urine bone marrow, stools or intestinal secretions is
considered as diagnostic but sensitivity of this ranges from 40-
80% because of high rate of self-antibiotic use [11]. The Widal
and other new generation serological test like typhidot and tubex
have also been found to be unreliable. Typhoid-paratypoid assay
that detects IgA, is only test that is found to be promising and has
sensitivity of 100%, but this is usually not available in emergency
setting [10]. Due to these reasons, it is usually difficult to make
diagnosis of enteric fever as a cause of SBP and these perforations
can erroneously be labelled as ‘nmon-specific’ in absence of any
specific cause. It is probably because of this reason few authors
have reported high incidence ‘non-specific’ SBP as compared to
enteric perforations [3,4].

In present series, we also had similar observation. Non-
specific perforations (51%) were found to be more as compared
to enteric perforations (36%). But as diagnostic tests for enteric
are unreliable, all ‘non-specific’ perforations were presumed
to be enteric and treated accordingly. Intestinal tuberculosis
(ITB) is another common cause of SBP. Though it is usually seen
in developing nations, increased incidence is reported from
western world because of human immunodeficiency virus (HIV)
prevalence. ITB usually affects ileo-caecal region because of
abundance of lymphatic tissue and increased stasis of contents
in this area. Incidence of SBP secondary to intestinal tuberculosis
varies from 1-11% and majority these perforations occur
secondary to over distension of bowel caused by distal stricture.
True or ‘Free’ perforation of tubercular ulcer is rare phenomenon
and only few cases have been reported in literature [12]. In
present cohort, 10 patients were diagnosed with tuberculosis of
small bowel on histological examination. Of these, five had free
perforation of ileum in the absence of any other gross pathological
feature. This strongly advocates the need for biopsy of margin of
all SBP to avoid misdiagnosis. Other rare causes of SBP reported
in the literature includes radiation enteritis, hernia, foreign body
ingestion and to add to this list we found one case each of duodenal
hypertrophy, intestinal endometriosis, and ascariasis.

There is no consensus on type of procedure to be done for SBP.

Simple closure, wedge excision or segmental resection and
anastomosis, ileostomy, and even, side to side ileo-transverse
anastomosis after primary repair of the perforation have been
described in the literature. In this series ileostomy was fashioned
in 82 patients. In our experience, we found that these patients
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have bowel oedema which makes it difficult for sutures to hold
and therefore, exteriorization of the perforated segment as a ‘loop’
ileostomy should be preferred approach. Closure of this loop
ileostomy can be done after 6 to 8 weeks. A primary anastomosis
or simple closure should only be done when the patient presents
early, and the bowel is healthy. Despite advancement in peri-
operative care, peritonitis due to SBP is associated with significant
morbidity and mortality. To improve outcome further, various
authors attempted to identify risk factors and scoring systems
that can reliably prognosticate the disease at time of admission.
Of these, the Mannheim Peritonitis Index, which was specifically
designed for peritonitis, is found to be most reliable marker for
assessing severity and prognosis [8,13,14].

It takes into consideration both preoperative and operative
factors to identify high risk patients. In present study, MPI>26
was found to reliably predict grade III and more complications
(including mortality) in 73.5% of the patients. Apart from MPI,
significant number of patients in severe complication group had
increased serum lactate, hyperkalaemia and increased respiratory
rate. Although, the sensitivity of these parameters when compared
individually to MPI was low, the combined sensitivity was
however, found to be higher (93.94% Vs 73.53%). Lactate levels
as a tool to represent tissue hypoxia was first described by Broder
and Weil in 1964 [15]. Lactate, a product of anaerobic glycolysis,
is overproduced in patients with tissue hypoxia. Liver (60%)
followed by kidney (30%) are major organs responsible for lactate
clearance from the body. In presence of sepsis, decreased perfusion
associated kidney and liver dysfunction can lead to increased
lactate levels because of overproduction and decreased clearance
[16]. Increased lactate level can lead to metabolic acidosis in
presence of sepsis. To compensate for this, hyperventilation occurs
to decrease levels of arterial pCO, [17]. Complex alterations occur
in potassium levels in response to sepsis. Hyperkalaemia can
result because of reduced kidney function, presence of metabolic
acidosis and increased cell turnover in septic patients [18]. Thus,
Hyperlactemia associated with peritonitis can also result in
hyperkalaemia and hyperventilation.

Several studies have found lactate level of >2mmol/l, as an
independent predictor of survival in patients with mortality
[19,20]. Based on data obtained from present study hyperlactemia
alonewas foundtohavelowsensitivityas comparedto MPI(64.71%
Vs 73.53%). However, in presence of associated abnormalities like
hyperventilation and hyperkalaemia its sensitivity is more than
MPI. Therefore, combination of hyperlactemia, hyperkalaemia and
hyperventilation can be considered as a better tool in predicting
severe complications following SBP. Apart from sensitivity, MPI is
also cumbersome to use as it relies on number of preoperative
and intraoperative findings. Based on above observations, we
recommend combined use of arterial lactate, serum potassium
and respiratory rate as predictor of outcome in patients with SBP.
But this study has its own limitations. The number of patients
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with abnormal potassium levels (>5.5 meq/l) and increased
respiratory rate(>20/min) were very less. Therefore, large
multicentric studies on similar group of patients is required
before contribution of these parameters in predicting severe
complications can be established.

Conclusion

Combination of hyperlactemia, hyperkalaemia and

hyperventilation are an effective tool in predicting severe
complications in patients of secondary peritonitis following SBP.
Large multicentric studies are however, needed to further validate
this before it can be routinely used to predict outcome.
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