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Abstract
 
Introduction
Small bowel obstruction is a surgical emergency that requires prompt diagnosis and intervention. It presents with high mortality and morbidity rates. The United Kingdom conducted an audit of small bowel obstruction which provided them a protocol of using Computed tomography scan has it helps in diagnosis. The early introduction of Gastrograffin reduces the need for surgery. It is a water soluble contrast which really produced astonishing results over the last decade which has been upgraded into Bologna Guidelines in the management. It is on WHO list of essential medicines.
Methods:
We conducted an extensive literature search on PubMed database to find out all the related studied and articles on Gastrograffin role in small bowel obstruction (SBO. The search was performed on January 15th 2022. Once we applied the inclusion criteria, relevant studies were included clinical trials, meta-analysis, randomised control trials and review articles. It also included the articles published in the last five years.
Discussion:
The management of small bowel obstruction is classified into conservative and surgical. The role of Gastrograffin which falls under conservative management compares and measures the outcomes of various factors such as mortality, morbidity rates, length of hospital rate and rate of bowel resection. It also evaluates Pre and Post protocol use of Gastrograffin in patients.
Results:
It concludes that Gatsrograffin really has been strong association in the management of small bowel obstruction in comparison to surgical management. It helps in hypothesising a protocol of Gastrograffin at various institutes would help in the treatment of small bowel obstruction.

Introduction:
Let the sun never set or rise on a small bowel obstruction.
Adage expressing urgency for early operation to avoid possible fatality
                                                                                          -Georg Friedrich Louis Stromeyer (1804-76)
Small bowel Obstruction
Small bowel obstruction is a surgical emergency that requires prompt diagnosis and intervention. It presents with high mortality and morbidity rates. There are various causes such as malignancy and abdominal wall hernias. Adhesions are found to be the leading cause of small bowel obstruction [1].
Small bowel obstruction typically presents with features of abdominal pain, distension, vomiting, nausea and constipation. A detailed history include previous surgeries and examination like swellings, scars and tenderness would aid in diagnosis. The role of imaging such as Plain abdominal X-Ray and Ct would help to establish an accurate diagnosis [2, 3].
There are two types of approach for management: 1.Conservative 2.Surgical .Comparing the two the conservative approach should be followed before surgical due to minimally invasive techniques. Conservative approach includes- nil per oral, IV fluids and administration of gastrograffin through Nasogastric tube should be administered once after decompression of stomach. It is been said it has dual role being as both therapeutic and diagnostic agent due to its osmic effect [4].
Gastrograffin
The United Kingdom conducted an audit of small bowel obstruction which provided them a protocol of using Computed tomography scan has it helps in diagnosis [5]. The early introduction of Gastrograffin reduces the need for surgery. Surgical management is considered only in features of strangulation, malignancy and ischemia and not resolved within 72 hours of initial treatment.
Gastrograffin also known as Diatrizoate which is a water soluble contrast which really produced astonishing results over the last decade which has been upgraded into Bologna Guidelines in the management . It is on WHO list of essential medicines [6].










The need of this review

The role of gastrograffin in the management of small bowel obstruction without the features of strangulation, ischaemia has its own benefits and disadvantages. Recent advances in small bowel obstruction have changed tremdously in shift towards mainly in figuring out the patient who require conservative or surgical approach and also the introduction of the water soluble contrast substances in management of patients which would affect various outcomes such as exploration, length of hospital stay, morbidity and mortality rates, and recurrence. Most of the studies suggest that gastrograffin are really producing astonishing numbers as both as diagnostic and therapeutic 

The main aim of the research paper is to find out effective is gastrograffin in the management as both diagnostic and therapeutic purposes in association with small bowel obstruction by looking at various types of studies. Therefore, it helps to ascertain whether it could be recommended using this agent for the surgical condition 

Methods 
We conducted an extensive literature search on PubMed database to find out all the related studied and articles on Gastrograffin role in small bowel obstruction (SBO) using the search terms conservative , therapeutic , gastrograffin , medical ,surgical ,laparoscopic approach ,adhesive small bowel obstruction and water soluble contrast. The search was performed on January 15th 2022. Once we applied the inclusion criteria, relevant studies were included clinical trials, meta-analysis, randomised control trials and review articles. It also included the articles published in the last five years. Articles with small bowel obstruction diagnosis were included and those with pregnant, paediatric population and topics which were not relevant to the study were excluded. We used a scale for the narrative review articles (SANRA) guidelines for the appraisal of these articles








Discussion 
Pathogenesis of Small bowel Obstruction

                                                                  Accumulation of swallowed air, secretions from the intestine and gas released by bacterial fermentation



    Dilation of small bowel




Leads to elevated intraluminal pressure



Reduced blood supply to bowel



Accumulation of transudate fluid and edema into the lumen




Further compromise leads to ischemia and gangrene




Eventually leads to perforation




Figure 1: Illustrates the pathogenesis of small bowel obstruction and complications


Operational or non-operational management of SBO is better?
Treatment of small bowel obstruction can be operative (OM) or non-operative (NOM). Surgery is reserved for unstable patients or patients with the risk of strangulation and on those with no relief in the symptoms. Operative management was the preferred method in the treatment of severe small bowel obstruction and strangulation. Non operative management for SBO is by using intravenous fluid, nasogastric suction and gastrograffin. Studies show that 75% of acute small bowel obstruction can be treated none operatively.
A systematic review performed on conservative management of small bowel obstruction from the period of 1995 to 2020 by [7], Tze W W Yang, et al. on three different databases which studied 6 observational studies.It mainly looked at the positive and negative reviews and also looked at the mortality and morbidity rates and the causes. It was classified into two groups 1)205 sample size in NOM and 2) 211 in operative group. The studies showed which was better compatible in the non-operative side with greater achievement around 95.6% efficient and 3.1 %decreased morbidity and found that there were no deaths. The paper conveyed that conservative approach is useful for patients without features of obstruction and found that adhesions are leading cause of this obstruction.
A systematic review studied over 4873 studies by [8], Lucas W Thornblade, et al. The study was conducted from 1990-2020 with shortlisting 29 cohort studies. Out of which 4 of the studies compared the conservative treatment and early intervention for surgery. It mainly focussed on the rate of bowel resection and Length of stay in hospital .1) It was found that rate of bowel resection was higher in operative group compared to conservative group and the treatment was around 58%. 2) Length of study was found to be 1.3 day difference between the groups .3) Mortality of 2% in both the groups. It concluded that there is a major shift towards conservative treatment but lack of studies comparing early intervention and operative management.
A systematic reviews studying the RCT conducted in 2017 by [9], Shahab Hajibandeh, et al. It included observational studies and measuring the results of the management modalities in SBO. The risk for bias score was calculated by Ottawa and Cochrane scale. Out of 876 patients the statistics showed that operative has lesser number of recurrence and higher number of mortality and complications. Features of strangulation would have a decisive factor .Features of strangulation in the operative group showed higher mortality and lesser recurrences. Features of strangulations when found low showed difference only in the recurrence .It also told the surgery should rely on the factors such as comorbidities and +/- strangulation and surgery is the best option for strangulation.
The above mentioned studies are systematic reviews which are similar studied about the efficiency of conservative management which was higher and mortality and morbidity rates were on the lower side which concluded the recent trend towards non-operative side. The last study which was systematic review of randomised controlled trial which was conducted recently in comparison to the other studies  showed a non-operative management as the best option for the management of SBO if the patient is stable and has no signs of strangulation. The study showed operative management was associated with higher risk of complications and mortality. Suspicion of strangulation was the key factor was found to be higher in operative group with less recurrences and higher risk of complications and mortality. The only concern with NOM is the risk of recurrence of SBO.

How does gastrograffin influences on various factors?
Gastrografin –water soluble contrast agent which is a radio opaque substance has modified the therapeutic approach of management .It is hypertonic substance which is given orally by nasogastric tube used as diagnostic as well therapeutic tool. Usually after administration of gastrograffin patients are closely followed up by Plain abdominal x-rays to visualise the passage of contrast to the caecum results in resolution of small bowel obstruction .If there is no visualisation of the contrast caecum after monitoring over a period of time would require surgical management [10-13].
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Figure 1.Depicts the molecular and structural formula of Gastrograffin-water soluble contrast-Diatrizoate meglumine

A study which was done from the time period from 2015 to2018 by [14], S E Larichev, et al. It included 128 patients which assess the link between management options including CT scan, NG tube for decompression for stomach with a contrast study. They were classified into two sectors 1) Patients with adhesive small bowel obstruction underwent NG tube decompression and water soluble contrast to study the resolution of SBO.2) these were followed with addition of CT scan. It showed the therapy was found to be successful in 71.2% patients  morbidity and mortality were significantly reduced .The study concluded that that Ng tube decompression followed by Water soluble contrast was the most successful treatment for ASBO.A meta-analysis of randomised controlled trial was done by [15], Amanda Koh, et al.  From January 2000 to November 2018.It included databases of PubMed, Embase, and Cochrane. The assessment included hospital stay and resolution time period, requirement of surgery and mortality rates were included in the criteria. It consisted of 872 patients .It showed the contrast reduces the hospital stay (P<0.0001) and does not influence the need of surgery (p<0.009).It doesn’t affect the mortality rate (P<1.000). There are various factors that depend on the resolution of obstruction are passage of wind, nil abdominal pain and start oral intake. It concluded saying the contrast has its own potential therapeutic value without no difference in need for operative management and mortality rates
These studies which were done over around 2018 which studied the conservative management found that Nasogastric tube decompression followed by gastrograffin produced exceptional results and the other study concluded that it reduces the length of hospital stay. However, the role of gastrograffin on mortality and need for intervention is still controversial and still requires further studies to explore in detail.



A randomised control trial was conducted by [16], Hamid Reza Khorshidi, et al. in the year 2016. It consisted of 52 patients with age around 37-81 years. The inclusion criteria was patients with diagnosis of Adhesive small bowel obstruction. It looked at therapeutic value and studied the predictors for failed conservative treatment. The subjects were given gastrograffin and abdominal x-ray was taken. It was found that 80.8% was successful from case group and was around 13% higher than control group (p=0.004)
It was also found the hospital stay was lower in this group. The study concluded that gastrograffin is successful in management of ASBO. The factor which showed failure for the treatment was previous laparotomies (p<0.001) [17], S Biondo, et al. Conducted randomised controlled trial, from a time period of February 2020 to November 2021. With 83 patients. They were classified into two groups 1) case who were given gastrograffin 2) control groups were managed conservatively.Inclusion criteria consist of signs characterises of Postoperative adhesion sBO. Those who failed to have resolution of SBO or had strangulation or gastrograffin failed to reach colon in24hr required operative management. It was found that conservative treatment was found to be 85.6% .The study concludes that gastrograffin helps in management as well reduced hospital stay.

The two randomised controlled trial studies which were quite similar have inclusion criteria of diagnosed with adhesion small bowel obstruction received gastrograffin and showed around 80-85% success rates with contrast agent. The only exception which was previous laparotomies did not respond to treatment.

[18], Yasuyuki, et al. conducted a retrospective study from January 2008 to December 2015.This study included 828 patients. The inclusion criteria were cases with adhesive small bowel obstruction managed with contrast and x-rays taken 5 hours later.
They were classified on basis of the virgin abdomen .The study was to assess the effect of the contrast .13% of virgin abdomen and 15% of the non-virgin abdomen underwent exploration. It also mentioned that no changes seen in timing of NG decompression and restarting oral intake. It concluded that the contrast was successful in managing SBO in virgin abdomen



Why gastrograffin protocol is important for the management of   SBO? 
Pre-protocoling gastrograffin did not have much results to have but after utilising the water soluble contrast as protocol showed many differences, The value of hypothesising a protocol for gastrograffin at institutions would decrease the risk of bowel ischaemia ,hospital stay and the need for surgery 
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Figure 2 demonstrates the flowsheet of management –conservative and surgical management of small bowel obstruction  


A study conducted by [19], Anna Weiss, et al. at Kaiser Permanente San Diego by   from the time period of 2013-2015.This was a prospective study which had included small bowel obstruction due to adhesions and excluded the other causes apart from adhesions. This focussed on designing a protocol for the contrast agent. The protocol was outlined in detail which consist of Ng tube decompression, iv fluids and the contrast .X-ray films are done to look at the colon for the contrast in 24h which decides the mode of management .The study consisted of 715 patients. Out of which 163 patients resolved within 24 hr and 96% on the protocol. The study concluded saying that the protocol have decreased the length of stay and reduced duration to surgery. Another retrospective review conducted in the year 2010 to 2018 by [20], Luke Dombert, et al. The study included 767 patients and was differentiated into pre and post protocol groups. The study assessed the association of hypothesizing a protocol using contrast for management of small bowel obstruction. The factors which were compared was the length of stay and significant difference between both the groups (p<0.001) and also reduced in non-operative group (p<0.001).It was also studied that timing to surgery since admission was decreased in the post protocol group (p<0.050).The study concluded that contrast has been used in management of both the groups .It also reduced the risk of bowel ischaemia and need for surgery due to decrease time from admission to surgery.
A prospective cohort study by [21], Colleen M Trevino, et al. was done in 2019.It excluded patients with history of abdominal surgery it compared the patients who had small bowel obstruction after administration of water soluble contrast. Results showed that decreased ratio of patients receiving surgery (p<0.05) and hospital stay by 1.35 days It concluded that the using protocol using contrast showed lesser hospital stay and for surgical management. A prospective observational study was done by [22], Martin D Zielinski, et al. comparing with the institution protocols with and without gastrograffin. The study included were 316 patients and 53% was male in population. Internal/external hernia, strangulation, history of malignancy involving abdomen and pelvis or surgery within 6 weeks .It classified into two groups and found that 75% passed in GG group. There could not be any difference s in time of obstipation /small bowel faces sign .Bowel resection was found to be P<0001 and exploration was p<0.0001 The study concluded that bowel resection and exploration rate was lower in gastrograffin group and decreased hospital stay.

A total of 4 studies including 3 prospective and one retrospective study looked at the importance of formulating a protocol for the management of small bowel obstruction. These studies divided the groups into two 1) pre-protocol and 2) post-protocol with and without gastrografffin. All these articles showed similar results suggesting that post-protocol followed by contrast had reduced rates of bowel resection, decreased hospital stay and the need for exploration was found to be very low,

Timing of gastrograffin

A retrospective study conducted from 2016 to 2018 by [23], Ryan B Cohen, et al. It included the patients with adhesive small bowel obstruction that underwent gastrograffin. This study asses the early or late timing that could impact the management of adhesive small bowel obstruction. They were classified into operative and non-operative groups.  The study included 134 patients. The results suggested that non operative group had less hospital stay, lesser complications and mortality rate (P<.05). The study concluded that within 12 hour administration of gastrograffin results in good prognosis of the condition including length, complications and mortality rates. It also suggested early gastrograffin has better effect that needs to be protocolled in management.A post hoc analysis was performed at Eastern association of surgery and trauma by [24], Michelle B Mulder, et al.  In 2019.The study consisted of 286 patient. Out of which 208 received gastrograffin .It study the diagnostic and therapeutic effect of gastrograffin for partial small bowel obstruction .It was mentioned that successful conservative management included passage of wind and failed when it required surgical procedure. Those who had gatsrograffin (73%) were treated without any operations. Out of which 29% underwent decompression of stomach (n=54) and passed wind after 48 hours (n=34).(n=28 required both decompression as well pass wind. The study concluded even though the patients took more than 48 hours top pass wind in spite of gastrograffin still did not require any operative management

These studies which were around 2018 aimed to look into the timing of gastrograffin for the management of small bowel obstruction. One of it which was retrospective study suggested that earlier the administration of gastrograffin is better for treatment. The other study which looked the timing of resolution of small bowel obstruction more than 48 hours would not warrant any surgical management.

GGF contradictions
Gastrograffin which has iodine content should be avoided in patients who is allergic to the iodine substances. It should be avoided in patients who have low plasma volumes –new-borns, dehydration, infants which could pose serious problems. Failure of gastrograffin to reach the caecum would results in operative approach
This randomised controlled trial by [25], Michel Scotté, et al. was conducted from time period October 2006-Augsust 2009.Total of 242 patients were involved. Inclusion criteria were uncomplicated adhesive small bowel obstruction were subjected to gastrograffin. It compared various factors such as mainly intervention within 48 hours and other factors. They suggested that rate of intervention was round 20-25% and bowel resection rate was 8% .Age was the significant cause for the unsuccessful non-operative treatment. It could not influence rate of operative intervention or length of hospital stay. This study concluded that Gastrograffin is of not valuable in management 
From the above study this has concluded that gastrograffin is not of great help in management which requires further more studies to prove the fact it could not be in valuable for management. Hence more there are very few studies which suggest the failure rates of gastrograffin, it would be to recommend and study further in detail


Limitations
One of the limitations of this review paper is that the lack of more randomised control trials. It is recommended to involve these trials to have well established results.

Conclusion
The main aim of the paper was to find the importance of gastrograffin as a diagnostic and therapeutic agent in the management of small bowel obstruction. Gastrograffin which is a oral water soluble agent which helps us to resolve small bowel obstruction as well helps in diagnosing small bowel obstruction in X-ray. Our review from various studies shows that role of gastrograffin as a conservative approach has better encouraging results in comparison to surgical management. However in certain cases including strangulation, ischemia and peritonitis surgery is the go to option it is much better to start with gastrograffin. The study also benefits that water soluble agent influences various factors such as mortality, morbidity and length of hospital stay and need for surgery. It also tells the importance of creating a protocol for gastrograffin in institutions that would be useful in the management .One of the future recommendations is that more studies have to be done in order to find out post laparotomies how effective is the contrast agent.
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