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	Study
	Study design
	Study population-methods summary
	Results-Outcomes
	Comments-quality assessment

	Gastric lavage for hemostasis

	Palmer 1969 [19]
	Prospective, observational, uncontrolled
	1400 patients with severe UGIB (age 14-94). Multi-center. Active bleeding was defined as hematemesis or bloody gastric lavage. The same diagnostic approach was used for all patients, including pre-endoscopic ice-water lavage.
	“Preexamination ice-water lavage of the stomach by Ewald tube and syringe proved remarkably effective for control of active hemorrhage”
	The lack of a control group heralds any interpretation of Palmer’s observation given that UBIG usually stops spontaneously.

	Leather et al 1987 [17] 
	Review
	Review of human and animal studies of gastric cooling and gastric lavage for hemostasis
	No randomized or prospective controlled study in humans. No evidence of benefit (and evidence of potential harm) in small controlled animal studies.
	We selected to cite this review in lieu of citing several small low quality studies(e.g. small animal studies or uncontrolled human studies).

	Gastric lavage for better endoscopic visualization

	Lee et al 2004 [23]
	Randomized controlled trial
	38 patients with UGIB (defined as hematemesis, melena or bloody nasogastric aspirate) were randomized to endoscopy alone (n=20) or pre-endoscopic gastric lavage (n=18). The quality of endoscopic visualization was assessed as excellent, good, fair, poor, or very poor.
	Significantly better endoscopic visualization of the gastric fundus but not of the esophagus, gastric antrum or duodenum. No difference in outcomes (localization of the bleeding source, achieving hemostasis, need for repeat endoscopy and length of hospital stay).
	Abstract only.  We could not find a pre-registered trial protocol. Not enough information to assess for risk of bias. Very small number of patients. The study was underpowered to detect any difference in outcomes.

	Pateron et al 2011 [26]
	Prospective, randomized controlled, superiority trial, intention-to-treat analysis, multicenter (6 Emergency Departments)
	253 patients, >18 years old, presenting with recent (<12hours) hematemesis or melena were randomized to: erythromycin group-ER (n=84), nasogastric group-NG (n=85), and nasogastric-erythromycin group- NGER (n=84). Endoscopic visualization was assessed based on a sum score of the quality of visualization of 4 areas (fundus, corpus, antrum, bulbus).
	No significant differences between groups in endoscopic visualization and other secondary endpoints (number of endoscopic hemostasis procedures, ability to identify the source of bleeding, adverse effects related to erythromycin infusion or nasogastric tube placement, number of transfused blood units, rebleeding, and death), suggesting that erythromycin alone may be a good substitute of gastric lavage.
	The secondary endpoints were more clinically meaningful than the selected primary endpoint (quality of endoscopic visualization). The definition of “satisfactory” visualization was arbitrary and not based on clinically useful endpoints (e.g. ability to identify and control the source of bleeding). The study was registered in ClinicalTrials.gov (NCT01716572). Low risk of bias but the study was underpowered for the secondary outcomes. See table 3 for risk of bias assessment.

	Nasogastric aspiration for localization of bleeding

	Luk et al 1979 [27]
	mostly retrospective 
	1033 patients retrospectively studied. 157 prospectively studied. GI bleeding defined as hematemesis, melena or hematochezia. Only patients with severe bleeding were included (hematocrit drop>5% or requirement for blood transfusion) and only patients who had NGA performed. All patients had a detailed evaluation for identification of the site of bleeding and a clear definition on identifying a lesion as the cause of bleeding is described.  A positive aspirate was defined as the presence of more than 10ml gross blood, more than 30ml of pinkish fluid with at least a fourth of the volume filled with flecks of blood, or more than 30ml of dark fluid that was strongly positive for occult blood.
	Most patients with a positive aspirate had UGIB (777 of 837), whereas no patient with LGIB had a bloody aspirate. Conversely, 60% (211 of 352) of patients with negative aspirate had LGIB, while only 1% (3 of 353) had UGIB (all 3 had a duodenal ulcer). 
Diagnostic characteristics of positive NGA for identifying UGIB:
Sensitivity 99.6%, Specificity 85.4%, PPV 93.3%, NPV 99.1%.
Of note is that 70% of patients had a positive aspirate and 65% of patients had UGIB, while 16.7% of patients remained undiagnosed (39% of those with negative aspirate)
	At high risk of bias with concerns regarding applicability. QUADAS-2 assessment on Table 2.
Of note is the high NPV in this study compared to other studies. This may be explained by the following factors: 1) only patients with severe gastrointestinal bleeding were studied, 2) the study was mostly retrospective and only patients who had NGA performed were included. These patients may have been more likely to have a positive aspirate, 3) the study did not exclude patients with hematemesis (i.e., patients with a clinically apparent UGIB lesion), 4) upper endoscopy was not performed in many patients with a negative NGA, therefore potentially underestimating the prevalence of UGIB in those with a negative aspirate

	Jensen et al 1988 [39] and Laine et al 2010 [40]
	Prospective observational and 
Randomized controlled trial
	Two studies evaluating the role of urgent colonoscopy in patients with severe hematochezia. Although not designed to assess nasogastric intubation, these studies provide important information regarding the negative predictive value of nasogastric intubation in patients with hematochezia
	UGIB was found in 11% [25] and 15% [26] of patients with severe hematochezia and a non-bloody aspirate.
	The objectives of these studies were irrelevant to this review. However, the observation of a high rate of UGIB in patients with severe hematochezia and negative NGA is important.

	Witting et al 2004 [28]
	Retrospective
	220 patients admitted to 2 hospitals due to GI bleeding (black, dark or bloody stools) but no hematemesis who had NGA attempted. Excluded if: ostomy, obvious anorectal source, hospitalization for GI bleeding within one month, dark stools in patients receiving iron therapy (unless NGA aspiration was performed). Detailed definitions for NGA appearance. Patients with aborted NGA were counted as a negative result. Clear criteria for classifying a lesion as the source of bleeding. 
	235 patients had NGA, 15 refused. 23% had a positive NGA, 78% negative (including aborted NGA). Only 27% of patients had a “definite” source of bleeding.
A positive NGA had 42% sensitivity (32-51), 91% specificity (83-95), 81% PPV (69-90), 61% NPV (53-68) for identifying UGIB.
The parentheses indicate the 95% confidence interval
	At risk of bias with concerns regarding applicability. QUADAS-2 assessment in Table 2 (+ Witting et al provide a detailed discussion of the limitations of their study). Note the lower positive yield of NGA compared to studies including patients with hematemesis.

	Cappel 2005 [29]
	Retrospective
	125 patients who underwent NGA within 30 days of myocardial infarction. Indications for NGA:  melena (n=55), hematemesis (n=18), bloody (n=8) /maroon (n=7) stools, positive fecal occult blood test accompanied by acute hematocrit decline or severe anemia or hypotension (n=37). NGA aspirates with only a few milliliters of pinkish fluid or a few flecks of blood material that immediately cleared with NG lavage were considered clear. Definition of bleeding lesions: active bleeding, stigmata of recent bleeding, or obvious significant lesion
	NG appearance: bloody 33%, coffee-grounds 39%, clear 27%.
After exclusion of patients with hematemesis a positive NGA (bloody or coffee-ground) had 84% sensitivity (70-93), 82% specificity (57-96), 93% PPV (81-98) and 64% NPV (43-80) for predicting active bleeding, stigmata of recent bleeding, or obvious significant lesion (data from the meta-analysis of Palamidessi et al [29] presented below) 
	The primary objective of the study was to evaluate the safety of NGA in this high-risk population. Furthermore, post-myocardial infarction patients have a higher prevalence of UGIB compared to the general population presenting with gastrointestinal bleeding, therefore limiting the applicability of the results regarding the diagnostic value of NGA.  QUADAS-2 assessment in Table 2.

	Witting et al 2006 [30]
	Retrospective 
	333 patients admitted due to GI bleeding without hematemesis. A rule based on clinical parameters was developed and compared to NGA for predicting the site of bleeding.
	220 patients with NGA results available. NGA sensitivity 42%, specificity 91%, positive likelihood ratio 11.1, negative likelihood ratio 0.56.

	At high risk of bias. QUADAS-2 assessment in Table 2
A rule based on 3 factors (age<50, BUN/creatitine≥30, black stools) for predicting UGIB performed better than NGA.

	Byers et al 2007 [38]
	Prospective
	Consecutive patients >18 years old presenting to the Emergency Department with bright red or maroon stools. Patients with melena or hematemesis were excluded. Positive NGA defined both visually (bright red, dark clots, coffee-grounds) and chemically (positive Gastrocult test). If there was any question that the presence of blood in the initial aspirate was traumatic in origin, only the post-lavage aspirate was used to determine a positive aspirate.
	11 of 114 patients had a positive NGA. Endoscopy in 9 of these 11 patients revealed upper GI lesions (the other 2 did not have an endoscopy because the positive aspirate was thought to be traumatic). The diagnostic value of NGA cannot be assessed as only patients with positive NGA had an upper endoscopy. Traumatic NG intubation was noted in 17 of 114 patients.
	Although endoscopy results were available for only a fraction of the eligible patients this study showed that a significant percentage of patients with hematochezia (without melena or hematemesis) have UGIB. QUADA-2 assessment on Table 2.

	Palamidessi et al 2010 [31]
	Literature review and metaanalysis
	Review of the literature regarding the diagnostic value of NGA/NGL for identifying UBIG in patients presenting with hematochezia or melena but without hematemesis. Three studies were included. Although 2 of the studies included patients presenting with hematemesis, such patients were excluded from the analysis.
	Aljebreen et al 2004: 68% sensitivity, 54% specificity, 41% PPV, 78% NPV.  
Cappell 2005: 84% sensitivity, 82% specificity, 93% PPV, 64% NPV. Witting et al 2004: 42% sensitivity, 91% specificity, 81% PPV, 61% NPV. 
The parentheses indicate the 95% confidence interval.
	The three included studies are assessed separately elsewhere.
Note that the study of Aljebreen et al was designed to evaluate the diagnostic value of NGA for detecting HRL (not for differentiating UGIB versus LGIB). This explains the low PPV compared to the rest of the studies evaluating NGA for localization of the site of bleeding.

	Kessel et al 2016 [32]
	Retrospective
	386 patients admitted due to melena (without hematemesis, coffee-ground or rectal bleeding).
	28% of patients had a positive aspirate (bloody or coffee-ground), 72% a negative aspirate. 28% sensitivity, <1% NPV.
	At high risk of bias with concerns regarding applicability. QUADAS-2 assessment in Table 2.

	Nasogastric aspiration to identify high risk patients

	ASGE survey 1981 [34], [37]
	Prospective, observational
	Data for consecutive patients referred for UGIB were prospectively collected from ASGE members.  1498 patients had information for both NGA and endoscopy. Active bleeding was defined as oozing or pumping
	For predicting active bleeding:
Red blood NGA: 61% sensitivity, 63% specificity, 48% PPV, 74% NPV.
Red blood or coffee-ground NGA: 94% sensitivity, 19% specificity, 40%PPV, 84% NPV.
Red blood NGA was associated with worse outcomes.
	For QUADAS-2 assessment see Table 2.

	Cuellar et al 1990 [33]
	Prospective, diagnostic study
	62 consecutive patients admitted to 2 hospitals with UGIB defined as an acute drop of hematocrit of at least 0.05 (n=62) and hematemesis (n=26), melena (n=44) or bloody nasogastric aspirate (n=26). All patients underwent NGA immediately before endoscopy. NGA was described as grossly bloody, slightly bloody, coffee ground or whitish/yellow-green.
	Grossly bloody aspirate: 67% sensitivity, 74% specificity, 62% PPV, 78% NPV.
Grossly or slightly bloody aspirate: 83% sensitivity, 58% specificity, 56% PPV,  85% NPV. 
26% of patients had a grossly bloody aspirate, 16% slightly bloody, 13% coffee-ground, 29% whitish/green-yellow. 38.7% had active bleeding.
	Low risk of bias and low concern regarding applicability. QUADAS-2 assessment on Table 2.
The same physician that assessed the nasogastric aspirate also performed the endoscopy, which may have introduced some observer bias, although the definition of the outcome was objective.

	Adamopoulos et al 2003 [41]
	Prospective observational.
	Internal derivation cohort: 190 consecutive patients with UGIB (hematemesis, coffee-ground, or melena)
External validation cohort: 110 consecutive patients.
All patients underwent endoscopy within 12 hours.
Active bleeding= spurting, oozing
	Derived score: Number of points= 6 (if fresh blood in NGT) + 4 (if haemodynamically unstable) + 4 (if haemoglobin<8 g/dl) + 3 (if WBC>12 000/μl).
Validation cohort: 98.6% NPP for a score<7, 96% PPV for a score>10.
	At high risk of bias + concerns regarding applicability. See Table 2 for QUADAS-2 assessment.

	Aljebreen et al 2004 [36]
	Retrospective
	520 patients with non-variceal UGIB (presenting with hematemesis, melena, hematochezia) who underwent NGA and subsequent endoscopy. HRL= spurting, oozing or visible vessel. NGA was described as coffee ground, bloody, clear/bile or other
	Bloody NGA: 48% sensitivity, 76% specificity, 45% PPV and 78% NPV
Bloody/coffee-ground NGA: 80% sensitivity, 31% specificity, 33% PPV, 79% NPV.
NGA appearance: bloody n=163, coffee-ground n=213, clear/bilious n=68.
183 patients presented with hematemesis.
	For QUADAS-2 assessment see Table 2.

	Srygley et al 2012 [42] 
	Meta-analysis
	8 studied testing methods to identify UGIB. 18 studies testing methods to identify severe UGIB (defined as high-risk endoscopic stigmata on endoscopy, 
endoscopic therapy, blood
transfusion, radiological intervention,
or surgery.
	Bloody or coffee-ground NGL was predictive of UGIB (vs LGIB) (Likelihood ratio 9.6; 95% CI, 4.0-23.0). A bloody NGL was associated with severe UGIB (Likelihood ratio 3.1; 95% CI, 1.2-14.0).
	High-quality meta-analysis with clearly formulated review question, predefined study eligibility criteria, comprehensive literature search and detailed description of included studies’ characteristics.

	Chen et al 2014 [43] 
	Retrospective
	1677 patients with hematemesis, melena or hematochezia within 24 hours before admission who had an upper endoscopy. HRL= spurting, oozing or visible vessel.
	NGA evaluation was a significant predictor of HRLs in the univariate analysis but not in the multivariate analysis including the timing of endoscopy as a variable.
	We cited this study to further demonstrate that the timing of endoscopy is associated with the likelihood of finding a HRL. Therefore, it is a variable that should be taken into account when judging studies evaluating NGA for prediction of HRLs

	Dakik et al 2017 [44]
	Retrospective
	393 patients with UGIB (hematemesis, melena, coffee ground emesis, or bright red blood per rectum in the appropriate setting (i.e., a brisk GIB as evidenced by hemodynamic changes and hemoglobin drop))
	NGA had little additional value to GBS score for predicting low risk patients (i.e. patients without significant UGIB defined as “significant UGIB” as: high-risk stigmata, blood transfusion, surgery, or death.) although it did increase the NPV from 90% to 97%.
	In contrast to other studies this study focuses on identifying low-risk patients. See Table 2 for QUADAS-2 assessment.

	Nasogastric aspiration/lavage and outcomes

	Lin et al 1996 [43]
	Randomized
	325 consecutive patients with peptic ulcer bleeding (218 with clear NGA, 77 with coffee-ground NGA, 30 with bloody NGA) were randomized to early (within 12 hours) or delayed endoscopy.
	Only patients with a bloody NGA benefited from earlier endoscopy (mean blood transfusion 450ml vs 666ml, shorter mean hospital stay), suggesting that NGA can help identify patients that could benefit from earlier endoscopy.
	We could not find a pre-registered trial protocol and we did not have access to the full-text. The number of patients in the bloody aspirate group (the only group that benefited) was very small, possibly introducing some bias. Given the small sample the mean values reported might have been influenced by outliers unequally distributed between patients with early vs delayed endoscopy.

	Lee et al 2004 [23]
	Described above
	Described above
	No effect on outcomes
	Described above. Too small number of patients to detect a difference in outcomes.

	Huang et al 2011 [48]
	Retrospective,
Propensity matched
	632 consecutive patients with GI bleeding were analyzed for the derivation of a propensity score for the placement of nasogastric tube. A long pre-defined list of variables that may have affected patient management was considered. Subsequently 193 patients that underwent NGL were matched to 193 patients without NGL.
The procedure for nasogastric lavage was not defined/described.
	Comparing no-NGL to NGL (OR or difference, 95%CI)):
30-day mortality: 0.84 (0.37-1.92),   length of hospital stay: 0.8 (-1.4 to 3), 
surgery: 1.51 (0.42-5.43), 
number of transfusions units: -0.18 (-0.98 to 0.62).
NGL was associated with more endoscopies performed (OR 1.94; 95% CI, 1.33-2.81) and earlier time to endoscopy (hazard ratio 1.46; 95% CI, 1.12-1.89).
	Well-designed study of high quality 
NOS =8. The study included predominantly male and white population and therefore may not be representative of the general population. Despite the vigorous methodology for matching patients, the retrospective design is still an important limitation. The clinicians’ practice styles or patients’ personalities, i.e., confounders that may have affected the timing of endoscopy, could not be taken into account. Therefore, interpretation of the association of NGL with earlier endoscopy should be cautious.


	Rockey et al 2017 [24] 
	Randomized pragmatic, single-blinded, non-inferiority trial.
	280 patients >18 years presenting within 48 hours of UGIB (defined as hematemesis/melena + abnormal hematocrit or a decrease of hematocrit>4 points) were randomized to NGL or control. Attending physicians were asked to predict the likelihood of a HRL (spurting, oozing, visible vessel, red signs) on a continuous scale (0-100%) before and after NGL. Setting: teaching hospital.
	“Routine NG placement did not improve physician’s predictive ability, did not affect outcomes (rate of rebleeding and mortality), and was complicated in one-third of patients”. “The presence of coffee grounds or red blood in the NG aspirate did not change physician assessments.” A HRL was found in 19 of 79 (24%) patient with non-bloody NGL, 9 of 20 (45%) with coffee-ground and 17 of 30 (57%) with bloody NGL.
	How the appearance of NGL would alter management (i.e. timing of endoscopy) or prediction of HRLs was not defined and was left to overall clinical judgement, complicating the interpretation of the study and affecting its generalizability to other settings (non-teaching hospital). The study was registered in ClinicalTrials.gov (NCT00689754). See Table 2, Table 3, and main text for assessment of risk of bias and further discussion

	Safety of nasogastric aspiration in patients with esophageal varices

	Palmer 1969 [19]
	Described above
	Described above
	No harm was observed from peroral manipulation to bleeding (n= 262) or non-bleeding (n= 116) varices.
	How “harm” was defined or assessed is not reported. 

	Lopez-Torres 1973 [56]
	Prospective, observational
	24 consecutive patients with UGIB and esophageal varices.
	No bleeding occurred due to nasogastric intubation
	Small number of patients to detect a possibly rare adverse effect.

	ASGE survey 1981 [34,37]
	Described above
	Described above
	variceal bleeding as a complication of endoscopy was reported in 3 patients, including 1 death, from a total of 2320 endoscopic examinations
	How variceal bleeding was attributed to endoscopy in these patients is unclear.

	Ritter et al 1988 [55]
	Prospective, observational
	75 patients with end-stage liver disease. A nasogastric tube was placed preoperatively in all patients
	No episode of variceal bleeding. 14 of 75 patients did not have varices. 23 had Grade I varices, 24 Grade II varices and 14 with Grade III varices.
	Small number of patients to detect a possibly rare adverse effect. Even smaller subgroup of patients with high Grade varices.

	Cabre et al 1990 [57], de Ledinghen et al 1997 [59],
Cabre et al 2000 [58] 
	
	Three small studies regarding enteral nutrition (through nasogastric tube) in cirrhotic patients [56-58] cited by ESPEN to support the safety of nasogastric intubation in patients with esophageal varices.
	Although not statistically significant, a higher rate of variceal bleeding was reported in 2 of the studies [57-58] in patients undergoing nasogastric intubation
	Small studies with insufficient power to detect a difference. Allocation to a different treatment rather than nasogastric intubation may be associated with the risk of treatment. None of the episodes of variceal bleeding occurred directly after nasogastric intubation

	Pateron et al 2011 [26]
	Described above
	Described above
	About 35% of patients had variceal bleeding. No evidence of worsening of bleeding in the nasogastric tube groups compared to erythromycin alone
	Small number of patients to detect a possibly rare adverse effect.


Abbreviations: HRL= high risk lesion, GBS= Glasgow-Blatchford score, GI= gastrointestinal, LGIB= lower gastrointestinal bleeding, NGA= nasogastric aspiration, NGL= nasogastric lavage, NOS= Newcastle-Ottawa quality assessment Scale (see supplementary PRISMA checklist), NPV= negative predictive value, PPV= positive predictive value, QUADAS-2= a tool for Quality Assessment of Diagnostic Accuracy studies (see supplementary PRISMA checklist), UGIB= upper gastrointestinal bleeding, 
