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Abstract
Patients with liver cirrhosis are fragile and present specific clinical hallmarks. When undergoing to gastrointestinal (GI) endoscopy, these subjects require an individual pre evaluation, taking into account: Level of haemostasis impairment, the individual risk of infection, the impact of sedation on hepatic encephalopathy and other factors. The overall assessment of liver function, employing common scoring systems, should be also assessed in the preprocedural phase. Beside some common general problems, regarding GI endoscopy in cirrhotic subjects, also specific issues are present for some frequent indications or procedures. For instance, despite an increased incidence of adenomas in cirrhosis, colon cancer screening remains suboptimal in subjects with this disease. Several studies in fact demonstrated liver cirrhosis as a negative factor for an adequate colon cleansing before colonoscopy. On the other hand, also the routine assessment of gastroesophageal varices during upper GI endoscopy presents some concern, since important inter-observer variability or incomplete description of endoscopic findings has been reported in some studies. In this review we discussed in details the most relevant issues that may be considered while performing general GI endoscopic practice, in patient with cirrhosis. For most of these issues there are no guidelines or clear indications. Moreover until now, few studies focused on these aspects. We believe that targeting these issues with corrective measures may be helpful to develop a tailored endoscopic approach for cirrhosis, in the future.
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Core Tip: In this minireview, we discuss some issues that are encountered while performing general gastrointestinal endoscopy in cirrhotic patients. The solution of these aspects may increase, in the future, the yield of this technique in subjects with significant liver disease.


INTRODUCTION
The definition of liver cirrhosis refers to a typical anatomopathological liver change characterized by diffuse fibrosis and regenerative nodules as a result of a chronic immunoinflammatory process[1]. Hepatic architecture distortion gives rise to: (1) A reduced liver blood outflow thus determining portal hypertension and; and (2) An impairment of liver cells activities. These changes may lately determine the typical complications of the disease such as: Ascites, hepatic encephalopathy, hepatorenal syndrome and bleeding after gastroesophageal varices (GEVs) rupture. Therefore, the term cirrhosis does not define a specific clinical condition. In this setting, physicians identify a "compensated" or a "decompensated" form of cirrhosis for medical purposes[2]. In the first case, the cirrhotic patient does not exhibit significant symptoms of the disease, and the diagnosis may be ruled out for tests prescribed for other reasons. In the latter case (decompensated cirrhosis), the subject shows the typical complications of the disease. So, it seems wise before approaching a cirrhotic patient with either diagnostic or therapeutic procedures (including the endoscopic ones) to gain the best information on its function. 
In this setting, however, the binary classification into compensated or decompensated cirrhosis remains too broad, thus requiring specific scoring systems, such as Child-Turcotte-Pugh[3] or model for end stage liver disease (MELD)[4] score to properly delimit the condition of the individual patient[5]. 
During their illness, cirrhotic patients may undergo repeated gastrointestinal (GI) endoscopic procedures. For instance, upper GI endoscopy is suggested by United States guidelines as soon as the diagnosis of cirrhosis is achieved, in order to assess for the presence of esophageal varices. In case of absent or small varices, the procedure should be repeated within 2 or 3 years in compensated cirrhosis and yearly in decompensated cirrhosis[6-8].
The British Society of Gastroenterology guidelines recommend screening with slight modification: On an every 3 year basis if no varices were present and annual screening for small varices[6]. Despite the proposal of alternative tests to rule out the presence of varices (such measuring the degree of hepatic stiffness by elastography), the lack of reliability of these techniques still supports the need of upper endoscopy for a definitive diagnosis in the majority of patients[5,9]. Nonetheless, the general use of GI endoscopy has been expanded to also include the cirrhotic population for colon cancer screening, for the advent of ultrasound endoscopy and for the treatment of benign or malignant diseases of the biliary tract. Finally, a specific endoscopy based careful assessment of neoplastic or preneoplastic GI luminal lesions (frequently involving subjects with severe hepatic dysfunction) is required for liver transplant listing.
Given the increased demand of GI endoscopy in cirrhosis and in the attempt to move toward a tailored rather than a general approach in these subjects, in this review, we discuss the possible pitfalls/issues of these procedures in the patient with liver impairment.

COMMON GENERAL PROBLEMS WHILE APPROACHING THE CIRRHOTIC PATIENT WITH GI ENDOSCOPY
Sedation
Routine sedation, in the course of GI endoscopy, has increased significantly in the last decades, being applied in 60% to 100% of cases, depending on the procedures and practice of the center[10]. Characteristics of most used drugs for sedation in endoscopy are reported in Table 1. Although it is widely considered that any endoscopic examination can be more effectively conducted under sedation[5,11], not all endoscopists consider it mandatory in every situation. In fact cardio-vascular or respiratory complications may occur also for low-grade sedation and according to baseline patient conditions or type of endoscopic procedure, as extensively reported by some reviews on this issue[12,13].
In compliance with the American Society of Anesthesiology, sedation should be classified as minimal, moderate or deep, according to a decrease in the consciousness of the patient and depression of effective spontaneous respirations[14]. Minimal and moderate sedation are by far the most adopted solutions in routine GI endoscopy and these are usually achieved by the administration of benzodiazepines (diazepam or midazolam) and/or opioids (meperidine or fentanyl)[15]. Unfortunately, both of these categories of drugs have a delayed metabolism in patients with significant liver impairment, thus possibly exposing them to complications, such as hepatic encephalopathy[16-18]. In this perspective, the use of propofol seems to be superior and safer. A meta-analysis on cirrhotic patients undergoing upper GI endoscopy and comparing midazolam to propofol sedation demonstrated a reduced induction time, shorter time of recovery and most prompt discharge with propofol sedation[19]. The same study reported a worsening of minimal encephalopathy with midazolam, even if a meta-analytic confirmation was not possible, because of the different testing strategies among studies. 
Differences between these two drugs may be explained while examining their metabolism. In fact, midazolam is eliminated almost exclusively through the liver, while propofol is eliminated by the kidney after conjugation in hepatic and extrahepatic tissues[20,21]. So, as a rule of thumb: (1) Propofol is usually administered following the same therapeutic scheme used for non-cirrhotic patients and; and (2) The midazolam dose is adjusted according to the metabolic liver impairment[6,17-24].
However, it should be underscored that propofol, differently from benzodiazepines and opioids, does not have a pharmacological antagonist able to counteract possible adverse events. This has given rise the controversial question whether direct administration of propofol by the endoscopist should be considered safe or an anesthesiologist would always be required[25]. On the other hand, despite the fact that adverse events were recorded with similar prevalence employing either propofol or a benzodiazepine plus an opioid, it is questionable that the endoscopist alone can simultaneously induce sedation, supervise the patient and devote himself/herself to the examination.
However, it is evident that this issue remains unsolved and should be approached according to the clinical context, the patient’s condition and possibly on the basis of guidelines produced by the local institution[6,10,17,19,20,23,26].
In many countries, the administration of propofol for sedation, as well as the monitoring during the examination and the evaluation of the restoration to a full state of consciousness, remains to be conducted by a specialist in anesthesiology.

Hemostasis impairment
Normal hemostasis implies the coordinate contribution and activation of cells and blood proteins[27]. During liver disease, impairment of this machinery can occur at different times and with different severity. Therefore, any invasive procedure requires a prior evaluation of clotting performance. 
Impaired hemostasis in the cirrhotic patient may not be interpreted as the simple deficiency of a coagulation factor. Instead, an imbalance of the entire coagulation cascade (certainly dependent on hepatic pathology), which also involves vascular, renal and medullary dysfunctions, is present[5,16,28]. As a result, cirrhotic patients, besides the increased risk of hemorrhagic complications, may also frequently experience thromboembolic events, since there is a concomitant deficit of anticoagulant factors[29].
In this perspective evaluation of these subjects on the basis of routine tests, such as prothrombin time and international normalized ratio, could be suboptimal[6,30,31], and a hypercoagulable, hypocoagulable or pro-fibrinolytic status should be ruled out just before employing thromboelastography[5,32]. 
Moreover thrombocytopenia is frequently observed in cirrhosis, further complicating the evaluation of the net clotting performance in the patient with liver disease. Reduced numbers of platelets, in the past, were thought to be mainly dependent to spleen sequestration[33]; however, concurrent bone marrow depression and reduced thrombopoietin production may also have an important role in determining this occurrence[34]. 
In clinical practice, the treatment of coagulopathy in cirrhotic patients is less standardized in comparison with other subjects[35]. Expert opinions suggest avoiding transfusions of fresh frozen plasma and instead to correct fibrinogen levels in cirrhotic patients undergoing invasive or surgical procedures[36]. Platelet administration is usually considered when the count is < 50 × 109/L. However, one should consider that platelet transfusions are generally afflicted by an increased risk of adverse reactions as compared with the administration of either frozen plasma or red blood cells[37], while platelet refractoriness (lack of increase in platelet count after their administration) is not rare[38]. In this perspective, the new thrombopoietin receptor agonists avatrombopag and lusutrombopag, specifically tested in patients with chronic liver disease undergoing invasive procedures, are of major interest[39,40]. However, despite the good results of these molecules in increasing platelets count, they cannot be considered in urgent situations since they require several days (> 5/8) to achieve a therapeutic effect.

The problem of infections in the cirrhotic patient
Transmission of infections during GI endoscopy represents an issue that has stimulated the development of specific guidelines for prevention and processing of instruments[41,42]. Despite its rarity, endoscopy-driven infection is also of concern for the possible transmission of antibiotic resistant strains in hospital based units. On the other hand, bacterial infections are responsible for significant morbidity and mortality in cirrhotic patients, also leading to acute-on-chronic liver failure. Moreover, hepatic diseases are known to predispose to infection for several reasons, such as increase intestinal permeability, reduced immunologic defense, portal shunting with peripheral circulation and others[42].
In this perspective, prevention of infections in the cirrhotic patient (also during endoscopy) must always be pursued. While performing endoscopy and with regard to infection prevention, it is necessary to distinguish the compensated cirrhotic patient from the decompensated cirrhotic patient and who is in a state of emergency with bleeding from esophageal or gastric varices.
In the case of a compensated cirrhotic patient undergoing elective endoscopy, no convincing evidence is available on the utility of routine antibiotic prophylaxis, since endoscopy-associated bacteremia does not seem to be relevant[43].
Also, in decompensated cirrhosis with ascites of varying degrees, there is insufficient evidence that colonoscopy can trigger subsequent bacterial peritonitis (frequently these subjects are already under long-term antibiotic prophylaxis), which remains a fairly rare event. Therefore, evacuative paracentesis before endoscopy is also not recommended[5,43].
Conversely, any episode of upper GI bleeding marks a significant event in the patient's medical history. This event can precipitate decompensation, especially in patients with advanced disease or hepatocellular carcinoma. In such situations, bleeding can be fatal in up to 20% of cases[44].
The guidelines strongly recommend, together with prompt endoscopic examination/treatment, antibiotic prophylaxis. In fact, this strategy often prevents subsequent infections and also reduces mortality and the risk of relapse[26,38]. Fluoroquinolones are the usual first choice. They are safe and provide broad-spectrum prophylaxis against various pathogens of intestinal origin. In the case of resistance to fluoroquinolones (or if the patient is already taking them for primary prophylaxis of spontaneous bacterial peritonitis), the choice may entail a third generation cephalosporin[44]. Antibiotic therapy should be initiated as soon as possible in conjunction with acute bleeding and continued for at least 5-7 d[44].

DIAGNOSTIC OR PROCEDURAL ISSUES IN THE CIRRHOTIC PATIENT WHILE APPROACHING SPECIFIC ENDOSCOPIC INDICATIONS
Colorectal cancer screening
Screening need in cirrhotic patient: Since the relevant prevalence of colorectal cancer (CRC), accounting for the third most frequent malignant tumor worldwide[45], screening adoption has been suggested by several guidelines[46,47]. Colonoscopy and fecal occult blood immunologic testing are usually regarded as the first-choice strategy[46]. However, the endoscopic colon examination presents several advantages such as: (1) Easy detection of minimal lesions as sessile serrated adenomas; (2) Removal or biopsy of suspected lesions during examination; (3) Is a single-step procedure (achieving the diagnosis without further investigation); and (4) If negative do not require any additional screening assessment within the next 10 years. Patients with liver disease should not be exempt from CRC screening, because they seem to have twice the prevalence for this cancer, in comparison with the general population[48]. On the other hand, liver cirrhosis has long been recognized as an important independent risk factor for colonic adenomas[48], and this finding was recently expanded by the observation that this is also valid for patients with chronic non-cirrhotic liver disease[49]. Given the increased prevalence of preneoplastic colonic lesions and frequent occurrence of chronic low-grade blood loss (because of impaired hemostasis and portal hypertension-related GI abnormalities)[49], the use of fecal occult blood immunologic testing for CRC screening in cirrhotic patients does not seem appropriate compared to that in the general population. Moreover, cirrhotic patients undergoing liver transplantation should be submitted to careful scrutiny and removal of luminal lesions, since immunosuppression may increase the risk of development of CRC after transplant[50]. In this perspective, colonoscopy seems to respond better for the CRC screening needed in patients with significant liver disease. However, the execution of a screening colonoscopy in a cirrhotic patient poses some additional issues in comparison with the general population. Some of these, such as sedation, hemostasis, and infection prevention, were already discussed in the previous paragraphs. Nevertheless, the possible major factor flawing the quality of screening colonoscopy in cirrhosis is represented by bowel cleansing. In fact, among the factors ensuring the good quality of a CRC screening program, adequate bowel cleansing is included, and it should be achieved in at least 90% of subjects[47]. In fact, poor bowel preparation is a well-known predictive factor for missed or delayed cecal intubation and of incomplete colonoscopy[51]. Moreover, it could affect the detection of small preneoplastic luminal lesions, while the detection of a large tumor is usually not impaired[52,53]. 

Data on bowel cleansing in cirrhotic patient: Optimal colon preparation is a hard task to obtain in patients with severe liver disease. A prospective study examined the predictive factors of inadequate bowel cleansing in 2811 patients undergoing colonoscopy[54]. Liver cirrhosis represented an important contributing factor in the failure to achieve adequate colonic preparation together with body mass index, age and diabetes. In order to further evaluate this issue, our group conducted a prospective observational study comparing normal and cirrhotic patients undergoing screening colonoscopy[55]. Cirrhotic patients completed the prescribed bowel preparation at a similar rate in comparison with the normal control, even if they in general reported a high level of difficulty in assuming the prescribed 4 L standard polyethylene glycol-electrolyte lavage solution. In spite of this, colonic cleansing was inadequate in 49% of cirrhotic patients in comparison with 5% of normal patients (P < 0.001). This statistically impacted the time to reach the cecum and endoscope withdrawal time, while the cecal intubation rate was similar between the two groups. The adenoma detection rate was decreased by liver disease (cirrhosis/normal; 19% vs 27%) but without statistical significance. In another study, differently from our results, a reduced ciecal intubation rate was observed in cirrhosis as a function of ascites volume, but data regarding bowel preparation were not reported in detail[56]. Finally, a further study retrospectively assessed the quality of bowel cleansing between patients with cirrhotic and non-cirrhotic liver disease[57]. This research provided evidence that just cirrhosis and not chronic liver disease was a risk factor for incomplete colonic lavage; however, poor cleansing did not affect the polyp detection rate nor was it a function of severity of cirrhosis as assessed by the MELD score. In conclusion, adequate bowel cleansing seems to be a difficult task to reach in cirrhotic patients. Several gray areas remain to be explored with regard to this issue, such as: (1) The reasons for an impaired lavage in cirrhosis remains unclear; (2) The possibility of improvement with alternative tailored schemes is unexplored; and (3) The net effect of impaired cleansing on diagnostic yield is undefined. Nonetheless, it should be considered wise to specify (also in the informed consent) this with cirrhotic patients, since their colonic cleansing might be suboptimal for an adequate endoscopic diagnosis. 
Finally, other groups consider the need for CRC screening marginal in cirrhotic patients or at least in those undergoing liver transplantation. In fact, a study on 808 cirrhotic patients undergoing CRC screening before liver transplant showed a limited diagnostic yield (0.2% of CRC and 5.4% of significant adenomas), but at the same time, an increased risk of significant complications (kidney dysfunction and GI bleeding) in the 30 d following endoscopy was recorded[58].

Endoscopic assessment of portal hypertension in cirrhosis
Perhaps the most frequent reason for endoscopic examination in cirrhotic patients is evaluation and monitoring of endoscopic signs of portal hypertension. GEVs are present in a large portion of cirrhotic patients (60%-85%) and may cause significant bleeding and death[59,60]. While some noninvasive tests may rule out the presence of GEVs in well-selected patients, upper GI endoscopy remains the gold standard to accurately define the extent of individual risk, to attain surveillance and to manage acute bleeding[61]. Adequate assessment of GEVs is of crucial importance to prevent variceal rupture and hemorrhage. Bleeding prevention may be obtained by endoscopic band ligation, use of beta blockers or TIPS placement. These measures are usually adopted in subjects exhibiting large varices with red signs (primary prophylaxis) or in those with a previous bleeding episode (secondary prophylaxis). While the GEV bleeding-related deaths remain significant, accounting for 15%-20% of cases[62,63], endoscopy practice in the real world presents some weaknesses. First of all, while some guidelines suggest valid strategies and timing to assess GEVs[7,64], these indications are frequently neglected. A survey in the United States was conducted in order to assess clinical practice in the screening for GEVs[65].
A questionnaire was administered to hepatologists and gastroenterologists throughout the country. Only 60% of the interviewed physicians prescribed upper GI endoscopy at the first diagnosis of cirrhosis. The surveillance timing, as suggested by guidelines, was fulfilled in less than 50% of cases. A cohort study, in the same country, reported an even worse picture[66]. Among 4230 hepatitis C virus cirrhotic patients, just 54% underwent an upper GI endoscopy in a 6-year follow-up, and the examination was performed within 1 year of the diagnosis in only 33.8% of patients. The reasons for this suboptimal standard of care in GEV assessment are not clear. Multiple factors may contribute to this picture, such as: (1) Limited knowledge of GEV management; (2) Overestimation of clinical parameters for predicting portal hypertension; and (3) Racial disparities for management of cirrhosis in some countries[67]. Of concern, even after GEV bleeding, the subsequent surveillance and treatment is seldom observed. In a study among 99 subjects undergoing endoscopic band ligation for acute variceal bleeding, just one-third of subjects followed an endoscopic GEV eradication protocol and 46% did not have any further endoscopic examination after hospital discharge[68]. Beside the scarce adherence to GEV endoscopic diagnosis and surveillance, another factor that may impair the appropriate clinical management of portal hypertension in cirrhosis is the lack of an adequate and unequivocal description of endoscopic findings. More than three decades ago, an Italian study assessed the reliability of upper GI endoscopic examination in cirrhotic patients, comparing the reports of six experts on the same patients[69].The agreement between endoscopists was fair, in the majority of cases, and poor with regard to some variceal features (blue color and extension of red color sign). Excellent agreement (k index > 75) was not recorded for any of the GEV endoscopic features examined. This study underscored, for the first time in the era of flexible endoscopy, the possible operator-dependent limits in the endoscopic assessment of GEV. More recently, our group evaluated the diagnostic accuracy of upper GI endoscopy in cirrhotic patients during common clinical practice[70]. Endoscopic reports (n = 120), coming from different institutions within our regional area, were retrieved and evaluated by eight independent experts (four endoscopists and four hepatologists). While endoscopists evaluated 41% of the reports as incomplete, the hepatologists considered more than one-third of the examinations (36%) inadequate to make decisions on patient management.
Examining all of the above mentioned studies, it comes clear as upper GI endoscopy is not so frequently or adequately performed as usually required in liver cirrhosis. Possible corrective measures may include: (1) Enhanced diffusion of practice guidelines; (2) Identification of a simplified univocal system for GEV endoscopy reports; and (3) Referral of cirrhotic patients to a dedicated GI endoscopic service. In the meantime, the suboptimal endoscopic approach to GEV likely contributes to the significant bleeding-related mortality in cirrhotic patients. 

CONCLUSION
Flexible GI endoscopy has undergone exceptional development and diffusion in the last 70 years[71]. Wide application of endoscopic examination has revealed some definite patient-related issues. Specific guidelines have been produced, for instance, with regard to inflammatory bowel disease[72], for patients on anticoagulant or antiplatelet agents[73] or for bowel cleansing in subjects with chronic kidney disease[74]. These indications were generated in the attempt to move toward the concept of a patient-tailored endoscopy. Several endoscopic guidelines have also been produced for cirrhotic patients, but they mainly focus on prevention and treatment of GEV bleeding, as well as the important associated mortality[7,61,64]. However, other clinical issues may be encountered while approaching a cirrhotic subject with GI endoscopy, and in this review, we attempted to focus on the main ones. In Figure 1 are summarized some tips to consider while approaching the cirrhotic patient with GI endoscopy. As we reported earlier, for the larger part of these, there are no guidelines or even clear indications. Besides, just a marginal part of published literature specifically examined these problems in liver disease patients. In this uncertainty, our manuscript seems novel since it focused on some overlooked aspects of endoscopy in cirrhotic patients, stimulating further research on these issues. On the other hand we attempted to give some practical (even if not conclusive) tips for the everyday clinical activity. Finally, we claim that further studies and collaborative work within experts should be pursued to design cirrhosis-tailored endoscopic behaviors in order to improve routine practice, diagnostic yield, safety and procedure outcomes in these subjects.
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Figure 1 Some tips to consider, while approaching cirrhotic patients (orange boxes) with gastrointestinal endoscopy, are reported in the figure in comparison with general population (green boxes). These indications (in the majority of cases) are mainly desumed by small volume studies and are not intended as evidenced-based guidelines. MELD: Model for end stage liver disease.

Table 1 Characteristics of most used drugs for sedation in endoscopy (the corresponding antidote is also reported when available)
	Drug
	Onset of effect (min)
	Effect duration (min)
	Usual dose
	Adverse events

	Benzodiazepines

	Midazolam
	1-2
	15-80
	1-6 mg
	Respiratory depression, disinhibition

	Flumazenil (Benzodiazepines Antidote)
	1-2
	60
	0.1-1 mg
	Agitation, withdrawal symptoms

	Opioids

	Alfentanyl
	< 1
	30-60
	0.250-2 mg
	Respiratory and cardiovascular depression

	Fentanyl
	1-2
	30-60
	50-200 μg
	Respiratory depression, vomiting

	Pethidine
	3-6
	60-180
	25-100 mg
	Respiratory depression, vomiting

	Naloxone (Opioids antidote)
	1-2
	30-45
	0.2-1 mg
	Narcotic withdrawal

	Anestethic

	Propofol
	< 1
	4-8
	40-400 mg
	Respiratory and cardiovascular depression
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