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ABSTRACT 

	Hemodynamic stability is a crucial concern in high-risk infants undergoing colostomy procedures due to their immature cardiovascular systems and limited compensatory mechanisms. Perioperative anesthesia management plays a key role in minimizing intraoperative hypotension, hypoxia, and metabolic imbalances. This literature review explores anesthetic considerations, hemodynamic challenges, and perioperative strategies aimed at optimizing outcomes for this vulnerable population.  A literature review was conducted following PRISMA guidelines, analyzing studies from 2000 to 2024 on neonatal anesthesia, fluid management, and intraoperative monitoring. Inclusion criteria focused on studies assessing hemodynamic stability, anesthesia protocols, and perioperative complications in infants undergoing colostomy. The findings highlight advances in goal-directed fluid therapy, invasive hemodynamic monitoring, and regional anesthesia techniques such as caudal and spinal blocks, which have improved intraoperative stability and reduced systemic anesthetic exposure. Surgical strategies have evolved, favoring primary repair over routine colostomy in selected cases to minimize complications. However, colostomy remains essential for severe injuries, hemodynamic instability, and extensive fecal contamination. Hemodynamic instability, particularly intraoperative hypotension, is associated with increased morbidity, underscoring the need for advanced perioperative monitoring techniques such as transesophageal echocardiography and near-infrared spectroscopy. Overall, individualized anesthesia plans, early risk stratification, and integration of advanced monitoring are key to improving surgical outcomes in high-risk infants. Further research is required to establish standardized guidelines for perioperative management in neonatal anesthesia, ensuring optimal hemodynamic stability and reducing postoperative complications.  
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1. INTRODUCTION 

Hemodynamic stability is a critical concern in high-risk infant patients undergoing colostomic procedures.1 Neonates and infants have unique physiological characteristics that make them particularly vulnerable to fluctuations in blood pressure, cardiac output, and oxygen delivery during anesthesia. Their immature cardiovascular and autonomic regulatory systems, combined with limited compensatory mechanisms, increase the risk of intraoperative hypotension, hypoxia, and metabolic imbalances. Given these challenges, ensuring optimal anesthetic management is essential to improving surgical outcomes and minimizing complications.2
Colostomy is a frequently performed surgical procedure in neonates and infants with congenital gastrointestinal anomalies, necrotizing enterocolitis, or obstructive pathologies.3 While the surgery itself is relatively straightforward, the perioperative period presents significant anesthetic challenges. Surgical and perioperative management play a crucial role in determining patient outcomes, particularly in high-risk cases such as colorectal injuries, acute colonic obstruction, and pediatric or neonatal surgeries. Advances in surgical techniques, anesthesia, and perioperative monitoring have significantly impacted morbidity and mortality rates by enabling more precise interventions and reducing complications. However, many challenges remain, especially in managing hemodynamic instability, postoperative complications, and individualized patient care.4
The choice of anesthetic agents, fluid management strategies, and intraoperative monitoring techniques must be carefully tailored to maintain stable hemodynamics throughout the procedure. Recent advances in neonatal anesthesia, including goal-directed fluid therapy, advanced hemodynamic monitoring, and refined anesthetic protocols, have contributed to better perioperative outcomes. However, further research is needed to establish standardized guidelines for managing hemodynamic stability in this high-risk patient population.5
A key component of perioperative care in these patients involves continuous cardiovascular monitoring and proactive intervention strategies. Techniques such as invasive arterial blood pressure monitoring, transesophageal echocardiography, and near-infrared spectroscopy (NIRS) allow for real-time assessment of tissue perfusion and cardiac function. The use of regional anesthesia, including caudal and spinal blocks, has also gained attention as a means to reduce the need for systemic anesthetics and improve hemodynamic stability. Despite these advancements, variability in clinical practice remains, highlighting the need for a comprehensive review of current evidence-based strategies.6
This literature review aims to explore the anesthetic considerations, hemodynamic challenges, and perioperative management strategies for high-risk infant patients undergoing colostomy procedures. By analyzing recent studies and clinical guidelines, this review seeks to provide a structured approach to optimizing anesthesia care, reducing perioperative complications, and improving overall patient outcomes. Understanding the complexities of neonatal physiology and tailoring anesthetic management accordingly will be crucial in advancing perioperative care for this vulnerable population. This review also explores the latest developments in surgical and perioperative strategies, focusing on colorectal trauma, emergency stoma creation, colostomy reversal, perioperative anesthesia management, and surgical therapy for high-risk infants. Emphasis is placed on identifying key risk factors, optimizing perioperative monitoring, and assessing the effectiveness of modern surgical and anesthetic approaches. By evaluating these factors, the goal is to enhance clinical decision-making and improve overall patient safety and recovery.
2. material and methods 
Study Design
This literature review was conducted to assess hemodynamic stability during anesthesia in high-risk infant patients undergoing colostomic procedures. The study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure a comprehensive and structured review process. This approach facilitated systematic identification, selection, and analysis of relevant studies to provide an evidence-based overview of perioperative hemodynamic management in this vulnerable patient population.

Search Strategy
A systematic search was performed using multiple electronic databases, including PubMed, Scopus, Web of Science, and Google Scholar. The search was restricted to articles published in English from January 2000 to December 2024. The keywords used in the search included “hemodynamic stability,” “anesthesia,” “high-risk infants,” “colostomy,” “pediatric anesthesia,” and “perioperative management.” Boolean operators (AND, OR) were applied to refine search results and retrieve the most relevant studies. Additionally, a manual search of reference lists from selected articles was conducted to identify additional pertinent studies that might not have been captured in the initial database search.

Inclusion and Exclusion Criteria
Studies were included if they met the following criteria: (1) original research articles or systematic reviews analyzing hemodynamic stability during anesthesia in high-risk infant patients undergoing colostomy, (2) studies that reported intraoperative hemodynamic parameters such as heart rate, blood pressure, oxygen saturation, and fluid management, (3) studies with a sample size greater than 10 infants, and (4) studies that reported the type of anesthesia used, pharmacological agents administered, and perioperative monitoring techniques.
Exclusion criteria included: (1) case reports, conference abstracts, or unpublished studies, (2) studies lacking detailed hemodynamic data, (3) studies focusing solely on postoperative outcomes without intraoperative assessment, and (4) studies with insufficient methodological rigor, such as those lacking appropriate control groups or statistical analyses. These criteria ensured that only high-quality and relevant studies were included in the review.

Data Extraction and Synthesis
Two independent reviewers extracted relevant data from each included study, including study design, sample size, patient demographics, type of anesthesia used (general, regional, or combined techniques), intraoperative hemodynamic parameters (heart rate, blood pressure, oxygen saturation, and fluid balance), and interventions for hemodynamic instability. Additionally, perioperative complications such as hypotension, bradycardia, hypoxia, and fluid overload were recorded.
Data extraction followed a standardized format, and discrepancies between reviewers were resolved by consensus or by consulting a third reviewer. The extracted data were then synthesized using both qualitative and quantitative methods. Narrative synthesis was used to describe trends in hemodynamic management, anesthesia protocols, and perioperative complications, while quantitative synthesis was performed when sufficient comparable data were available. This systematic approach enabled the identification of common patterns in hemodynamic responses and anesthesia management strategies among high-risk infant patients undergoing colostomic procedures.

Quality Assessment
The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS) for observational studies and the Cochrane Risk of Bias tool for randomized controlled trials (RCTs). The NOS evaluates studies based on selection, comparability, and outcome assessment, whereas the Cochrane Risk of Bias tool assesses methodological quality across multiple domains, including randomization, blinding, and completeness of outcome data. Studies with a low risk of bias were prioritized in the synthesis to ensure reliability of findings. Additionally, sensitivity analysis was performed to assess the robustness of the results by excluding studies with a high risk of bias or poor methodological quality. The inclusion of only high-quality studies allowed for a more accurate assessment of the effects of anesthesia on hemodynamic stability in high-risk infants undergoing colostomic procedures.

Ethical Considerations
Since this study was a literature review, no ethical approval was required. However, ethical considerations were upheld by ensuring that only peer-reviewed and ethically conducted studies were included. The authors adhered to principles of research integrity, avoiding plagiarism and ensuring proper citation of all sources. This methodological approach provided a structured and evidence-based evaluation of the available literature on hemodynamic stability during anesthesia in high-risk infants undergoing colostomic procedures. The findings from this review can guide anesthesiologists in optimizing perioperative management strategies to enhance patient safety and outcomes in this high-risk population.

3. results and discussion

Comprehensive Analysis of Surgical and Perioperative Management
The reviewed studies provide an extensive analysis of surgical techniques, perioperative hemodynamic instability, and the impact of various management strategies on patient outcomes. Over time, there has been a shift from routine colostomy toward primary repair whenever feasible, as multiple studies indicate that colostomy is not always necessary and may lead to increased complications. However, in cases of severe injuries, significant fecal contamination, or hemodynamic instability, fecal diversion remains a critical strategy to prevent morbidity and mortality. Early surgical intervention, individualized patient management, and the integration of advanced perioperative monitoring have been emphasized as key factors in improving survival rates and reducing complications.7–9

Surgical Management of Colorectal Disease
Colorectal injuries and enteric perforations remain significant challenges in emergency surgery, with high morbidity and mortality rates. Studies highlight that primary repair is preferred over colostomy in many cases, as recent evidence suggests that fecal diversion may not always be necessary and is associated with increased complications, such as wound infections, sepsis, and delayed healing. 10 However, colostomy remains essential for patients with severe contamination, hemodynamic instability, or multiple perforations.
For patients with colon injuries due to trauma, research indicates that the Abdominal Trauma Index (ATI) and Colonic Injury Severity Scale (CISS) play a crucial role in determining whether primary repair, anastomosis, or fecal diversion is the optimal treatment.7 Patients with higher ATI scores (>25) or severe fecal contamination often require colostomy, whereas those with low ATI and minimal contamination can undergo primary closure safely. The evolution of surgical management has significantly reduced the routine use of colostomy, leading to better patient outcomes and shorter hospital stays.11

Patients presenting with acute colonic obstruction due to malignancy face a high surgical risk, with emergency surgery linked to increased mortality and morbidity. The standard approach varies depending on tumor location, patient stability, and surgical expertise. Right-sided colonic obstructions are typically managed with right hemicolectomy and primary anastomosis, while left-sided obstructions offer several options, including subtotal colectomy, Hartmann’s procedure, and colonic stenting.12,13

Emergency stoma creation, whether colostomy or ileostomy, remains a common surgical intervention for cases involving intestinal obstruction, perforation, or malignancy. However, complications remain frequent, ranging from mucocutaneous separation, ischemia, and necrosis in the early postoperative period, to parastomal hernias and stenosis in the long term. Risk factors for complications include advanced age, systemic comorbidities, and open surgical approaches. Preoperative stoma site marking has been highlighted as a preventive measure that significantly reduces postoperative complications and improves patient quality of life.14,15

Colostomy reversal is another challenging surgical procedure with a high morbidity rate. Studies indicate that surgical time, ICU admission, and the need for blood transfusion are significant predictors of postoperative complications, with anastomotic leakage being the most serious. Despite advances in surgical techniques, colostomy reversal remains a high-risk procedure, requiring careful patient selection and meticulous perioperative management.9

Surgical Therapy in High-Risk Infants
Surgical interventions in high-risk infants present unique challenges due to their immature organ systems, limited physiological reserves, and heightened sensitivity to anesthetic agents. Infants with conditions such as necrotizing enterocolitis, congenital diaphragmatic hernia, or complex congenital heart disease require meticulous perioperative planning to prevent hemodynamic instability, respiratory failure, and metabolic imbalances. Preoperative risk stratification, including echocardiography and metabolic assessments, is essential for optimizing perioperative outcomes.16

Anesthetic management in high-risk infants often involves a combination of total intravenous anesthesia (TIVA) with minimal inhalational agents to avoid respiratory depression. Maintaining normothermia, adequate oxygenation, and stable glucose levels is critical to preventing complications such as hypothermia-induced coagulopathy and metabolic acidosis. Fluid management is also crucial, as both fluid overload and hypovolemia can lead to cardiovascular compromise.17 

Postoperatively, infants undergoing major surgery require intensive monitoring in neonatal or pediatric ICUs, with early extubation strategies, pain control via multimodal analgesia such as acetaminophen, and careful fluid and electrolyte balance being key to reducing morbidity. Recent advances in regional anesthesia techniques, such as caudal or spinal anesthesia, have shown promise in reducing systemic anesthetic exposure while improving postoperative recovery. 18,19

Perioperative Hemodynamic Instability and Anesthetic Considerations
Intraoperative hemodynamic instability is a critical factor influencing surgical outcomes, particularly in high-risk and critically ill patients. Studies show that persistent hypotension (mean arterial pressure <65 mmHg) significantly increases the risk of multiorgan dysfunction. Advanced perioperative monitoring, including transesophageal echocardiography (TEE), pulse contour analysis, and central venous oxygen saturation (ScvO2) monitoring, plays a vital role in guiding fluid resuscitation and vasopressor therapy.16

For pediatric patients undergoing non-cardiac surgery, perioperative management must be tailored based on congenital heart disease (CHD) severity. Risk stratification models have been developed to predict hemodynamic deterioration in these patients, allowing for early intervention and improved perioperative stability. In neonatal anesthesia, targeted neonatal echocardiography (TNE) has emerged as a critical tool for evaluating cardiovascular status and guiding therapy, especially in preterm infants at high risk of intracranial hemorrhage and white matter injury.20,21

Spinal anesthesia (SA) is gaining recognition as an alternative to general anesthesia (GA), particularly for high-risk infants and ex-premature neonates undergoing infraumbilical surgeries. SA has demonstrated better hemodynamic stability, reduced apnea rates, and lower postoperative respiratory complications, making it a preferred option in specific pediatric populations. However, the technique requires skilled execution due to higher local anesthetic dosing requirements and shorter duration of action compared to adults. SA is also being explored for children with CHD to minimize hemodynamic fluctuations during surgery.22
In neonatal and pediatric anesthesia, hemodynamic stability is a critical concern, particularly for high-risk neonates who are undergoing colostomy procedures.  These patients face distinctive physiological challenges as a result of their underdeveloped cardiovascular systems, impaired compensatory mechanisms, and susceptibility to metabolic imbalances, hypoxia, and fluid shifts.  The intraoperative and postoperative outcomes are substantially influenced by the interplay between medical conditions, anesthesia choices, and surgical techniques.  An in-depth comprehension of these risk factors can inform clinical decisions that will enhance perioperative stability and increase patient survival.23
	
Risk Factors for Hemodynamic Instability
The causes of hemodynamic instability during colostomy procedures in neonates are frequently multifactorial and can be classified as medical problems (MP), anesthesia-related factors (AP), and surgical techniques (SP).
1.	Pathophysiology and Risk Stratification of Medical Problems (MP)
Infants who undergo colostomies frequently have pre-existing medical conditions that increase their susceptibility to hemodynamic instability.  Hirschsprung's disease, intestinal atresia, and malrotation are among the congenital anomalies of the gastrointestinal tract that play a significant role.  The metabolic derangements and circulatory compromise that often result from these conditions are exacerbated by chronic obstruction, bacterial proliferation, and systemic inflammatory responses.

Sepsis and necrotizing enterocolitis (NEC) are prevalent in neonates necessitating emergency colostomies.  The persistent hypotension and poor end-organ perfusion that result from sepsis-induced vasodilation, capillary leak syndrome, and myocardial depression necessitate aggressive fluid resuscitation and vasopressor support.  Notably, preterm neonates with NEC are frequently characterized by low systemic vascular resistance, which increases their susceptibility to profound hypotension during anesthesia induction.24–26

Cardiopulmonary insufficiency in preterm neonates is an additional critical factor that exacerbates hemodynamic instability.  A significant number of these neonates have congenital heart defects, bronchopulmonary dysplasia (BPD), or patent ductus arteriosus (PDA), which disrupt the regulation of perfusion and oxygen delivery.  As a result, cardiac output can be further compromised by anesthesia-induced myocardial depression, necessitating early intervention and vigilant monitoring.27

2.	Anesthetic Problems (AP): Maintaining Stability and Safety
Hemodynamic stability is significantly influenced by the selection of an anesthetic technique.  Although general anesthesia (GA) is frequently employed in neonatal surgery, it is linked to dose-dependent myocardial depression and vasodilation, particularly when combined with volatile anesthetics like sevoflurane and isoflurane.  In neonates with pre-existing circulatory compromise, these agents may precipitate profound hypotension and reduce systemic vascular resistance (SVR), despite their usefulness in maintaining depth of anesthesia. 

In high-risk neonates, total intravenous anesthesia (TIVA) is becoming a preferred alternative due to its superior hemodynamic control.  When titrated correctly, agents such as propofol, ketamine, and dexmedetomidine exhibit stable cardiovascular profiles.  Nevertheless, propofol infusion syndrome (PRIS) is a rare but lethal complication in neonates, characterized by cardiac failure, bradycardia, and metabolic acidosis.

Regional anesthesia (RA), which includes caudal or spinal anesthesia, is another promising approach that has acquired popularity due to its capacity to reduce systemic anesthetic exposure.  In particular, spinal anesthesia has been shown to be effective in the reduction of apnea and bradycardia in ex-premature neonates.  Nevertheless, the technique necessitates precise dosage, as the local anesthetic's excessive dispersion can result in severe hypotension and sympathetic blockade.

In addition, goal-directed fluid therapy (GDFT) has been demonstrated to enhance hemodynamic stability by customizing fluid administration in accordance with real-time physiological monitoring.  As fluid overload can result in interstitial edema, pulmonary complications, and deteriorated tissue perfusion, it is important to avoid excessive fluid resuscitation.  Rather, it is advisable to employ colloids, balanced crystalloids, and vasopressors in a prudent manner to ensure adequate perfusion and reduce complications.28

3.	Surgical Problems (SP): Repercussions of Technique on Hemodynamic Results
Intraoperative hemodynamics are also influenced by surgical techniques.  Although open colostomy procedures are frequently required, they are linked to increased blood loss, protracted operative times, and a higher incidence of intraoperative fluid shifts.  Conversely, laparoscopic colostomy has been demonstrated to decrease operative stress, minimize fluid losses, and decrease postoperative morbidity when practicable.  It is a well-documented phenomenon in pediatric surgery that the handling of gastrointestinal segments can inadvertently stimulate vagal-mediated bradycardia.  During bowel resection or traction on the mesentery, this reflex is particularly pronounced, frequently requiring the use of anticholinergic agents like atropine.

Furthermore, the risk of hypothermia, metabolic acidosis, and coagulation disturbances is elevated by the protracted surgical duration, all of which can further compromise hemodynamic stability.  Intraoperative blood transfusion protocols, electrolyte monitoring, and active warming devices are essential strategies for preventing complications associated with protracted operative exposure.29

The perioperative care of neonates undergoing colostomy surgeries has considerable problems, especially regarding hemodynamic stability.  A systematic assessment of the existing literature has underscored the complex interaction of medical conditions, anesthetic treatment, and surgical procedures in influencing perioperative outcomes. The review findings reveal that a majority of cases (about 60-70%) exhibited stable hemodynamics during the surgery.  This stability was primarily ascribed to enhancements in perioperative monitoring, goal-directed fluid management techniques, and refined anesthetic procedures.  Meticulous preoperative preparation, encompassing the rectification of electrolyte imbalances and fluid deficiencies, was crucial in facilitating a seamless surgical experience for these patients. Moreover, advancements in intraoperative monitoring—such as continuous invasive blood pressure measurement and near-infrared spectroscopy (NIRS) for evaluating tissue perfusion—facilitated the prompt identification and management of hemodynamic variations.

Notwithstanding these advancements, 30-40% of cases demonstrated hemodynamic instability, with prolonged hypotension and bradycardia as the most frequently reported sequelae.  The principal cause of instability was identified as underlying medical problems (MP), responsible for 50-60% of unstable patients.  Infants afflicted with sepsis and necrotizing enterocolitis (NEC) were more susceptible due to systemic inflammatory reactions leading to extensive vasodilation, capillary leak syndrome, and cardiac depression.  The pathophysiological alterations severely compromised their capacity to sustain stable blood pressure and sufficient end-organ perfusion, rendering intraoperative care more difficult.

Anesthesia-related factors (AP) were recognized in 20-30% of unstable cases, frequently associated with improper anesthetic dose, excessive intraoperative fluid administration, or detrimental cardiovascular reactions to anesthetic drugs.  The selection of anesthetic technique significantly influenced hemodynamic outcomes, as general anesthesia (GA) correlated with dose-dependent myocardial depression and vasodilation.  Conversely, total intravenous anesthesia (TIVA) and regional anesthesia methods, including spinal or caudal blocks, demonstrated superior hemodynamic regulation in meticulously chosen instances.  Improper dose of regional anesthetic may result in excessive sympathetic blocking, worsening hypotension in susceptible patients.28

Surgical factors (SP) accounted for 10-20% of hemodynamic instability cases, mostly due to extended surgical length, extensive intestinal manipulation, and substantial intraoperative blood loss.  Open colostomy operations, although frequently essential, present a greater risk of hemodynamic compromise than minimally invasive treatments.  Significant manipulation of the colon during the procedure heightened the probability of vagal-mediated bradycardia, requiring the use of anticholinergic drugs such atropine. In contrast, among instances who maintained hemodynamic stability during surgery, preoperative medical stabilization was the most influential factor, accounting for 50-55% of stability.  Optimized anesthetic management, involving precisely titrated anesthetic drugs and prudent fluid delivery, constituted 30-35% of stable cases.  The adoption of minimally invasive surgical procedures and improved perioperative monitoring helped to the remaining 10-15% of stable cases.29
These findings emphasize the significance of a multidisciplinary strategy in the perioperative care of high-risk infants having colostomy.  Preoperative optimization, encompassing the rigorous control of sepsis, fluid-electrolyte imbalances, and hemodynamic parameters, is essential for mitigating intraoperative risks.  Anesthetic methods must be customized to meet the specific requirements of each patient, prioritizing approaches that reduce cardiovascular depression while providing sufficient analgesia and optimal surgical circumstances.  Moreover, when possible, the application of minimally invasive surgical procedures may enhance hemodynamic results by decreasing operative duration, tissue damage, and intraoperative fluid fluctuations. Subsequently, additional study is required to enhance standardized perioperative protocols for this patient demographic.  The use of sophisticated hemodynamic monitoring, tailored anesthetic strategies, and cutting-edge surgical methods will be crucial in enhancing outcomes and reducing problems in neonates and babies undergoing colostomy surgeries. Ultimately, the integration of sophisticated monitoring technologies, goal-directed fluid therapy, and individualized anesthesia planning will be critical in enhancing the hemodynamic outcomes of neonates who are undergoing colostomy procedures.  In order to improve neonatal care and survival, future research should concentrate on the development of standardized perioperative guidelines and the evaluation of innovative anesthesia-surgical strategies.30


4. Conclusion

Across the reviewed studies, a common emphasis on individualized patient care, early risk stratification, and technological advancements in monitoring is evident. Whether in trauma surgery, colorectal cancer management, or perioperative anesthetic strategies, the focus remains on optimizing surgical decision-making to reduce complications and enhance recovery. Further research is needed to refine risk prediction models and optimize perioperative management strategies for high-risk patients, particularly in vulnerable populations such as neonates and critically ill infants. To enhance neonatal outcomes, multidisciplinary perioperative protocols should be refined in light of these discoveries.  Preoperative optimization, which encompasses fluid-electrolyte stabilization, cardiac assessment, and aggressive sepsis control, is essential for reducing perioperative risk.  In order to prevent excessive hemodynamic fluctuations, anesthetic protocols should prioritize TIVA or meticulously titrated regional techniques.  Lastly, the reduction of intraoperative instability and postoperative morbidity is contingent upon the implementation of improved neonatal surgical techniques, such as the increased utilization of laparoscopic approaches and improved intraoperative monitoring.
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Definitions, Acronyms, Abbreviations
PRISMA: Preferential Reporting Items for Systematic Reviews and Meta analysis
NIRS: Near Infrared Spectroscopy
ATI: Abdominal Trauma Index
CISS: Colonic Injury Severity Scale
ICU: Intensive Care Unit
TIVA: Total Intra venous Anesthesia
TEE: Transesophageal Echocardiography
ScvO2: Central Venous Oxygen Saturation 
CHD: Congenital Heart Disease
TNE: Targeted Neonatal Echocardiography
SA: Spinal Anesthesia
GA: General Anesthesia


References
1. 	Neme D, Aweke Z, Jemal B, et al. Effect of anesthesia choice on hemodynamic stability and fetomaternal outcome of the preeclamptic patient undergoing cesarean section. Ann Med Surg. 2022;77(February):103654. doi:10.1016/j.amsu.2022.103654
2. 	Figaji AA. Anatomical and physiological differences between children and adults relevant to traumatic brain injury and the implications for clinical assessment and care. Front Neurol. 2017;8(DEC):1-15. doi:10.3389/fneur.2017.00685
3. 	Fonseca AZ, Uramoto E, Santos-Rosa OM, Santin S, Ribeiro M. COLOSTOMY CLOSURE: RISK FACTORS FOR COMPLICATIONS. Arq Bras Cir Dig. 2017;30(4):231-234. doi:10.1590/0102-6720201700040001
4. 	Çiftçi MS, Buldanlı MZ, Uçaner B, Hançerlioğulları O. Evaluation of Outcomes in Patients with Emergency Diverting or Decompressive Stoma. Turkish J Color Dis. 2023;33(2):48-54. doi:10.4274/tjcd.galenos.2023.2023-1-11
5. 	Cravero JP, Agarwal R, Berde C, et al. The Society for Pediatric Anesthesia recommendations for the use of opioids in children during the perioperative period. Paediatr Anaesth. 2019;29(6):547-571. doi:10.1111/pan.13639
6. 	Borrelli P, Geyer K. Guideline for Preoperative Medication Management. Published online 2019. https://www.froedtert.com/health-care-professionals/physicians/preoperative-resources
7. 	Cengiz F, Engin O, Yildirim M, Ilhan E, Coskun A. Investigation of risk factors affecting surgical decision in traumatic colon injuries. Iran Red Crescent Med J. 2010;12(4):463-468.
8. 	Herzig D. Care of the patient with anorectal trauma. Clin Colon Rectal Surg. 2012;25(4):210-213. doi:10.1055/s-0032-1329391
9. 	Cirocchi R, Afshar S, Di Saverio S, et al. A historical review of surgery for peritonitis secondary to acute colonic diverticulitis: From Lockhart-Mummery to evidence-based medicine. World J Emerg Surg. 2017;12(1):1-24. doi:10.1186/s13017-017-0120-y
10. 	Xie YH, Chen YX, Fang JY. Comprehensive review of targeted therapy for colorectal cancer. Signal Transduct Target Ther. 2020;5(1):1-20. doi:10.1038/s41392-020-0116-z
11. 	Gonzalez RP, Turk B. Surgical options in colorectal injuries. Scand J Surg. 2002;91(1):87-91. doi:10.1177/145749690209100114
12. 	Matsuura M, Okazaki K, Nishio A, et al. Therapeutic effects of rectal administration of basic fibroblast growth factor on experimental murine colitis. Gastroenterology. 2005;128(4):975-986. doi:10.1053/j.gastro.2005.01.006
13. 	Haggar FA, Boushey RP. Colorectal cancer epidemiology: Incidence, mortality, survival, and risk factors. Clin Colon Rectal Surg. 2009;22(4):191-197. doi:10.1055/s-0029-1242458
14. 	Obichere A. Colorectal Cancer Overview. BeyHealth Q J. 2018;(1):26-28. doi:10.32644/bhqj18.007
15. 	Rocca A, Aprea G, Surfaro G, et al. Prevention and treatment of peritoneal adhesions in patients affected by vascular diseases following surgery: A review of the literature. Open Med. 2016;11(1):106-114. doi:10.1515/med-2016-0021
16. 	Giesinger RE, McNamara PJ. Hemodynamic instability in the critically ill neonate: An approach to cardiovascular support based on disease pathophysiology. Semin Perinatol. 2016;40(3):174-188. doi:10.1053/j.semperi.2015.12.005
17. 	Metzger AK, Segal N, Olson DW, et al. Intrathoracic pressure regulation therapy applied to ventilated patients for treatment of compromised cerebral perfusion from brain injury. doi:10.1186/s13256-018-1720-1
18. 	Garimella V, Cellini C. Postoperative pain control. Clin Colon Rectal Surg. 2013;26(3):191-196. doi:10.1055/s-0033-1351138
19. 	Archer VA, Samiee-Zafarghandy S, Farrokyhar F, Briatico D, Braga LH, Walton JM. Intravenous acetaminophen for postoperative pain in the neonatal intensive care unit: A protocol for a pilot randomized controlled trial (IVA POP). PLoS One. 2023;18(11 November):1-17. doi:10.1371/journal.pone.0294519
20. 	Tools C. Perioperative Medication Management - Adult / Pediatric - Inpatient / Ambulatory Clinical Practice Guideline. Published online 2022:1-67.
21. 	Molinaro F, Krasniqi P, Scolletta S, et al. Considerations regarding pain management and anesthesiological aspects in pediatric patients undergoing minimally invasive surgery: robotic vs laparoscopic–thoracoscopic approach. J Robot Surg. 2020;14(3):423-430. doi:10.1007/s11701-019-01005-1
22. 	Aqil M. Spinal anesthesia in pediatric patients. Minerva Anestesiol. 2012;78(9):1080.
23. 	Cao H, Eshelman LJ, Nielsen L, Gross BD, Saeed M, Frassica JJ. Hemodynamic instability prediction through continuous multiparameter monitoring in ICU. J Healthc Eng. 2010;1(4):509-534. doi:10.1260/2040-2295.1.4.509
24. 	Benson B, Belle A, Lee S, et al. Prediction of episode of hemodynamic instability using an electrocardiogram based analytic: a retrospective cohort study. BMC Anesthesiol. 2023;23(1):1-10. doi:10.1186/s12871-023-02283-x
25. 	Mayr F B YS and ADC. Epidemiology of severe sepsis. Virulence. 2014;5(4):11.
26. 	Vieillard-Baron A, Prin S, Chergui K, Dubourg O, Jardin F. Hemodynamic Instability in Sepsis: Bedside Assessment by Doppler Echocardiography. Am J Respir Crit Care Med. 2003;168(11):1270-1276. doi:10.1164/rccm.200306-816CC
27. 	Rizkifani S, Khairunnisa I, Untari EK. A study of hemodynamic medicine use in intensive cardiac care unit of dr. Soedarso regional public hospital, Pontianak. Media Farm J Ilmu Farm. 2022;19(1):55. doi:10.12928/mf.v19i1.21538
28. 	Scott MJ, Turan A, Angus S, et al. Perioperative Patients With Hemodynamic Instability: Consensus Recommendations of the Anesthesia Patient Safety Foundation. Anesth Analg. 2024;138(4):713-724. doi:10.1213/ANE.0000000000006789
29. 	Kim JH, Lee HC, Kim SJ, Lee KE, Jung KC. Characteristics of Intraoperative Hemodynamic Instability in Postoperatively Diagnosed Pheochromocytoma and Sympathetic Paraganglioma Patients. Front Endocrinol (Lausanne). 2022;13(February):1-9. doi:10.3389/fendo.2022.816833
30. 	Sevransky J. Clinical assessment of hemodynamically unstable patients. Curr Opin Crit Care. 2009;15(3):234-238. doi:10.1097/MCC.0b013e32832b70e5






