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Role of Prehabilitation in Patients
Undergoing Cancer Surgeries
Deepti Ahuja, MD; Rakesh Garg, MD, DNB*

Department of Anaesthesiology, Pain and Palliative Care, Dr BRAIRCH, All India Institute of
Medical Sciences, Ansari Nagar, New Delhi 110029, India

Cancer is the second leading cause of death worldwide and nearly 1 in 6 deaths is due
to cancer. It accounts for 8.8 million deaths in 2015. The occurrence of cancer is increasing and
new cases are expected to rise by about 70% over the next 2 decades.1 With the advances in
diagnostic and therapeutic procedures, more number of cancer patients will undergo curative
surgical procedures. However, the mortality and morbidity rates after major oncological surgical resection are still high and range between 4%-10% and 20%-60%, respectively.2,3 These
high mortality and morbidity rates may be attributed to the patients’ physical status, combined
stressful impact of malignancy, neoadjuvant therapies (NAT), or the surgical procedure on patient during peri-operative period.
The post-operative period is not only associated with 20%-40% reduction in physiological and functional capacity, but also increased risk of post-operative complications which
may have long-term effect on morbidity and mortality.4
In order to overcome current situation, the concept of ‘prehabilitation’ is increasingly
being implemented. “Prehabilitation” in the pre-operative period provides an option to increase
the physiologic reserve and functional capacity of the patient in order to hasten recovery and
improve outcomes recovery and improve outcomes (Figure 1).4

Figure 1: Model of Prehabilitation Pre-operatively in Surgical Patients.

Copyright
©2017 Garg R. This is an open access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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Cancer prehabilitation is “a process on the cancer continuum of care, that occurs between the time of cancer diagnosis and the beginning of acute treatment and includes; physical
and psychological assessments that establish a baseline functional level, identify impairments,
and provide interventions that promote physical and psychological health to reduce the incidence and/or severity of future impairments”.5 The optimal outcome for a cancer surgery requires panned protocol in the peri-operative period, starting from the pre-operative period and
continued through the post-operative period, (Figure 2).5
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Figure 2: Interventions Delineated to Enhance Post-operative Outcome of Patients Undergoing
Cancer Surgeries.

COMPONENTS OF SURGICAL PREHABILITATION
PROGRAMME
Role of Structured Exercise Protocols in Surgical
Prehabilitation of Cancer Patients

Among all the components, structured exercise protocols are
of paramount importance. These protocols are heterogeneous
in composition and include muscle strengthening and aerobic
training activities like walking, cycling, jogging, and swimming. The frequency and duration of physical training exercises
can be gradually increased. Regular exercise not only prepares
cardiovascular, respiratory, musculoskeletal, and endocrine systems before the actual occurrence of physiological stress, but
also helps in restoring insulin sensitivity that is lost with sedentary behavior.6 While prescribing the exercise in specific “dose”,
duration and modality, feasibility of the exercises for the patient
should be kept in mind while targeting the desired outcomes.
Exercise intensities that are uncomfortable for the patient may
lead to poor adherence and hence lower the success rate of programme. Recent evidence suggests that the type and amount

of activity performed during non-exercise time should also be
included in the exercise protocol to provide adequate recovery
time.7 The improvement of fitness during an exercise programme
can be monitored by using modified Borg Scale, which assesses
the level of perceived exertion in response to exercise.8 In addition to this, sensor technology is being employed to objectively
documents the increase in health related quality of life (QoL)
with physical exercise (Table 1).9
Role of Nutritional Supplementation in Surgical Prehabilitation
of Cancer Patients

Optimization of nutritional status is another vital component of
prehabilitation programmes in cancer patients who are often frail
with decreased muscle mass and low protein reserves. The etiology of malnutritionin cancer patients is multifactorial and encompasses direct tumor related mechanisms (e.g. obstruction),
tumor induced metabolic derangements (insulin resistance, catabolism), gastrointestinal abnormalities (nausea, vomiting) due
to disease itself and anti-cancer therapies.10 Peri-operative treatment of disease related-malnutrition has been shown to reduce

Table 1: Components of the Prehabilitation Programme and Optimal Pre-operative Time Period.
Component

Prehabilitation intervention

Optimal time period preoperatively

Cachexia, myopenia, sarcopenia

Structured exercise protocol

2-6 weeks

Nutrition

Nutritional supplementation

6 weeks

Anxiety and depression reduction

Relaxation techniques
Problem-solving
Coping strategies

Optimization of respiratory
System

Optimization of cardiovascular system

Anemia correction

Res Pract Anesthesiol Open J

Smoking cessation
Breathing exercises
Incentive spirometry
Pharmacotherapy
Adequate hydration

6-8 weeks

Optimization of medical therapy for underlying
disease
Lifestyle modification
Smoking and alcohol cessation

8-12 weeks

Depends on severity and time period available
1.Oral iron therapy
2.Parenteral iron therapy
a)Intramuscular
b)Intravenous

Expected rise in hemoglobin concentration:
1. 0.7 gm/100 ml/week
2.a) 0.7-1 gm/100 ml/week
b)Transfused blood becomes functional only after 24-48 hours.
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the rate of morbidity and mortality.11 Cancer patients also have
increased protein demands required for the synthesis of hepatic acute phase proteins, proteins involved in immune function
and wound healing.12 The exercise regimen not only requires
physical activity but also needs to be supplemented with protein
supplements as to build up the muscles. Hence their nutritional
status must be assessed by dietician for the risk of malnutrition
and counseling regarding supplementation.

Role of Smoking and Alcohol Cessation in Surgical
Prehabilitation of Cancer Patients

Smoking and alcohol consumption are commonly encountered
lifestyle risk factors, that adversely affect the outcome after surgery. Alterations in pulmonary and cardiovascular functions, impaired wound healing, diminished immune response, increased
risk of infections and bleeding episodes, delaying in administration of neoadjuvant therapy, increased recurrence, second primaries, and high mortality are all associated with smoking and
alcohol consumption.22-25

Dietary daily protein intake of 1.2 g/kg body weight
must be targeted. Whey proteins may be considered as a good
supplement for protein enhancement for skeletal muscle as it
rich in leucine content and it also stimulates translation initiation of protein synthesis in skeletal muscle.13 Whey proteins also
exhibit anti-inflammatory effects by promoting synthesis of glutathione due to high cysteine content.14 Furthermore, omega-3
fatty acids, particularly eicosapentaenoic acid and docosahexaenoic acid, which are found naturally in fish oils, should also
be supplemented as they have been shown to reduce oxidative
stress and inflammation in cancer and surgical patients.15

These changes can be reversed to some extent by
discontinuation in pre-operative period. Counseling with administration of continuous nicotine replacement therapy and
Vareniciline either alone or in combination may be helpful in
cessation.26 Though the improvement in body after abstinence
from smoking and alcohol starts from beginning itself, but recovery of specific organ dysfunctions varies with regards to time
required for optimization of organ specific function (Table 2).27

Role of Psychological Stress Reduction in Surgical
Prehabilitation of Cancer Patients

MEASURING OF OUTCOMES AFTER SURGICAL
PREHABILITATION

The presence of psychological distress like anxiety and depression are commonly found in cancer patients. Pre-operative
psychological distressis associated with higher levels of pain,
non-compliance with medical treatment, diminished immune response, poor wound healing, longer hospital stayand increased
risk of mortality.16-18 The various interventions as a part of prehabilitation includes; deep breathing, progressive muscle relaxation and meditation, visualization yoga, music, guidedimagery
and/or problem-solving, and coping strategies. These strategies
not only help in overall improvement of patients in pre-operative
status, but also enhance and reinforce patients’ motivation to
comply with other strategies of prehabilitation, like the exercise
and nutritional aspects as well. As a result, techniques have been
shown to improve the quality of life (QoL) by reducing anxiety,
depression, severity of pain and fatigue.19-21

Outcome’s measures that have been used to measure the effect
of prehabilitation include; compliance to prehabilitation programme, 6MWT (the maximum distance the participant can
walk in 6 min), anaerobic threshold (AT), Hospital Anxiety and
Depression Scale (HADS), length of hospital stay, and postoperative complications using Clavien-Dindo classification,
health-related QoL using 36-item short-list questionnaire (SL36).28,29
CONCLUSION

To conclude, prehabilitation remains a important component of
holistic management of an cancer patient. The outcome after surgical intervention would improve if timely interventions like nutrition, exercise etc as part of prehabilitation becomes a integral

Table 2: Beneficial Systemic Bodily Effects of Alcohol and Smoking Abstinence.

Res Pract Anesthesiol Open J

Alcohol abstinence

Recovery

Smoking abstinence

Recovery

Immune competence

2-8 weeks

Immune competence

2-6 weeks

Wound healing

8 weeks

Wound healing

3-4 weeks

Endocrine stress response

2-12 weeks

Pulmonary function

6-8 weeks

Pulmonary function

6-8 weeks

Bone regeneration

<6 months

Haemostasis

1-4 weeks

Cardiac function
• Without symptoms
• With severe failure

• 1 month
• 1-6 months
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part of overall management.
CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest.
REFERENCES

1. WHO. Cancer Fact Sheet No. 297; 2017. Web site. http://
www.who.int/mediacentre/factsheets/fs297/en. Accessed May
21, 2017.
2. Finks JF, Osborne NH, Birkmeyer JD. Trends in hospital volumeand operative mortality for high-risk surgery. N Engl J Med.
2011; 364: 2128-2137. doi: 10.1056/NEJMsa1010705
3. Lucas DJ, Pawlik TM. Quality improvement in gastrointestinal surgical oncology with American College of Surgeons National Surgical Quality Improvement Program. Surgery. 2014;
155: 593-601. doi: 10.1016/j.surg.2013.12.001
4. Christensen T, Benedix T, Kehlet H. Fatigue and cardiorespiratory function following abdominal surgery. Br J Surg. 1982;
69: 417-419. doi: 10.1002/bjs.1800690721
5. Silver JK, Baima J. Cancer prehabilitation: An opportunity
to decrease treatment related morbidity, increase cancer treatment options, and improve physical and psychological health
outcomes. Am J Phys Med Rehabil. 2013; 92: 715-727. Web
site. http://onlinelibrary.wiley.com/doi/10.1002/cncr.28713/pdf.
Accessed May 21, 2017.
6. Alibegovic AC, Sonne MP, Hojbjerre L, et al. Insulin resistance induced by physical inactivity is associated with multiple
transcriptional changes in skeletal muscle in young men. Am J
Physiol Endocrinol Metab. 2010; 299: E752-E763. doi: 10.1152/
ajpendo.00590.2009
7. Lemanne D, Cassileth B, Gubili J. The role of physical activity in cancer prevention, treatment, recovery, and survivorship.
Oncology (Williston Park). 2013; 27: 580-585. Web site. http://
www.cancernetwork.com/survivorship/role-physical-activitycancer-prevention-treatment-recovery-and-survivorship.
Accessed May 21, 2017.
8. Boshuizen RC, Vincent AD, van den Heuvel MM. Comparison
of modified Borg scale andvisual analog scale dyspnea scores in
predicting re-intervention after drainage of malignant pleural
effusion. Support Care Cancer. 2013; 21: 3109-3116. doi:
10.1007/s00520-013-1895-3
9. Sabiston CM, Brunet J, Vallance JK, et al. Prospective examination of objectively assessed physical activity and sedentary time after breast cancer treatment: Sitting on the crest of the
teachable moment. Cancer Epidemiol Biomarkers Prev. 2014;
23: 1324-1330. doi: 10.1158/1055-9965.EPI-13-1179
Res Pract Anesthesiol Open J

doi: 10.17140/RPAOJ-2-112

10. Nicolini A, Ferrari P, Masoni MC, et al. Malnutrition, anorexia and cachexia in cancerpatients: A mini-review on pathogenesis and treatment. Biomed Pharmacother. 2013; 67: 807817. doi: 10.1016/j.biopha.2013.08.005
11. Jie B, Jiang ZM, Nolan MT, et al. Impact of preoperative
nutritional support on clinical outcome in abdominal surgical
patients at nutritional risk. Nutrition. 2012; 28: 1022-1027. doi:
10.1016/j.nut.2012.01.017
12. Wolfe RR. The under appreciated role of muscle in health
and disease. Am J Clin Nutrit. 2006; 84: 475-482. Web site.
http://ajcn.nutrition.org/content/84/3/475.long. Accessed May
21, 2017.
13. Burke LM, Hawley JA, Ross ML, et al. Preexercise aminoacidemia and muscle protein synthesis after resistance exercise. Med Sci Sports Exerc. 2012; 44: 1968-1977. doi: 10.1249/
MSS.0b013e31825d28fa
14. Grey V, Mohammed SR, Smountas AA, et al. Improved
glutathione synthesis in young adultpatients with cystic fibrosis
supplemented with whey protein. J Cyst Fibros. 2003; 2: 195198. doi: 10.1016/S1569-1993(03)00097-3
15. Chen B, Zhou Y, Yang P, et al. Safety and efficacy of fish oilenriched parenteral nutrition regimen on postoperative patients
undergoing major abdominal surgery: A meta-analysis of randomized controlled trials. JPEN J Parenter Enteral Nutr. 2010;
34: 387-394. doi: 10.1177/0148607110362532
16. Kitagawa R, Yasui-Furukori N, Tsushima T, et al. Depression
increases the length of hospitalization for patients undergoing
thoracic surgery: A preliminary study. Psychosomatics. 2011;
52: 428-432.
17. DiMatteo MR, Lepper HS, Croghan TW. Depression is a
risk factor for noncompliance with medical treatment: Metaanalysis of the effects of anxiety and depression on patient adherence. Arch Intern Med. 2000; 160: 2101-2107. doi: 10.1001/
archinte.160.14.2101
18. Rosenberger PH, Jokl P, Ickovics J. Psychosocial factors and
surgical outcomes: An evidence-based literature review. J Am
Acad Orthop Surg. 2006; 14: 397-405.
19. Garssen B, Boomsma MF, Meezenbroek Ede J, et al. Stress
management training for breast cancer surgery patients. Psychooncology. 2013; 22: 572-580. doi: 10.1002/pon.3034
20. Parker PA, Pettaway CA, Babaian RJ, et al. The effects of a
presurgicalstress management intervention for men with prostate cancer undergoing radical prostatectomy. J Clin Oncol.
2009; 27: 3169-3176. doi: 10.1200/JCO.2007.16.0036
21. Larson MR, Duberstein PR, Talbot NL, et al. A presurgical

Page 27

Research and Practice in ANESTHESIOLOGY
ISSN 2474-8919

Open Journal

psychosocial intervention for breast cancer patients. psychological distress and the immune response. J Psychosom Res. 2000;
48: 187-194. doi: 10.1016/S0022-3999(99)00110-5
22. Warner MA, Divertie MB, Tinker JH. Preoperative cessation
of smoking and pulmonary complications in coronary artery bypass patients. Anesthesiology. 1984; 60: 380-383.

doi: 10.17140/RPAOJ-2-112

26. Cahill K, Stevens S, Perera R, et al. Pharmacological interventions for smoking cessation: An overview and network metaanalysis. Cochrane Database Syst Rev. 2013; (5): CD009329.
doi: 10.1002/14651858.CD009329.pub2

23. Tonnesen H. Alcohol abuse and postoperative morbidity.
Dan Med Bull. 2003; 50: 139-160.

27. Tønnesen H, Nielsen PR, Lauritzen JB, Møller AM. Smoking and alcohol intervention before surgery: Evidence for best
practice. Br J Anaesth. 2009; 102: 297-306. Web site. http://
www.medscape.com/viewarticle/588553_4. Accessed May 21,
2017.

24. Schnoll RA, Martinez E, Langer C, et al. Predictors of
smoking cessation among cancer patients enrolled in a smoking cessation program. Acta Oncol. 2011; 50: 678-684. doi:
10.3109/0284186X.2011.572915

28. Gillis C, Li C, Lee L, et al. Prehabilitation versus rehabilitation: A randomized control trial in patients undergoing colorectal resection for cancer. Anesthesiology. 2014; 121: 937-947.
doi: 10.1097/ALN.0000000000000393

25. Kim SW, Kong KA, Kim DY, et al. Multiple primary cancers involving lung cancer at a single tertiary hospital: Clinical
features and prognosis. Thorac Cancer. 2015; 6: 159-165. doi:
10.1111/1759-7714.12158

29. Silver JK, Baima J, Mayer RS. Impairment-driven cancer
rehabilitation: An essential component of quality care and survivorship. CA Cancer J Clin. 2013; 63: 295-317. doi: 10.3322/
caac.21186

Res Pract Anesthesiol Open J

Page 28

ANESTHESIOLOGY
ISSN 2474-8919

Case Report
*

Corresponding author

Majed A. Refaai, MD

Associate Professor
Department of Pathology and
Laboratory Medicine
Transfusion Medicine Division
University of Rochester Medical
Center, Rochester, New York, USA
E-mail: Majed_Refaai@URMC.Rochester.edu

Volume 2 : Issue 2
Article Ref. #: 1000AOJ2113

Article History
Received: August 20th, 2017
Accepted: September 22nd, 2017
Published: September 25th, 2017

Citation
McQuaid C, Cahill CM, Masel D, Kievitt A, Blumberg N, Refaai MA. A rare
septic transfusion reaction: Case report. Anesthesiol Open J. 2017; 2(2):
29-32. doi: 10.17140/AOJ-2-113

Open Journal

http://dx.doi.org/10.17140/AOJ-2-113
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Report
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SBB; Aimee Kievitt, MT (ASCP); Neil Blumberg, MD; Majed A. Refaai, MD*
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BACKGROUND

Transfusion of packed red blood cells (PRBCs) is indicated in severely bleeding patients and in
anemic patients who require increased oxygen-carrying capacity. According to the 2016 AABB
guidelines, for patients who are hemodynamically stable without active bleeding, PRBC transfusion is likely indicated for hemoglobin of 6 to 7 g/dL.1 A higher threshold (<8 g/dL) is indicated in patients with cardiovascular disorders.
Transfusion of PRBCs is associated with an increased risk of adverse reactions. Complications may occur over a wide range of time from immediately during transfusion to days
afterwards. These include allergic reactions, febrile non-hemolytic reactions, hemolysis, transfusion associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI),
transfusion-transmitted pathogens, and immune-mediated reactions. Transfusion-associated
sepsis (TAS) is an acute nonimmune reaction that is more common with platelet transfusion
at an incidence of 1:25,000 for pooled platelets and 1:50,000 for single donor platelets. The
estimated incidence of TAS in PRBC transfusion is 1:250,000.2 Due to low storage temperatures of PRBCs, the most significant hazards are psychrophilic or cryophilic organisms that
grow in cold (4 °C) temperatures and use citrate as a nutrient such as Pseudomonas species,
Yersinia enterocolitica, Campylobacter, and Serratia species.3 Contamination of PRBC units
most likely occurs due to non-aseptic technique during phlebotomy, contaminated equipment
used for blood collection and processing, and rarely due to its presence in the donor blood at
the time of donation.
CASE

A 29-year-old woman with microangiopathic hemolytic anemia associated with Systemic Lupus Erythematosus (SLE) and Lupus nephritis was admitted to the hospital for lupus flare. Her
medical history indicated that she received Rituximab and Cytoxan infusion during her previous admission and had been receiving Cytoxan infusions as an outpatient. Her current hospital
course was complicated by thrombotic thrombocytopenic purpura (TTP), hemolytic-uremic
syndrome (HUS), renal failure, and pericardial effusion with tamponade. Plasmapheresis procedures were initiated twice a week concurrent with hemodialysis three times a week as an
outpatient.

Copyright
©2017 Refaai MA. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.
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A few weeks later, the patient came to the apheresis unit for her regular out-patient
plasma exchange procedure. She felt well and did not report any pain, fever, chills, or shortness
of breath. Her pre-procedure vitals were stable (blood pressure (BP) 138/75 mmHg, hematocrit
(HCT) 23, platelet count (PLT) 110). Her only complaint was fatigue which was thought to be
secondary to hypokalemia (K+ was 2.8 mEq/L two days earlier and was currently 3.3; normal
range 3.2-5.5 mEq/L). She also complained of loose stools after taking labetalol, which was
a common side effect for her. However, this may have been due to Costridium difficile as she
tested positively on admission to the ICU. She took all of her medications earlier that morning except labetalol (800 mg twice/day with instructions to hold for systolic blood pressure
(SBP)<113 mmHg) because her SBP at home was 106 mmHg. The apheresis procedure started
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at 8:40 am for 1x volume plasma exchange. The patient was
pre-medicated with Tylenol (650 mg PO) and hydrocortisone
(100 mg IV) and tolerated apheresis well. The patient received
11 units of plasma during the apheresis procedure, which was
concluded successfully at 10:30 am. Due to a chief complaint of
fatigue and a HCT of 23, one unit of PRBCs was ordered by her
hematologist to be transfused after the apheresis procedure.
Her current type and screen test (TST) result was ONegative (consistent with her medical record) with a positive
antibody screen identified as Anti-D due to Rho Immune Globulin. A full-crossmatched, O Negative PRBC was released for
transfusion at 10:42 am. The PRBC transfusion was started at
10:52 am at a rate of 100 mL/hr. The patient’s pre-transfusion
vitals were: temperature=37 °C, BP 138/75, and pulse 97. At 12
pm the patient experienced a sudden sharp occipital headache
that she rated as 7 (on a scale of 1-10), back pain, heaviness of
her lower extremities, and reported “I cannot get comfortable”.
The transfusion was stopped. BP was found to be slightly elevated at 154/94 mmHg. She received labetalol (800 mg PO),
Lasix (20 mg IV), oxycodone (5 mg PO), Tylenol (650 mg PO),
and hydrocortisone (100 mg IV). Twenty minutes later the patient felt better and her BP was 159/96 mmHg; another dose of
Lasix (20 mg IV) was administered. Following a consultation
with one of the hematology fellows, the apheresis nurse was
advised that this was most likely an allergic reaction and the
nurse was informed that she could restart the PRBC transfusion.
As the patient was feeling better, the same PRBC transfusion
was restarted 1.5 hours later at a rate of 100 mL/hr. BP then
was 104/54 mmHg, heart rate 117 bpm, and temperature 37.6
°C. Within 15 minutes of restarting the transfusion, the patient
became pale and her BP dropped further to 98/47 mmHg with a
heart rate of 115 bpm. The patient expressed concern about her
blood pressure so to overcome this slight hypotension the transfusion rate was increased to 150 mL/hr. Five minutes later she
was reported to have rigors, was crying and reported being very

http://dx.doi.org/10.17140/AOJ-2-113

scared and emotional, and complaining of crushing chest pain
and shortness of breath. At this time, BP was found to be 87/40
mmHg, heart rate in the 50s, respiration in the 40s, temperature
of 37.3 °C, and O2 saturation low at 60% on room air and 80%
on 100% oxygen non-rebreather mask. The PRBC transfusion
was discontinued after a total of 150 mL was administered, and
the patient received Benadryl (50 mg IV), hydrocortisone (100
mg IV), and Demerol (25 mg IV) and was sent to the emergency
department (ED) for the crushing chest pain. Upon arrival in the
ED the patient felt warm to the touch and had a temperature of
38.6 °C. One of the patient care teams evaluating the patient felt
the reaction was acute and was likely transfusion-related acute
lung injury (TRALI). The remaining PRBCs and tubing were
sent to the blood bank to complete a transfusion reaction workup. A fresh patient’s blood sample was also sent to the microbiology laboratory for a sterility blood culture.
A Transfusion Reaction workup was initiated immediately at the blood bank. Clerical errors were ruled out. No hemolysis in the returned PRBC unit was obvious (19-days-old).
However, moderate hemolysis in the patient’s post-reaction
specimen was observed. The post-reaction patient testing was
confirmed to be O Negative with a negative direct antiglobulin
test (DAT). Repeat ABO testing of the PRBC unit matched the
collection center label. Repeat testing of the patient’s pre-reaction specimen agreed with the original results. Repeat testing of
the full-crossmatch to both the patient’s pre-reaction specimen
and post-reaction specimen confirmed compatibility of the unit.
It was noted by one of the blood bank staff that the
PRBC looked darker in color (Figure 1A, 1B and 1C). This
color became progressively darker the longer the unit was exposed to room temperature. Several of the segments attached to
the bag were also darker and several (those farthest from the
bag) remained bright red with a normal appearance. Due to the
moderate hemolysis in the patient’s post-reaction specimen, the

Figure 1: A) Represents a Dark Red Color of Contaminated PRBC (Actual
Photo of Contaminated PRBC); B) Represents the Bright Red Color of Normal ~20 Days Stored PRBC; C) Segments Attached to the Contaminated
Unit, some being Dark and some being Normal in Color.

Anesthesiol Open J
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blood bank interpreted the transfusion reaction as a possible
acute hemolytic reaction with no further transfusions allowed
at the time. The product bag and all segments were sent to the
Microbiology laboratory for gram stain and sterility blood cultures. Meanwhile, the patient’s temperature was reported to be
up to 38.6 °C. Two hours later the gram stain of the PRBC bag
was reported positive for gram variable bacilli. Three days later
the sterility blood culture indicated Serratia liquefaciens with
colony forming units/mL too numerous to count (Figure 2A and
2B). The noticeably darker segments attached to the unit were
also found to contain Serratia liquefaciens while the segments
that remained normal in appearance had no growth. The same
bacteria were retrieved in the patient’s post-transfusion blood
sample. The interpretation of the transfusion reaction was modified to bacterial sepsis caused by contamination of the PRBC
unit.
While in the ED, the patient received Solumedrol (125
mg IV) and Lasix (20 mg IV). Her chest X-ray showed moderate
pulmonary edema along with worsening pleural effusion. She
was then admitted to the medical ICU for septic shock management, which included broad spectrum antibiotic therapy and inotropic support with norepinephrine bitartate (Levophed, Phizer,
New York, New York, USA) infusion. Infectious disease was
consulted and she was treated with ceftriaxone (2 g IV/day for
17 days) and tobramycin (300 mg IV/day for 6 days). She was
also treated for Clostridium difficile, which she likely was infected with prior to admission, and completed a course of metronidazole (500 mg IV/8 hours for 23 days) and vancomycin
(1,000 mg IV for 2 days and 125 mg PO/6 hours for 3 doses).
Antibiotic treatment was effective as evidenced by improvement
in leukocytosis per the infectious disease service.
At the time of admission to the ICU the patient displayed signs of cardiac tamponade due to a worsening chronic
effusion. A drain was placed and 800 mL of fluid was removed
with another 250 mL drained in 24 hours. After the procedure
the norepinephrine bitartrate infusion was weaned and the patient was transitioned to a vasopressin (Vasopin, Samarth Pharma Pvt. Ltd., Mumbai, Maharahtra, India) infusion for 24 hours.
Continuous veno-venous hemodialysis (CVVHD) was initiated
due to her chronic renal failure with orders to remove 250 mL
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of fluid per day above baseline. On day 3 of hospitalization
she developed decompensated hypoxic respiratory failure and
pulseless electrical activity arrest several days later and received
50 minutes of CPR and 20 minutes of chest compressions and
shocks. CVVHD was stopped and the patient received 3L of
normal saline for volume support. At the time of intubation the
patient had copious amounts of pink frothy secretions. Epoprostenol (FLOLAN GlaxoSmithKline, Brantford, UK) was started
and the patient required 100% FiO2 and 20 mmHg of positive
end expiratory pressure to treat pulmonary hypertension. She
was subsequently placed on Artic Sun Protocol; a temperature
management system by Medivance (Louisville, CO, USA). This
system uses water-circulating gel pads placed on the patient’s
skin covering approximately 40% of the patient’s body surface
area. This treatment is considered moderate hypothermia and reduces the core body temperature to between 32 °C to 35 °C. After cardiac arrest oxygen stores are depleted and the brain turns
to anaerobic metabolism within minutes. This causes cellular
trauma which leads to electrolyte imbalance, cytotoxic edema
and cell death. Even after oxygen is restored to the brain, inflammation processes continue to injure the brain. This is known
as reperfusion injury and may last for up to 48 hours. Induction of hypothermia decreases the cerebral metabolic rate 6 to
7% for every 1 °C drop in body temperature, thereby reducing
the inflammatory response and preventing neurological injury.5,6
Additionally, continuous chemical paralytic and sedation infusions were started for five days. Full neurologic recovery was
accomplished after 14 days in the ICU. Initial confusion and
restlessness was attributed to possible encephalopathy but was
more likely related to narcotic withdrawl and ICU psychosis.
DISCUSSION

The genus Serratia consists of at least 15 species that are facultative anaerobic gram-negative rods of the Enterobacteriaceae
group. Serratia marcescens is an established human pathogen
associated with urinary tract infection, pneumonia, and blood
stream infections. Serratia species may be most known for
their proportion of eye infections, second only to Pseudomonas
aeruginosa. Other common species include S. liquefaciens, S.
plymuthica, and S. rubidaea. Human infections caused by Serratia species are thought to arise from exogenous environmen-

Figure 2: A) Serratia liquefaciens on Blood Agar. August 2014. www.microregistrar.com.
May 2017 B) Serratia liquafaciens Biofilm SEM. Scimat/Science Photo Library. May 2012.
microbewiki.kenyon.edu. May 2017.
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tal sources rather than from commensal flora. The incidence of
Serratia infections is estimated to be 10.8 per 100,000 people
annually, with a hospital onset rate of 0.4 per 1000 inpatient discharges according to a single Canadian study.6
To reduce the likelihood of contamination in blood collection, the WHO recommendation for blood drawing is that
the skin around the collection site be carefully examined and
cleaned before the needle is inserted.7 Skin disinfection reduces
the skin bacterial load, but a sterile venipuncture cannot be guaranteed due to inaccessibility of organisms present in sebaceous
glands and hair follicles.8
In this case, our blood collection center was notified
of the recipient complication and they investigated the donor
and the collection process. In their investigation they found that
the donor was in good health and the phlebotomy site was acceptable. Although, the exact source of contamination could not
be determined, the phlebotomy staff involved was observed to
ensure appropriate arm scrub and preparation techniques were
followed. It is most probable that the bacterial contamination
originated from an environmental source and was introduced
into the blood unit during collection or processing. However,
the fact that some of the farthest segments tested negative for the
bacteria indicates that the contamination most likely occurred
from environmental factors during unit processing.
While the exact cause may not be determined, there
is a notable learning opportunity in how this case progressed.
Roughly an hour after the transfusion was started, it was
stopped. It is occasionally stated that allergic transfusion reactions to plasma are an exception to the rule and can be restarted.
Transfusions should never be restarted after discontinuation, regardless of the type of reaction. Also, the Transfusion Medicine
Service was never consulted during this reaction. It should not
be assumed that a reaction is allergic in nature unless discussed
with a blood bank supervisor or transfusion medicine faculty
member. Restarting this PRBC after being at room temperature
for several hours, and subsequently increasing the infusion rate,
allowed an additional dose of bacterial contamination to enter
the patient’s blood stream and further complicated her clinical
picture. A suspected transfusion reaction should always be immediately stopped and reported to the Transfusion Medicine Department. They are most qualified to advise the care team on
the best plan of action moving forward. Transfusion reaction
signs and symptoms do not always follow the “expected guidelines.” The patient’s vital signs and symptoms in this case could
have easily been interpreted as a possible hemolytic, TRALI,
or TACO reaction, all of which were mentioned in the patient’s
medical record at some point. Symptoms of agitation, feeling
uncomfortable, anxious, or emotional (the sense of “impending
doom”) should always be taken very seriously and a transfusion
should be stopped immediately. These symptoms reported by the
patient, are often more critical than vital signs and often implicate a serious reaction.
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CONCLUSION

In conclusion, any indication of a possible transfusion reaction warrants investigation by the transfusion medicine service.
When there is a suspicion of any reaction, even a mild case, the
transfusion must not be restarted but should be sent for additional evaluation and testing in order to prevent a catastrophic event
such as this. When blood product contamination is identified, all
other products from the donor are quarantined in order to avoid
additional complications to other recipients. This case highlights
the important role that transfusion medicine practitioners play in
maintaining a safe blood supply and ensuring the best outcomes
for transfused patients.
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ABSTRACT

Dexamethasone has been used widely in clinical specialties including anesthesia. It is regarded
as one of the ideal peri-operative agent being readily available, cheap, anti-inflammatory agent,
prevents and treats post-operative nausea and vomiting (PONV), promotes appetite, suppress
inflammation, a good analgesic agent both as intravenously or as an adjuvant to peripheral
nerve blocks, it provides a sense of well-being and is considered to have a good quality of
recovery and early discharge in patients from anesthesia. Controversial role of dexamethasone
in causing post-operative surgical site infections have been solved and overall adverse effects
of dexamethasone are rare and its benefits out-weighs the risks involved. The author did a
literature search in Google Scholar and PubMed databases (latest articles related to the role of
dexamethasone in peri-operative period over a period of two years 2015-17).
KEY WORDS: Dexamethasone; Peri-operative agent; Anesthesia.
KEY MESSAGES: Dexamethasone has a tremendous role in preventing post-operative nausea
and vomiting, it has a fair analgesic action if given intravenously, epidurally or perineurally,
patients receiving dexamethasone have enhanced recovery profiles after surgery and single
dose would usually not increase the risk of surgical site infections. Overall adverse effects of
dexamethasone are rare and its benefits out-weighs the risks involved.
ABBREVIATIONS: COPD: Chronic Obstructive Pulmonary Disease; PONV: Post-operative

Nausea and Vomiting; TIVA: Titrated Total Intravenous Anesthesia; AVN: Avascular Necrosis;
POCD: Post-operative Cognitive Decline; TPVB: Thoracic Paravertebral Block; PACU: Post
Anesthesia Care Unit; GABA: γ-aminobutyric acid; DNB: Dental Nerve Block; TMS: Third
Molar Surgery.
INTRODUCTION

Copyright
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Glucocorticoids have been used to reduce inflammation and tissue damage in a variety of conditions, including inflammatory bowel disease, rheumatoid arthritis, asthma, chronic obstructive pulmonary disease (COPD), acute laryngotracheobronchitis, cerebral edema, severe allergy or anaphylaxis, promote lung maturation in pre-term and some malignancies to counteract
inflammatory and nausea vomiting side effects of chemotherapeutic agents. Dexamethasone
is a synthetic glucocorticoid which has minimal mineralocorticoid activity. It is a potent antiinflammatory drug with thirty to forty times the potency of hydrocortisone and is up to sixteen
times as potent as prednisolone.
AN IDEAL PERI-OPERATIVE AGENT AND MECHANISM OF ACTION

Dexamethasone has been used widely in clinical specialties including anesthesia. The biological half-life is about 3 hours, although the duration of action may be much longer. Dexamethasone is bound to plasma proteins in much lower-levels than other glucocorticoids. Hepatic
metabolism (both glucuronidation and sulfation) occurs to produce inactive metabolites, with
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65% of the dose of dexamethasone excreted in the urine within
24 hours, with less than 3% unchanged.
It is regarded as one of the ideal peri-operative agent
being readily available, cheap, anti-inflammatory agent, prevents and treats post-operative nausea and vomiting (PONV),
promotes appetite, suppress inflammation, a good analgesic
agent both as intravenously or as an adjuvant to peripheral nerve
blocks, it provides a sense of well-being and is considered to
have a good quality of recovery and early discharge in patients
from anesthesia. It has a complex mechanism of action involving binding of steroid ring to the receptor effect site, which results in gene transcription, and resulting in decreased release of
mediators like bradykinin, IL 1, 2 and 6, resulting in pain relief.
DEXAMETHASONE: ROLE IN PONV

The mechanism of action of dexamethasone as an antiemetic
agent, is unknown, there are various postulated mechanism is
depletion of γ-aminobutyric acid (GABA) stores, and reduction of blood brain barrier to emetogenic toxins, inhibition of
central prostaglandins and serotonin. There are tremendous literature available which suggest that dexamethasone reduce the
incidence of post-operative nausea and vomiting. In one of the
biggest DREAMS trial collaborators, 1350 participants were
randomly allocated to dexamethasone and control group, and it
was found that a single dose of 8 mg dexamethasone reduced
the incidence of nausea and vomiting till 24 hours and rescue
anti-emetics were not required till 72 hours in patients who underwent bowel surgeries with no adverse events.1
Vlok found that there is a significant reduction in
post-operative nausea and vomiting and post-operative pain as
compared to tramadol, pethidine, magnesium sulphate and tramadol.2 Sehavat et al suggested that a single prophylactic dose
of dexamethasone 8 mg after an operation can reduce postoperative nausea and vomiting.3 Naryanappa et al suggested that
combination of dexamaethasone and ramosetron is more effective than palonosetron in PONV prevention, and they did their
study in gynecological surgeries under spinal anesthesia.4
While there were researchers who were publishing
astonishing results of dexamethasone as a good prophylactic and
therapeutic agent for PONV, there were concerns which were
raised suggesting the risk of surgical site infections. Kurz et al
did investigations and found that a single dose of dexamethasone
used in peri-operative period does not increase the risk of surgical site infections.5 However, the combination of dexamethasone and ondansetron was not effective in preventing PONV or
severe PONV in obese patients undergoing laparoscopic sleeve
gastrectomy after titrated total intravenous anesthesia (TIVA).6
DEXAMETHASONE: ANTI-INFLAMMATORY ACTION

Research on clinically significant anti-inflammatory action of
dexamethasone has been studied in dental, ear nose and throat
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(ENT) surgeries. Dexamethasone in dosage of 0.5 mg/kg reduces edema and also has been found to modulate bronchial hyper reactivity in asthmatic patients. Yang et al have found that
a single bolus of 10 mg dexamethasone at the time of induction
in thyroidectomies reduced the incidence as well as severity
of post-operative sore throat during swallowing at 24 hours after surgery.7 However, Kamranmanesh et al studied the role of
dexamethasone in pediatric age group and found that the incidence of cough (31% vs. 34%), laryngospasm (16% vs. 14%),
apnea (9% vs. 5%), desaturation (4% vs. 5%), bronchospasm
(14% vs. 7%), vomiting (4% vs. 6%), and post-operative symptoms (8% vs. 7%), were less but not significantly different in
patients receiving dexamethasone and placebo group.8 Lim et
al in their prospective randomized double-blind study suggested
that a single pre-operative dose of dexamethasone versus methylprednisolone was equally effective in reducing post-operative
swelling and trismus.9
EFFECT ON NEUROMUSCULAR BLOCKADE

So et al have found that a single dose of dexamethasone in dosage of 8 mg administered 2-3 hours prior to surgery have shortened the onset and recovery times of cis-atracurium induced
block by 15% by enrolling one hundred seventy patients into 3
groups, and patients received 8 mg dexamethasone. Three minutes after anesthesia induction, intubation was performed without neuromuscular blockers, and acceleromyography was initiated. All patients received 0.05 mg/kg cisatracurium; the onset
time and recovery profiles were recorded. The recovery time
[mean (95% CI) minutes] was significantly hastened in dexamethasone group [28.5 (27.3-29.6)] compared to that in control group [32.3 (31.0-33.6)] (p<0.001) and control group [30.9
(29.9-31.8)] (p=0.015). The total recovery time was significantly
hastened more in dexamethasone group [47.1 (45.5-48.6)] than
group control [52.8 (51.6-54.0) minutes] (p<0.001) and control
group [50.5 (48.7-52.3) minutes] (p=0.008).10
ANALGESIC EFFECT OF INTRAVENOUS DEXAMETHASONE

Analgesic action of dexamethasone has been found in dental surgeries (e.g., tooth extraction), ENT surgeries (e.g., mastoidectomy, tonsillectomy, adenoidectomy, etc.), ano-rectal surgeries.
Even its role has been well defined in total knee arthroplasty,
Samona et al have used a single dose of dexamethasone and
have found that there is significant reduction in narcotic consumption and significant decrease in pain scores at 24 hrs. It also
appears to be a safe modality in patients undergoing total knee
arthoplasty (TKA) with no increase in wound related complications.11 Jain et al have compared different dosage of dexamethasone and have found that 16 mg reduces post-operative pain on
motion at 24 and 36 hours.12 Role of intravenous dexamethasone
has not just confined to systemic analgesia rather its role has
been defined in prolonging the peripheral nerve blockade. Addition of dexa both intravenously and caudally as an adjuvant
to caudal ropivacaine has been found to reduce the intensity of
post-operative pain and prolonging the post-operative analge-
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sia.13 Chalifoux have found that low doses of intravenous dexamethasone (4 mg and 10 mg) significantly prolongs the analgesic
duration of interscalene block.14

ter analgesia in group receiving dexamethasone as compared to
lignocaine and ketorolac, and the difference being statistically
significant.22

The mean visual analog scale (VAS) was significantly lower in the Group C for up to 24 h following the caudal block. No significant hemodynamic changes were noted
in any of the groups. The intravenous dexamethasone group
showed higher blood glucose levels at 24 h but was not clinically
relevant. These results suggest that injection dexamethasone is a
safe adjunct to caudal ropivacaine in lumbosacral spine surgeries.15 The authors concluded that administration of dexamethasone 8 mg intravenously prolongs the duration of post-operative
analgesia and sensory block in patients undergoing lower
segment cesarean section under spinal anesthesia.16

Addition of dexamethasone to ropivacaine in transversus abdominis plane (TAP) blockade has also been found to
have prolonged analgesia and reduced analgesic requirement in
total abdominal hysterectomy. Post-operative VAS pain scores
were significantly lower at 4, 6, and 12 h in Group Ropivacaine
Dexamethasone (RD) as compared to Group Ropivacaine (R)
alone (p<0.05). Significantly longer analgesia (13.2±7.6 vs.
7.1±4.6 h, p<0.001) with lesser tramadol requirement in first 24
h (50.2±34 vs. 94±35 mg, p<0.001) were observed in Group RD
as compared to Group R.23

ROLE OF EPIDURAL DEXAMETHASONE IN CENTRAL
NEURAXIAL BLOCKADE

The mechanism of action by which epidural or perineural dexamethasone acts is unknown, some believe it to be because of
direct membrane stabilizing effect on nerves or direct action on
spinal cord by means of transcription factors like nuclear factor
kappa B (NF- κB). Hong et al have used epidural dexamethasone
and found that 10 mg epidural dexamethasone was more effective than lower dosage in patients undergoing gastrostomy, associated with moderate to severe intensity of pain. Total fentanyl
consumption was also significantly less in dexamethasone group
and no difference in adverse events like hypotension, bradycardia, post-operative nausea and vomiting and urinary retention
were found.17
PERINEURAL DEXAMETHASONE

Dexamethasone prolongs the action of lignocaine 2% in dental
nerve block (DNB) for third molar surgery (TMS). Study found
maximum duration of DNB in study group (SG) was 248.88
min and in control group (CG) was 175.44 min.18 In a study
by Zhao et al it was found that perineural dexamethasone prolongs the analgesic duration as compared to intravenous route
only when epinephrine is coadministered. Without epinephrine,
the two modalities show equivalent effect as adjuvants on regional anesthesia.19 Razavizadeh et al affirmed that adding dexa
to bupivacaine in patients undergoing herniorrhaphy in inguinal
area significantly prolongs the duration of post-operative analgesia.20 Ribeiro et al have found a significant increase in duration
of analgesia in dexamethasone group in 0.1 mg/kg dosage as
compared to placebo with bupivacaine in upper limb surgeries in
pediatric age group, The duration of analgesia in the group BD
was 27.1±13.4 hours and was significantly higher as compared
to the group B, in which it was 13.9±11.3 hours (p<0.05) receiving dexamethasone (0.1 mg/kg) as an adjunct to bupivacaine
0.125%.21
Similar result has been shown by Akram et al in finding improved tolerance in hand and forearm surgeries and bet-
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Dexamethasone 300 µg/kg with ropivacaine intraarticular has a superior analgesic efficacy a much prolonged postoperative pain relief, minimal post-operative analgesia requirement and better patient compliance with negligible side effects.
Liu et al did a prospective observational study and used a single
shot of bilateral thoracic paravertebral block (TPVB) with 25 ml
of 0.2% ropivacaine and 5 mg dexamethasone in combination
for both sides at the 8th thoracic transverse level (T8) performed
on 201 participants who complained moderate to severe pain on
arrival to postanesthesia care unit (PACU) after laparotomy. The
VAS pain scores at rest and on cough were 7.9±1.6 and 8.7±1.3
respectively pre-bilateral TPVB. The VAS pain scores at rest and
on cough were significantly decreased to 1.1±1.2 and 2.1±1.6
respectively (p<0.001) at 60 min after bilateral TPVB and to
2.1±1.7 and 3.8±1.9 at rest and on cough respectively ((p<0.001)
at 24 h after bilateral TPVB. At 10 min post-bilateral TPVB,
only systolic blood pressure was reduced from 122±19 mmHg to
111±18 mmHg (p=0.007) but then gradually became stable.24 In
addition to its useful effects, dexamaethasone has been tried in
combination to ropivacaine in ankle block and the combination
has been found to improve pre-emptive ankle block by decreasing post-operative pain intensity and analgesic consumption
with minimal post-operative complication.25 However, low dose
dexamethasone 2 mg has been found to have only modest and
inconsistent effect of questionable clinical relevance on block
duration.26
A concern has been raised in a meta-analysis carried out by Chong et al and it was suggested that perineural dexamethasone prolongs the duration of analgesia and the
magnitude of effect of 3.77 hours (95% confidence interval
[CI], 1.87-5.68 hours; p<0.001) compared to IV dexamethasone, with high statistical heterogeneity) raises the question as
to whether perineural dexamethasone should be administered
routinely over its IV counterpart or reserved for selected patients
where such prolongation would be clinically important. For
secondary outcomes, perineural dexamethasone prolonged
the duration of both motor (3.47 hours [95% CI, 1.49-5.45];
p<0.001) and sensory (2.28 hours [95% CI, 0.38-4.17]; p=0.019)
block compared to IV administration. Furthermore, perineural dexamethasone patients consumed slightly less oral opioids
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at 24 hours than IV dexamethasone patients.27
ROLE OF DEXAMETHASONE IN SHIVERING

Moeen et al have shown in their study done during transurethral
prostatectomy that intrathecal dexamethasone was as effective
as intrathecal meperidine in attenuation of shivering compared
to placebo under spinal anesthesia with less adverse events. The
number of patients with shivering was higher in Group Control
(C) (13) than in Group Dexamethasone (D) (2) and Group Mepridine (M) (3) with no differences between Group D and M;
p=0.001. Intensity and recurrence of shivering and dose of IV
meperidine used to treat shivering were higher in Group C compared to Group D and Group M; p=0.01, p =0.064, and p=0.004,
respectively.28
MISCELLANEOUS ROLE OF DEXAMETHASONE

Karman et al suggested that the co-administration of dexamethasone and sevoflurane may ameliorate short-term and long-term
cognitive dysfunctions induced by sevoflurane in adult rats.
Sevoflurane may impair spatial learning and short-term and
long-term memories in adult rats.29
In severe to profound sudden deafness refractory to
conventional ST, the daily perfusion of 4 mg/ml DEX through an
intratympanic catheter is an easy, well accepted procedure that
enables patients to receive a drug in the middle ear in a repeatable or sustained form, with minimal discomfort and a partial
rescue (67.86%) and a speech recognition gain of 39% as suggested by Zanetti et al.30
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without diabetes mellitus. Also in retrospective analysis done
by Richardson et al, a single intravenous peri-operative dose
of dexamethasone had no statistically significant difference in
the rate of post-operative joint infections after total hip or knee
arthroplasty.32
QUALITY OF RECOVERY

Mihara et al have determined the quality of recovery using QoR-40 questionnaire and indicated that peri-operative dexamethasone administration may improve short-term
(i.e., one day) quality of recovery after general anesthesia and
surgery.33 In another randomized control trial done by Sakamoto
et al, have demonstrated a better quality of recovery in patients’
receiving dexamethasone compared to control for a bilateral
inguinal hernia repair surgery.34 Use of dexamethasone prior to
vaginal reconstructive surgery was associated with less nausea/
vomiting and need for antiemetics as well as greater success
with voiding trials. Furthermore, quality of recovery was enhanced, suggesting use of dexamethasone should be considered
for these patients as suggested by Pauls et al35 Valentin et al,
have revealed that dexamethasone can reduce the incidence of
post-operative cognitive decline (POCD) in elderly patients
undergoing surgery, especially when associated with BIS 4655. The effect of dexamethasone on S100β might be related
with some degree of neuroprotection. Neuropsychological tests
showed that dexamethasone associated to BIS 46-55 decreased
the incidence of POCD, especially memory and executive
function. The administration of dexamethasone might have
prevented the post-operative increase in S100β serum levels.36
ADVERSE EFFECTS OF DEXAMETHASONE

CONTROVERSIAL ROLE IN WOUND INFECTION

In the largest ENIGMA II TRIAL, there were registered 5499
subjects, and it was found that dexamethasone administration
was associated with a decrease in fever on days 1-3 [182 (8.4%)
vs. 488 (14.7%); RR 0.61; 95% CI 0.5-0.74; p<0.001] and shorter lengths of stay in hospital [propensity score-adjusted median
(IQR) 5.0 (2.9, 8.2) vs. 5.3 (3.1, 9.1), p<0.001]. Neither diabetes
mellitus nor surgical wound contamination status altered these
outcomes. Dexamethasone was administered to 2178 (40%) of
the 5499 subjects included in this analysis and was not associated
with wound infection [189 (8.7%) vs. 275 (8.3%); propensity
score-adjusted relative risk (RR) 1.10; 95% confidence interval
(CI) 0.89-1.34; p=0.38], severe post-operative nausea and vomiting on day 1 [242 (7.3%) vs. 189 (8.7%); propensity score-adjusted RR 1.06; 95% CI 0.86-1.30; p=0.59], quality of recovery
score [median 14, interquartile range (IQR) 12-15, vs. median
14, IQR 12-16, p=0.10), length of stay in the post-anesthesia
care unit [propensity score-adjusted median (IQR) 2.0 (1.3, 2.9)
vs. 1.9 (1.3, 3.1), p=0.60], or the primary outcome of the main
trial.31 And it was concluded that dexamethasone administration
to high-risk non-cardiac surgical patients did not increase the
risk of post-operative wound infection or other adverse events
up to day 30, and appears to be safe in patients either with or
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There are few authors who suggest that peri-operative administration of dexamethasone during neurosurgical procedures
can cause significant increase in blood glucose concentration
especially in patients who receive dexamethasone intraoperatively.37
Dexamethasone is particularly contraindicated in systemic fungal infections and before the administration of live
or attenuated vaccines because the response to these vaccines
cannot be predicted. The use of dexamethasone in oral cancer
patients with microvascular reconstruction did not provide a
benefit. More major complications, especially infections, occurred in patients receiving dexamethasone. Their data thus did
not support the use of peri- and post-operative dexamethasone in
oropharyngeal cancer patients undergoing microvascular reconstruction.38
Dexamethasone 8-10 mg is associated with a
significantly greater peri-operative increase in blood glucose
compared with a 4 mg dose. This model estimated the increase
in post-operative glucose to be 25 mg/dL higher over 24 hours
with dexamethasone 8-10 mg than with 4 mg (95% confidence
limits, 18-32 mg/dL).39
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Avascular necrosis (AVN) of both the humeral and
femoral heads is a known complication of chronic steroid use;
however, single dose of dexamethasone usually won’t cause
AVN. Dexamethsone induced pruritus is a known entity, and
usually patients experience genital or anorectal or perineal pruritus. It is usually short lived lasting 2-45 seconds and phosphate
group is the postulating factor for the same. It is more commonly
seen in females and is avoided by either giving dexamethasone
slow or by addition of lidocaine.40
LIMITATION OF THE STUDY

This is not a systematic review and remains author’s interpretation.
CONCLUSION

Considering the benefits of dexamethasone, there is increasing
trend towards its use. Not just it is helpful in preventing postoperative nausea and vomiting, also it has a good analgesic action both intravenously, epidurally or perineurally. Patients have
enhanced recovery profiles after surgery and single dose would
usually not increase the risk of surgical site infections. It has
an enhanced anti-inflammatory action and is a preferred drug
during inflammatory situations like asthma, chronic obstructive
pulmonary disease (COPD), laryngotracheal bronchitis and laryngospasm. Controversial role of dexamethasone in causing
post-operative surgical site infections have been solved and
overall adverse effects of dexamethasone are rare and its benefits
out-weighs the risks involved.
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From the very beginning of Morton’s successful demonstration of surgical anesthesia,
reversibility has been identified as one of the unique characteristics of anesthesia. However,
recent studies just reveal the opposite; general anesthetics (GAs) produce long-term, if not
permanent, effects in the human brain, especially in the immature brain, at clinically relevant
concentrations for clinical relevant durations, so-called the neurotoxicity of GAs on immature
brains.1 The neurotoxicity has been demonstrated with all types of GAs, including volatile anesthetics, benzodiazepine, propofol, and N-methyl-d-aspartate (NMDA) antagonists.2 Although,
the underlying mechanisms have not been well-illustrated, it has been generally accepted that
the neuroinflammation plays a vital role in the pathogenesis of GAs-induced neurotoxicity.
Due to huge impact of this subject (animal studies showed that both fetal and early post-natal
exposure to GAs caused neurotoxicity), FDA issued a change in labeling regarding the safe use
of anesthetic and sedative agents3 and suggest delaying pediatric surgerie if possible, to avoid
repeated or lengthy exposure to GAs in children under the age of 3 or in pregnant women during their third trimester.
However, most of the adverse results came from animal or in vitro studies, while most
of the human trial reveal negative results, which indicate that single exposure to GAs at early
days in their life caused no neurotoxicity in children.4-6 Even with multiple exposures, the differences are generally very small.7
Clearly, there is a huge difference between the animal and human studies designs. In
animal studies, subjects were exposed to GAs alone, without any surgical manipulation, in order to observe the isolated effect of GAs on neurodevelopment. However, in the real world, it is
unlikely for our young patients to receive GAs alone, without any surgical procedures. On the
other hand, most of the surgical procedures cannot be performed without anesthesia. Therefore,
young children receiving minor surgery (such as inguinal hernias, circumcisions, cystoscopies,
and pyloromyotomies) were included for these clinical trials,8 for which it is possible to perform without anesthesia or with light sedation only.
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The majority of pediatric surgeries cannot be performed without anesthesia deep
enough. So, it is of very limited clinical significance to compare between with and without anesthesia. As we mentioned above, all the currently available GAs have been reported to produce
neurotoxicity in developing brains. Therefore, from clinical perspective, it is more reasonable
for us to compare different types of GAs, such as inhaled versus intravenous, to identify the one
with least neurotoxicity, if there is one.
Another factor needs to be considered is that the primary diseases which require surgical treatment. It is evident that different diseases produce different effects on neurodevelopment.9 So, it is equally important to restrict the types of diseases in the future trial.
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In summary, the causal relationship between early-life exposure
to GAs and neurodevelopment impairment has not been proved
with human evidence, which remains one of the most intensively
investigated filed in our specialty. But considering the convincing results from massive preclinical studies, it may be the time
for us, the anesthesiologists, to accept the concept that anesthesia
is not completely reverse and it is highly like to produce a permanent effect in developing the brain. However, we should not
dwell on whether GA is neurotoxic or not. No matter how toxic
it could be, most of the surgeries cannot be performed without
proper anesthesia, because the untreated pain caused much more
harm to children and their developing brains. Instead, it is urgent
for us to find out the least toxic GA among current available
GAs. Like the surgeons, who never stop performing surgery in
the fear of an ugly scar, instead, they are just trying their best to
make it smaller. We, anesthesiologists, should not be demanding
of the neurotoxicity of GAs on developing brain while ignoring
the huge benefit provided by our excellent care.
CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.
REFERENCES

1. Vutskits L, Xie Z. Lasting impact of general anaesthesia on
the brain: Mechanisms and relevance. Nat Rev Neurosci. 2016;
17: 705-717. doi: 10.1038/nrn.2016.128
2. Lin EP, Lee JR, Lee CS, Deng M, Loepke AW. Do anesthetics
harm the developing human brain? An integrative analysis of
animal and human studies. Neurotoxicol Teratol. 2017; 60: 117128. doi: 10.1016/j.ntt.2016.10.008
3. FDA Drug Safety Communication: FDA review results in new

Anesthesiol Open J

http://dx.doi.org/10.17140/AOJ-2-115

warnings about using general anesthetics and sedation drugs in
young children and pregnant women. Web site. http://www.fda.
gov/Drugs/DrugSafety/ucm532356.htm. Accessed December
10, 2017.
4. Glatz P, Sandin RH, Pedersen NL, Bonamy AK, Eriksson LI,
Granath F. Association of anesthesia and surgery during childhood with long-term academic performance. JAMA Pediatr.
2017; 171: e163470. doi: 10.1001/jamapediatrics.2016.3470
5. Sun LS, Li G, Miller TL, et al. Association between a single
general anesthesia exposure before age 36 months and neurocognitive outcomes in later childhood. JAMA. 2016; 315: 23122320. doi: 10.1001/jama.2016.6967
6. Davidson AJ, Disma N, de Graaff JC, et al. Neurodevelopmental outcome at 2 years of age after general anaesthesia and
awake-regional anaesthesia in infancy (GAS): An international
multicentre, randomised controlled trial. Lancet. 2016; 387:
239-250. doi: 10.1016/S0140-6736(15)00608-X
7. Graham MR, Brownell M, Chateau DG, Dragan RD, Burchill
C, Fransoo RR. Neurodevelopmental assessment in kindergarten in children exposed to general anesthesia before the age of
4 years: A retrospective matched cohort study. Anesthesiology.
2016; 125: 667-677. doi: 10.1097/ALN.0000000000001245
8. Bong CL, Allen JC, Kim JT. The effects of exposure to
general anesthesia in infancy on academic performance at
age 12. Anesth Analg. 2013; 117: 1419-1428. doi: 10.1213/
ANE.0b013e318299a7c2
9. Armstrong FD. Neurodevelopment and chronic illness: Mechanisms of disease and treatment. Ment Retard Dev Disabil Res
Rev. 2006; 12(3): 168-173. doi: 10.1002/mrdd.20114

Page 41

