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Foreword

Cancer is not new to humanity, and its evidence has been described in the Chinese 
and Arabic medical writings. Taking a look at the present times, it is clear that the 
cancer epidemic is engulfing the world including India. The natural course of the 
disease has changed over the last decade. With the increase in the number of patients 
presenting with malignancy, and associated vast clinical and financial implications, 
early detection and prompt management is required to reduce morbidity and mortal-
ity. Also, the need for critical care healthcare services is expanding. We need dedi-
cated professionals with skill, knowledge, and expertise in managing cancer patients 
not only in the outpatient department and operation theatre but also in ICUs. There 
are many factors which work against timely response from critical care specialists. 
Firstly, there is a huge gap between demand and supply of critical care specialists 
especially those trained to handle oncological cases. Secondly, the technology and 
huge cost involved in taking care of onco-critical cases puts an extra burden on 
healthcare set-ups. And perhaps the most important factor is that onco-critical care 
does not exist as subspeciality in our country to date. Most critical care organiza-
tions have not acknowledged this lack of access, do not have an oncologic section 
and allocate minimal space for lectures in their curriculum about the specific prob-
lems only seen in these populations. There is an urgent need to develop a robust and 
organized response along with evidence-based approach to manage onco-critical 
patients. This textbook edited by Dr Vinod Kumar, Dr Nishkarsh Gupta and Dr 
Seema Mishra elucidates all the important theoretical and practical aspects pertain-
ing to research and management of patients in oncological set-up who need critical 
care support in a concise and precise manner. From an Indian perspective, this 
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textbook is first of its class. It would be of great help to all the residents and clinical 
practitioners who are involved in the management of cancer patients. I would like to 
extend my best wishes and congratulate Dr Vinod Kumar and all the authors to 
come up with this idea and bringing out a much-needed evidence-based textbook 
highlighting all the aspects regarding onco-critical care.

 Sushma Bhatnagar 

All India Institute of Medical Sciences, New Delhi, New Delhi, India

Department of Onco-Anesthesia and Palliative Medicine  
Dr. B.R.A. Institute Rotary Cancer Hospital

Foreword
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Critical care in cancer patients is complex and different from routine care for non- 
malignant patients. These patients are immunocompromised, malnourished and 
have specific concerns due to cancer-related complications, treatment-related tox-
icities, and severe infections. The intensivist must understand about pathophysiol-
ogy, diagnosis, and management of common cancer-related issues. The optimal 
management of cancer patients requires expertise in oncology, critical care, and 
palliative medicine. There is a dearth of books explaining about critical care needs 
of cancer patients comprehensively. So, we felt the need for a book that is compre-
hensive and provides insight into the care of cancer patients in the intensive care unit.

This book contains 43 chapters. Each chapter has been prepared by experts in the 
field of critical care. It contains chapters on basic intensive care starting with the orga-
nization and design of the Oncocritical care unit followed by staffing and admission 
and discharge criteria. As these patients are immunocompromised and prone to infec-
tions, we had included chapters on infection control practices, antibiotic stewardship 
programmes, and sepsis management. This is followed by chapters on fluid and elec-
trolyte management and blood transfusion. A sizeable number of patients are trans-
ferred to ICU for the management of complications due to chemotherapy and 
radiotherapy. Some of the oncosurgical procedures like CRS-HIPEC, head and neck 
surgery, thoracic surgery, and major abdominal surgeries necessitate intensive care for 
optimal management in the postoperative period as these surgeries involve extensive 
surgical resection with major fluid shift and intraoperative inotropes and vasopressor.

Few oncology patients with extensive disease may reach the spectrum of best sup-
portive care when definitive treatment is not feasible. So, we had included chapters on 
palliative care which will help in decision making regarding initiation of palliation and 
end-of-life care. Overall, we had tried to cover diverse topics which confront intensiv-
ists in oncology ICU. This book will provide an evidence-based approach to postgradu-
ate students and practitioners to understand about critical care needs of patients 
suffering from malignancies. It will help them develop critical thinking and encourage 
discussion toward improving the overall care of the patients and their families. This 
book will fulfil the needs of the postgraduate MD anaesthesia, DM Oncoanaesthesia, 
fellows in critical care, fellows in Onco-anaesthesiology, fellows in Onco-critical care, 
MSc (nursing) in critical care students to provide systemic care to the patients.

New Delhi, India Vinod Kumar   

Preface
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1Design and Organization  
of Oncology ICU

Renu, Vinod Kumar, and Nishkarsh Gupta

1.1  Introduction

The incidence of cancer is rising and overall survival of cancer patients is improving 
due to advancement in chemotherapeutic regimens and surgical options [1]. So, more 
patients will require intensive care in future due to cancer related complications, 
treatment toxicities and severe infection. Designing an ICU for oncology patient is 
significant as these patients are malnourished, immunosuppressed and tend to require 
prolonged hospitalization compared to general population [2]. An ICU (intensive 
care unit) is a complex and highly specialized division of a hospital for the purpose 
of treatment of seriously ill people. It is meticulously designed, located, built and 
furnished. It is a division with a dedicated nursing, medical and ancillary staff who 
are tuned to the requirement of the specialty. It has its own policies, protocols, and 
standard operative procedures to take care of critically ill patients [3].

1.2  ICU Design

1.2.1  Location

ICU should be located above ground floor. It should be adjacent to operation theatre 
and emergency department. Pharmacy, pathology, radiology suite, sterile supplies, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_1&domain=pdf
https://doi.org/10.1007/978-981-16-9929-0_1#DOI
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infection control and blood bank should be in the same building. Corridors, eleva-
tors, and ramps should be large enough to allow for bed/trolley mobility. The ICU 
should have a single entry/exit point that is manned [4, 5].

1.3  ICU Design and Bed Space

Beds may be arranged in U or L shape with nursing counter in the centre.
In the patient care area, 150–200 square feet for every bed is recommended. The 

ICU ought to have 100–150% additional space to accommodate stockpiling, nurs-
ing station, patient/specialists/staff area, and attendant’s quarters, showing region, 
relative’s region, and bathrooms. There should be a buffer space between the area 
for patient attendants and the area for medical professionals [6].

1.4  Single-Occupancy Cubicles/Rooms

The patient care area should be between 200 and 250 square feet. Depending on 
demands and bedside treatments such as ECMO, RRT, and so on, it may be benefi-
cial to create one or two larger rooms or sections. It is advised that 10% (one to two) 
of the isolation rooms be used to treat immunocompromised and/or infected patients. 
There should be 20% more space in these rooms. Two rooms/cubicles/beds may be 
separated by a partition for the privacy of patients. Standard curtains are commonly 
used in ICUs to soften the aesthetics of the environment; however, they may become 
dirty or misplaced, impairing privacy.

An indestructible permanent or removable partition made of aluminum, wood, 
or fiber can be used to divide two rooms. Permanent partitions, on the other hand, 
may limit the ability to temporarily increase floor area if required. Electronic 
windows may be offered while designing. The glass or fiber of these windows is 
transparent when the switch is off and opaque when the switch is on. Installation 
of such window is expensive although cost may decrease in future. Transparent 
windows help in elevating the mood of the patient and help him in orientation 
with time [7].

1.5  Requirement of ICU Beds in Hospital as per Norms

Number of intensive care beds required in a tertiary care facility can range 
from 5 to 25% of absolute medical clinic beds, depending on the facility’s spe-
cialty. ICUs with less than six beds are inefficient, and they may not provide 
enough clinical training or exposure to the ICU’s skilled HR. It is difficult to 
operate an ICU with a bed strength of more than 12, and severe issues in man-
agement and result may occur. If more than 12 beds are needed, a second ICU 
may be built. As a result, overall bed strength in the ICU is advised to be 
between 8 and 12 [8].

Renu et al.
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1.6  Panels at the Head-End and at the Pendant

How to plan bedside design is one of the most crucial decisions. The two most 
prevalent methods are head-end wall panels or free-standing/hanging systems 
(power columns), which are typically suspended from the ceiling. Each one can be 
permanent or mobile and adjustable. It can occur on patient’s right or left side. 
Flexibility is typically a good thing. Panels on head wall systems do not allow 
patients to move freely due to dangling wires and tubes.

Though hanging pendants appear to be more scientific, but head-end panels are 
used in the majority of ICUs in India. Pendants, rather than head-end panels, may 
be scrutinized by new ICU planners. Power columns that are adaptable can rotate or 
move from side to side. Power column mounts are frequently adjustable as well. 
Ceiling-mounted, movable, rotatory devices can help clear the debris from the floor 
and free up a lot of space. However, if the weight of the power column cannot be 
structurally supported, then this may not be feasible. It is recommended that the 
monitoring equipment be situated at eye level. Doctors and nurses may suffer from 
persistent head tilting, which can cause cervical neck pain and problems.

In the ICU, getting to the top of the bed in an emergency and weaving through 
different tangled wires is a common problem. At the same time, the patient should 
not feel hemmed in or surrounded by apparatus, nor should he or she be frightened 
unnecessarily. So, bed should be kept at least 2 feet away from the head wall. For 
that, a wooden plank which is 2  feet wide and 6 inches thick should be placed 
between wall and head end of the bed.

It will keep the bed away from the wall and provide a space for caregivers to 
stand in the event of an emergency without causing too many problems. A fixed ring 
of lines connected together can be used to route lines.

1.7  Isolation Rooms

Ten percent of the beds (1 or 2) may be utilized as isolation rooms for patients with 
febrile neutropenia, GVHD, and other post-stem cell transplant problems. Each 
patient should be given an alarm bell with both sound and light indications, and he 
should be trained how to use it when necessary. These isolation rooms usually have an 
anteroom or airlock lobby which acts as a barrier against potential loss of pressuriza-
tion, controls entry and exit of air and provides a control area for transfer of supplies 
without contaminating the patient care area. An anteroom can be shared between.

1.8  Negative Pressure Isolation Room

There is requirement for patients infected/suspected with organisms transmitted 
through airborne droplets of <5 μm in diameter. In these rooms, windows are kept 
closed. Outside of the room, the air pressure is higher than within the room. In this 
way, potentially contaminated air or other potentially dangerous particles will not 

1 Design and Organization of Oncology ICU
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migrate outside into uncontaminated areas when the door is opened. Pressure dif-
ferential of 2.5 Pa is kept between the two. An externally directed airflow into the 
room comes from neighboring areas, such as corridors and anterooms, in a clean to 
filthy direction. Room air should be vented to the outside, but if filtered with a HEPA 
filter, it can be recirculated [9]. A minimum of 12 air changes are required per hour 
and one must maintain a minimum 0.01-inch water column (WC). An airflow differ-
ence of 150–200 cubic feet per minute 9CFM) should be there to maintain pressure 
difference in a well-sealed room. They should be located at the entry of the entry of 
the ICU so that these patients do not have to pass through the other patient areas. A 
negative pressure room should have a hand wash basin preferably with hands free 
operation, ensuite shower and toilet, self-closing door, supply air ducts independent 
of the rest of the building.

1.9  Positive Pressure Isolation Room

They are needed to prevent contagious disease away from immunocompromised 
patients like those with cancer and/or transplants. These rooms should contain more 
supply air than exhaust air. These room require at least 12 air changes per minute 
and must have a difference of 0.01 inch WC positive pressure differential to ensure 
protection form airborne contamination. In relation to the corridor, there is a posi-
tive air flow i.e., flow of air from the room to the adjacent outside space. HEPA filter 
must be used if air is recirculated.

1.10  ICU Heating, Ventilation, and Air Conditioning System

Air conditioning is necessary to regulate temperature, humidity, and air flow in the 
intensive care unit. Temperature should be maintained with a focus on the patients’ 
and ICU personnel’s comfort. A temperature range of 16–25 °C is found to be suit-
able [10].

1.11  Utilities

In order to satisfy the needs of the patients and critical care team in both regular and 
emergency scenarios, oxygen, water, electrical power, compressed air, environmen-
tal control systems, vacuum, and lighting system must all ensure compliance with 
regulatory and accreditation agencies. A utility column is the best source of oxygen, 
electrical power, vacuum (freestanding, ceiling mounted, or floor mounted),, and 
compressed air which should also house temperature and lighting controls. Utility 
columns, when placed correctly, allow simple access to the patient’s head and, if 
necessary, emergency airway care. It is possible to provide utility services on the 
head wall if utility columns aren’t feasible.

Renu et al.
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1.12  Electrical Services

The ICU should have its own power backup that starts immediately in the event of 
a power loss. This electricity should be enough to keep the ICU equipment running 
and maintain the temperature despite the fact that most of the vital ICU equipment 
have battery backup. Stabilization of the voltage is also required. In the ICU, an 
UPS (uninterrupted power supply) system is preferred.

At least 50% of electrical outlets with proper labelling are connected to a con-
tinuous power source (UPS). An ICU’s electrical panel, which should be located in 
the utility room, should contain a circuit breaker for each receptacle or cluster.

If the ICU does not have an UPS (uninterrupted power supply), there should be 
at least four UPS points on each panel, as well as a suitable number of lights and 
computers [11].

1.13  Lighting

Typical nursing duties, such as charting, can be carried out using general over-
head illumination plus ambient light, while encouraging a comforting atmo-
sphere for patients. No more than 30 foot-candles (fc) of total brightness should 
be used [12].

Lighting controls should be placed on variable-control dimmers situated directly 
outside the room. This allows for night-time illumination adjustments from outside 
the room, minimizing sleep interruption during patient surveillance. For long peri-
ods of time, night lighting should not exceed 6.5 fc, and for short periods of time, it 
should not exceed 19 fc.

1.14  ICU Noise Level

The International Noise Council advises that noise levels in ICUs be kept to a mini-
mum of 45 decibels during day, 40 decibels in the evening, and 20 decibels at 
night [13].

1.15  Furniture and Furnishing

The countertops and furnishings should be durable enough to survive a lot of usage, 
as well as easy to clean and maintain. Metal to metal fasteners should be used for 
connections.

The fabric should be sturdy, colorfast, static-resistant, and flame if feasible, and 
countertops should be solid, nonporous, and stain-resistant. Patient’s surrounding 
can be made comfortable by allowing him to keep few modest personal objects.

1 Design and Organization of Oncology ICU
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1.16  Coverings for the Floor, Walls, and Ceiling

Floors should be easy to maintain, non-slippery, durable, and sound absorbing while 
also increasing the aesthetic feel of the place. Carts and beds should be able to roll 
over it without difficulty.

1.17  Walls

Walls should be durable, easy to clean and maintained. It should be flame and mil-
dew resistant. To minimise abuse and noise while simultaneously facilitating patient 
mobility and ambulation, door stoppers and handrails should be properly placed.

1.18  Ceiling

Ceiling is the most visualized surface by the patient. It is important that the ceiling 
be stain-resistant and break-proof in order to prevent eye strain from bright spot-
lights or fluorescent lighting [14].

1.19  Water Supply

There should be provision for clean water as hand washing, storage tanks, water 
filtration, and drinking water is required in the ICU [15].

1.20  Waste Disposal

An alcohol-based antimicrobial rapid hand wash solution should be accessible on 
every bed, so that the caregiver (doctor, nurse, relative or paramedic) can wash their 
hands before they touch the patient. For fear of spreading foul odors and infections, 
no material/dirty linen/soiled linen should be permitted to linger in the ICU for 
lengthy periods of time and should be disposed of as soon as feasible. Linen that has 
become soiled should be replaced on a regular basis and at predetermined intervals.

1.21  Central Nursing Station

Central nursing station is the soul of ICU. At this place, all of the resident physi-
cians, nurses, and other support workers gather to discuss information and maintain 
track of records. All computers and digital information systems, as well as statio-
nery, registers, and other documents, are housed here. Patients must be seen from 
this area regardless of whether the nurse is seated or standing, hence taller chairs are 
typically necessary. The central monitoring system is desirable in the oncology ICU 
as it connects a series of patient monitors together and back to a central monitor.

Renu et al.
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1.22  Storage

It’s crucial to select what should be kept by the bedside, at the nursing station and 
in the nursing store. Supplies which are required often and urgently should be easily 
available and easy to locate. While keeping a big inventory can be costly and waste 
precious time. Making supplies more accessible may improve their utilization. 
Some overly careful or astute employees may seek to hide or hoard them. Designs 
that are both cost-effective and efficient are required. Ideas from nursing staff and 
ICU technicians should be pooled while designing space for storage.

Supplies should be categorized by activity and their usage such as chest trays, 
central lines, skin care trays, catheterization trays, and intracranial pressure tray, etc. 
They can be named or color-coded.

JCAHO now mandates secure storage when pharmaceuticals are maintained at 
the bedside; these stores can contain disposables, medicines, injections, records, 
and tabs etc. Using trolleys for supplies at the bedside loaded for different sub-
groups of patients, including as medical, surgical, cardiac patients, and trauma, who 
all have different demands, can help save space in the room. Staff nurses may have 
received special training to provide such care and tasks.

1.23  Communications

The patient cubicles, staff station, conference rooms, staff lounge and staff- overnight 
stay rooms should all have a voice intercommunication system. The plan may addi-
tionally contain supply spaces and a visitors’ lounge/waiting room. Connections to 
important departments including the blood bank, radiology, pharmacy, and clinical 
laboratories should be created whenever possible. There should be a way to com-
municate internally and externally in the event of a system failure which is in addi-
tion to conventional telephones available in each ICU.

1.24  Wash Basins and Scrubs

Near the staff station and patient bed areas, handbasins and clinical hand-washing 
facilities are required. It is recommended that there be one clinical hand-washing 
station for every two patient beds, and one for every patient’s room or cubicle.

1.25  Support Areas for Staff

Doctors duty rooms (male and female), nurses lounge, medication counters, chang-
ing rooms, meeting room for discussion of medical professionals and family meet-
ing, toilets, janitor room, pantry, equipment room (mobile X-ray, USG) and utility 
rooms for dirty and clean utility should be provided.

1 Design and Organization of Oncology ICU
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1.26  Waiting Area

A separate waiting area for patient’s family member is must with seating arrange-
ment. Lockers, prayer area, food, beverages, drinking water, and rest rooms should 
be provided. There should be a separate interview room and a separate waiting area 
for anxious relatives, as well as overnight rooms for relations, should be provided.

Provision for renal replacement therapy (RRT) should be there as some of the 
cancer patients may need during their care. For this one RRT (HD/CRRT) bed with 
RO/de-iodinated water supply outlets should be set aside for HD machines.

1.27  The ICU’s Equipment

The least fundamental equipment necessary for the ICU’s successful and safe oper-
ation is known as essential equipment. While desired equipment is that which will 
improve the ICU’s ability to manage patients and provide high-quality care. Below 
are the list of equipment required in setup of ICU. This list is not all inclusive.

• ICU equipment ICU bed with mattress,
• Air mattress,
• ICU ventilator,
• non-invasive ventilation mask,
• high flow nasal cannula,
• Stretcher trolley,
• Chair for staff and relatives,
• Procedure trolley,
• emergency crash cart,
• linen cart, multiparameter monitor,
• Computer,
• intravenous stand,
• syringe pump, infusion pump, sequential compression device.

1.28  Conclusion

Care delivery costs, clinical outcomes, and organizational performance are all influ-
enced by critical care facility architecture. For organizations participating in design 
and construction projects, consultants with experience will connect with customers 
and make important design choices based on the best available evidence.
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2.1  Introduction

The ‘Intensive Care Unit’ (ICU) in any hospital houses critically ill patients and 
is specifically designed, staffed and equipped to monitor and manage the life 
threating illnesses and other complications which may be seen in critically sick 
patients [1]. Thus, an ICU is a area of the hospital which is cost intensive to main-
tain and operate and requires precise management to be economically viable for 
any hospital.

Historically, the concept of a designated area for the management of critically ill 
patients has developed with major historical events of the world. The World War 1 
saw the development of the so called ‘shock wards’ for the resuscitation of soldiers 
in hypovolemic shock with colloids and crystalloids. This progressed to surgical 
wards with the onset of blood transfusion and surgeries for management of wounds 
sustained in the battlefield. The concept of a ‘respiratory unit’ with mechanical 
ventilatory support emerged during the polio epidemic which saw widespread use 
of ventilators for respiratory support [2]. Organ specific based intensive care was 
first described in neurosurgery as ‘brain teams’ looking after the perioperative care 
of neurosurgical patients [3].

With the progress of medicine and development of various medical and surgical 
branches ICUs in the present-day scenario are super specialized units where medi-
cal or surgical patients requiring intensive round the clock monitoring and manage-
ment are admitted. ICU’s are graded into three levels (level 1, 2 and 3) on the basis 
of the size and speciality of the hospital housing these units [4]. The basic guide-
lines on skeletal and structural formation of an ICU according to the level of care 
the number of beds to be housed, number of beds in a chamber, the spacing and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_2&domain=pdf
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distance between the beds, the equipment’s required for proper functioning of an 
ICU according to its level of care are well defined in litrature [4].

Majority of the ICUs in the developed as well as developing nations are designed 
and operated in the basic steps as outlined in Fig. 2.1.

2.1.1  Staffing Patterns in ICU—Current Concepts and Practices –

Doctors or intensivists, nursing and other para medical staff like physiotherapists, 
phlebotomists, cleaning staff, equipment in charge, store in charge etc. are integral 
to the functioning of any ICU.

Worldwide critical care society guidelines insist on a fixed nursing ratio for ICU 
patients [1, 4, 5], a nurse patient ratio of 1:1 for ventilated and other critically ill 
patients and a ratio of 1:2 or 1:3 for less sick patients. However, literature does not 
exactly specify the staffing pattern and numbers for doctors or intensivists for pro-
portion of patients in any ICU. A statement released in 2013 from the Society of 
Critical Care Medicine states that intensivist patient ratio less favourable than 1:14 
negatively impacted patient care, teaching training and staff wellbeing [6]. However, 
this statement has not been implemented as a standard guideline by the various criti-
cal care societies around the world. The reason behind this is that an ICU trained 
doctor or an ‘Intensivist’ is a scarce manpower resource all over the world in all 
types of medical systems be it a government sponsored institute or a private medical 
centre or hospital.

Designate a space with a targeted bed
number to setup an ICU. 

Setup infrastructure – ICU bed with
specialized monitoring and

therapeutic capabilities –Hardware
setup

Setup resources for patient care –
drugs, consumables etc. –Software

setup

Power the Setup – Manpower
deployment –doctors, nurses,

paramedical staff etc.

Functional ICU unit 

Fig. 2.1 Showing the basic steps of designing and operating a ICU

S. Vig et al.
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To understand the dynamic concept of staffing an intensivist in ICU and its 
related outcomes one first needs to understand the working modes of ICU and 
patient care delivery, as these models call for different types of staffing for smooth 
running of the ICU.

2.2  Working Modes of an ICU

ICU is an interwoven and complex organisation which deals with patients from 
various specialities. There are multiple stakeholders for each patient right from the 
primary physician, the intensivist in the ICU to the various doctors which may 
called for their speciality reference. The primary stakeholder may be the intensivist 
or the primary care physician depending on the working model of the ICU. The 
staffing patterns, duty hours of the ICU and the role of a trained intensivist varies 
according to the working model adopted by the ICU.

The various working models described for ICU’s are summarized in Table 2.1.

Table 2.1 Summarizing working models for an ICU [7]

Working 
Model Closed ICU Open ICU Semi closed ICU Semi open ICU.
Salient 
features

Admission and 
discharge rights 
only with the 
intensivist
All decisions on 
patient care and 
management are 
taken by the 
critical care team
The initial 
physician 
becomes only an 
observer with no 
active role in 
patient 
management
Practised 
predominantly in 
ICU’S in Europe 
and Australia
Can easily be 
applied and 
practised in 
‘academic 
institutes

Admission and 
discharge—any 
physician with 
hospital 
admission rights 
can admit the 
patient directly 
to the ICU
Primary care 
provider—
management and 
decision making 
remains in the 
hands of the 
primary care 
provider
ICU just 
provides a place 
of intensive 
monitoring (eg. 
vasopressor 
infusion and 
invasive 
monitoring), 
better nursing 
care etc

Hybrid model 
between closed and 
open model
Admission 
rights—anyone can 
admit the patient in 
ICU
Management—
critical team is 
automatically 
consulted and 
comanages all 
patients with the 
primary physician

Hybrid model 
between closed 
and open model
Anyone with 
admitting rights 
can admit a 
patient
Critical team is 
consulted for all 
patients but all 
patients are not 
comanaged

(continued)
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2.3  Staffing of an ICU

After a basic understanding of the working models of ICU its is quite clear that the 
closed model of ICU will be the most labour intensive with respect to employing 
trained intensivists, the open system will be the least labour intensive with no 
involvement of the intensivist and the semi closed and semi open will be somewhat 
in between of the two, with the semi closed system requiring more staff than the 
semi open as intensivists comanage all cases in semi closed whereas are consulted 
only on need basis in semi open system.

Staffing a closed or semi closed ICU with intensivists would be economically 
more costly on any hospital system. From an administrative point of view the costs 
incurred to staff a closed or semi closed ICU should be supported by positive patient 
outcomes. The earliest concrete evidence in this regard was given by Pronovost and 

Table 2.1 (continued)

Working 
Model Closed ICU Open ICU Semi closed ICU Semi open ICU.
Advantages Unidirectional 

flow of command 
and a single 
decision-making 
team for the 
patient, thus no 
confusion in 
medical decision 
making

Primary 
physician is the 
decision 
maker—thus 
continuity of 
care is 
maintained
Less labour 
intensive and not 
dependent on 
critical care 
specialist

Aims at best of both 
open and closed 
system—i.e., 
continuity of care 
with primary 
physician and 
specialist care by 
the intensivist

Opinion of 
critical care is 
sought initially 
and then 
whenever 
require leaving 
the entire 
decision making 
on the primary 
physician

Drawbacks Most labour 
intensive of all the 
systems

The specialized 
care of an 
intensivist 
trained in 
managing 
critically ill 
patients is 
missing
Primary 
physician may 
not be expert in 
certain ICU 
procedures and 
techniques 
(ventilatory 
management, 
bedside 
procedures)

Two managing 
teams (primary 
physician and the 
intensivist) may lead 
to conflict of ideas 
and thoughts and 
may delay or 
negatively impact 
clinical decisions

Daily 
involvement of 
a critical care 
specialist is 
missing

S. Vig et al.
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co-workers in their systematic review published in 2002 addressing the question of 
relation between ICU physician staffing and patient outcomes [8]. In this paper ICU 
physician staffing and patient related outcomes like length of stay (LOS), mortality 
etc. were studied from 1965 to 2001. They grouped the generated data into a ‘low 
intensity staffing model’ where intensivist or the ICU physician is not directly 
involved in patient care or is only electively consulted (an open or semi open model 
of ICU care). The second group was ‘high intensity staffing model’ where an inten-
sivist was the primary care provider or was mandatorily involved and comanaged all 
patient (closed or semi closed model of ICU care). They concluded that the high 
intensity staffing was associated with a lower hospital mortality, lower ICU mortal-
ity and lower LOS in the ICU and thus translated into better patient outcomes.

The ‘Leapfrog Group’ a consortium of purchasers and providers of health care 
[9], this group aims to improve healthcare system outcomes, minimize preventable 
errors, rate the various healthcare systems of America and aims to bring about a 
system of transparency in the functioning of healthcare in America. This group 
issues guidelines and sets standards for health care systems housing ICU for staffing 
and functioning of the ICU.

The Leapfrog group in their 2021 document on ICU physician staffing (IPS) [10] 
state that—the quality of care in an ICU is broadly determined by (a) whether 
“intensivists” are providing care and (b) model of care delivery in the ICU (open vs. 
closed ICU). The Leapfrog group defines ‘Intensivist’ as a board-certified physician 
additionally certified in the speciality of critical care medicine. A physician eligible 
for a subspecialty certification in critical care may be a specialist in medicine, emer-
gency medicine, anaesthesia or paediatrics.

The Leapfrog group IPS safety standard guidelines with an aim to minimize 
preventable errors and enhance positive outcomes in patient care can be summa-
rized as [10]—

 1. Certified intensivists to be present on site to exclusively manage (closed model) 
or comanage (semi-closed model) all the patients in medical or surgical ICU for 
optimum outcomes.

 2. The onsite intensivist to be present for a period of 8 h per day in the day time for 
7 days a week for exclusive clinical care in the ICU.

 3. When intensivist is not present onsite or working via telemedicine—more than 
95% of calls/texts/messages from the ICU are to be returned and answered to 
within 5 min.

 4. An onsite ‘Effector’ i.e., a trained medical person to carry out order given by the 
intensivist (when not present on site or working via telemedicine) to be present 
on site and physically reach any patient within 5 min to carry out orders given by 
the intensivist.

The recommendations have been made in line and based on the evidence generated 
in the sentinel paper on ICU staffing by Pronovost et al. [8].

2 ICU Staffing, Models, and Outcomes in Onco-Critical Care Unit
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2.4  Physician Staffing Models of an ICU

Basic 3 models are described for ICU staffing [7], these are mainly—

 (a) Academic model
 (b) Modified academic model
 (c) Open model.

The salient features of each with its advantages, drawbacks, cost benefit analysis 
for the hospital are summarized in Table 2.2.

2.4.1  Outcomes with Different Staffing Models

While relatively clear that the academic model will have the maximum benefit and 
positive impact on patient outcomes, 24-h intensivist on floor versus day time inten-
sivist followed by on call/ telemedicine was a matter of debate. Literature on patient 
outcome in the recent years has shed light on this question.

Table 2.2 Table describing various physician staffing models for ICU setup

Staffing 
model Academic model Modified academic model Open model
Salient 
features.

A team of attending 
consultant and 
resident trainees 
24 h on floor of the 
ICU
Default model for 
closed ICU and 
large teaching 
institutes

24-h coverage by a certified 
intensivist not necessarily on ICU 
floor during this period
Physician assistants (PA) and 
advanced practice providers (APP) 
on floor of the ICU 24 h a day in 
shifts to carry out orders of the 
intensivist within 5 min as per 
Leapfrog guidelines

Consulting 
intensivist only 
when required and 
do not take over or 
comanage patients
In line with Open or 
semi open ICU 
setup
May be used mainly 
by small Level I 
ICU units

Advantages Maximum coverage 
and theoretically 
minimal chances of 
lapses in patient 
care

Better utilization of the scarcest 
manpower i.e., certified intensivist
The concept of ‘Telemedicine’ 
can be implemented with this 
model

Minimal costs to the 
institution

Draw backs Resource heavy and 
maximum costs for 
the system
Difficult to find 
faculties for night 
shifts and resident 
trainees for 24-h 
shift duties
Poor work life 
balance for doctors

The PA’s and APP’s have to be 
trained in common ICU 
procedures like lumbar puncture, 
ventilator management, central 
line placement etc. for optimal 
care
High risk procedures like 
intubations, intercostal drain 
placement etc. may still need on 
site specialist backup

Not in line with the 
Leapfrog guidelines
Poor patient 
outcomes and 
inconsistent care

S. Vig et al.
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In an official systematic review and metanalysis on night time intensivist staffing 
sone by the American Thoracic Society concluded that Night time intensivist staffing 
did not have any superior outcome in mortality and length of hospital stay as compared 
to day time dedicated intensivist coverage [11]. Similar conclusions were echoed in a 
retrospective study in over 65,000 patients, night time intensivist ICU staffing had a 
positive impact on outcomes when applied to low intensity ICU care and had no impact 
on outcomes when applied on day time intensivist covered ICU setups [12].

To conclude, a high intensity (closed or semi closed) staffing model definitely 
improves overall outcomes as compared to low intensity staffing but the same can-
not be said for night time intensivist in all types of ICU’s. with advanced in medical 
care and communication techniques especially with the advent of telemedicine the 
evidence in favour of night time intensivist has declined in recent literature.

The future of telemedicine in ICU looks promising, a systematic review and 
metanalysis on impact of telemedicine on patient outcomes collected data from 13 
eligible studies from 35 ICU’s and included 41,000 patients. This study concluded 
that tele ICU coverage was associated with lower ICU mortality and LOS but did 
not translate into lower in hospital mortality or shortened LOS [13]. In the same 
year a prospective stepped clinical practice study by Craig M Lily and co-workers 
on 6290 patients in 7 ICU’s showed that implementation of a tele ICU was associ-
ated with reduced in hospital mortality and reduced hospital LOS [14]. The key 
feature in this study which led to its success was that the tele ICU consult providers 
had full independence in patient care and could order any necessary interventions 
just as an in-house intensivist.

Thus, the ideal staffing system of an ICU would be a closed type of ICU with 
high intensity 24-h in-house intensivist. However, keeping in mind the limited avail-
able certified intensivists in any medical system and literature clearly showing day 
time high intensity staffing to be equally effective the most practical system in any 
ICU setup be it a teaching hospital or a private setup would be a closed or semi- 
closed type of ICU with high intensity day time staffing with a physician patient 
ratio of not more than 1:14 and well-trained PA’s or APP’s for night time cover. 
Telemedicine can be practised in a robust manner with all decisions and responsi-
bilities resting on the shoulders of intensivist in charge and a well trained on ground 
medical staff.

2.5  Burnout Among Intensivists

An ICU is a highly stressful workplace with a high-pressure environment. Such 
work conditions put the workforce both physicians and paramedical staff under 
extreme stress and make them prone for burnout [15].

Various factors which put the ICU physicians under extreme stress and at risk of 
burnout are [15–17]—

• Long working hours and shift timings.
• Regular night shifts with no time for family.

2 ICU Staffing, Models, and Outcomes in Onco-Critical Care Unit
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• Sick patients with poor outcomes thus poor work satisfaction.
• Poor overall staffing, high physician patient ratios thus poor quality of work.
• Minimal time for research and teaching owing to busy ICU schedules.
• Females are especially at greater risk of experiencing severe burnout symptoms 

as the juggle for work life balance and raising children etc. is more on the shoul-
ders of females.

• Paediatric/neonatal ICU physicians reported more burnout symptoms.

The list of contributing Factors is exhaustive and does not end here. However, the 
important point is that organisations, physicians and other staff working in the ICU 
should accept this problem and take a head on approach to tackle it. The organisa-
tional rules and the administration should be sympathetic to the special concerns of 
the ICU team and should be aware of how stressful the ICU environment can be and 
should be flexible in duty hours and leave schedules to facilitate proper break from 
the work routines for ICU staff. The hospitals should have a psychological support 
program or counsellors specifically working with the ICU team. Working teams 
should be made aware the signs and symptoms of burnout so that they can identify 
and notify if a colleague if feeling under the weather or is in undue work pressure. 
Such steps, even if taken on microscopic level will bear fruit for every organisation 
and lead to a healthy and productive workforce.
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3Admission and Discharge in the Critical 
Care in Oncology Setting

A. R. Karthik and Vinod Kumar

3.1  Introduction

Cancer patients require admission to the Intensive Care Unit (ICU) for various indi-
cations. Not all cancer patients requiring ICU admission benefit from the same. 
Some patients with reversible pathologies and increased life expectancy benefit more 
from intensive care than others. Patients with irreversible organ damage and reduced 
life expectancy occupy the ICU bed depriving needy patients of the required level of 
care. Hence inclusion of admission criteria is required for optimal utilization of the 
available ICU beds in the Oncology setting [1]. Similar to admission to ICU, appro-
priate discharge timing is essential to prevent ICU related complications in prolonged 
admission and to utilize the bed for the next deserving patient.Discharge of patients 
from the ICU includes conditions when the patient has improved so that there is no 
further need of ICU care or when the patient has deteriorated or remained status quo 
and further intensive care management would prove futile. Hence evidence-based 
discharge criteria would further support optimal utilization of ICU beds.

3.2  Common Indications for ICU Admissions 
in the Cancer Patient

Prognosis in cancer patients has recently improved dramatically due to early diag-
nosis, advanced surgical procedures, newer chemotherapeutic agents and immuno-
therapy agents, targeted radiotherapy and improved supportive care measures. Thus, 
those conditions which were once considered non-responsive to treatment have 
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become amenable to treatment or control [2]. The most common indications for 
ICU admissions in a cancer patient are presented below.

• A postoperative patient who has undergone a major resection/reconstructive pro-
cedure or patients with multiple comorbidities undergoing oncological proce-
dures will require intensive care management in the immediate postoperative 
period. Most of these admissions would be planned.

• A patient may be emergently admitted to the ICU because of unanticipated surgi-
cal or anaesthetic complications in the perioperative period.

• Oncological emergencies like superior vena cava (SVC) syndrome, hypercalce-
mia of malignancy, acute haemorrhage, blast crisis, leucostasis, cardiac tampon-
ade will need to be managed in the ICU.

• About one-fifth of patients with hematopoietic stem cell transplants (HSCT) 
need to be taken care in isolation rooms of the ICU to support recovery from 
transplant and treat complications associated with it [3].

• Oncology patients who have suffered a complication due to chemotherapy such 
as febrile neutropenia, sepsis and septic shock, tumour lysis syndrome, pneumo-
nia and respiratory insufficiency will require intensive care.

• Patients with airway related malignancies with impending airway obstruction 
would initially be stabilized in the Emergency Department (ED) and later be 
shifted to the ICU.

The above list is not exhaustive and is given just to highlight the diversity in the 
admission indications.

3.3  Oncology ICU Vs a General ICU

The presence of a malignancy per se would tend to weigh down in the probability of 
getting an ICU bed in a multispeciality setup owing to the enormous number of non- 
malignant patients requiring intensive care. However, in an oncology setting, the mere 
presence of a malignancy is ruled out as a factor for denial of ICU admission. 
Oncology ICUs have evolved into multidisciplinary units with inputs from various 
clinical and paraclinical specialities rather than being a closed unit managed by an 
intensivist. The admission criteria must be individualized to each unit depending on 
various parameters discussed below. A blanket protocol would not be appropriate for 
every unit due to the interplay of various factors in the effective utilization of ICU beds.

3.4  Admission Criteria

The following parameters can be taken as a guide to formulate decisions regarding 
acceptance or denial of ICU admissions.

 1. Presence and severity of comorbidities
 2. Type and stage of the malignancy

A. R. Karthik and V. Kumar
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 3. Reversibility of the current condition
 4. Performance and physical status of the patient before the current event
 5. Availability of the resources and expertise to manage the condition
 6. Objective ICU admission scores
 7. Benefit vs futility of providing critical care

 1. Presence and severity of comorbidities
Patients with life-limiting and end stage organ dysfunction unrelated to can-

cer with limited life expectancy would score down on the admission criteria even 
if the underlying malignancy is amenable to treatment. However, the decision 
based on this parameter needs to be taken on an individual case-to-case basis.

 2. Type and stage of malignancy
The nature of malignancy and stage gives a hint at the overall prognosis after 

hospitalization. Oncology treatment has advanced a lot recently and advanced 
malignancies which were not amenable to treatment earlier or where treatment 
caused unacceptable side effects, have become treatable now with acceptable 
side effect profile. Hence consultation with an oncologist is becoming essential 
in prognostication of cancer patients requiring critical care.

 3. Reversibility of current condition
Where the indication of ICU admission is a reversible complication of oncol-

ogy therapy or a reversible pathology due to the underlying malignancy, ICU 
admission is warranted because denying admission would prevent further oncol-
ogy treatment or would negatively impact the quality of life. A retrospective 
study of 175 ICU admissions in breast cancer patients concluded that the in- 
hospital mortality was more related to the acute complications inciting the event 
rather than the overall cancer characteristics [4].

 4. Performance and physical status of the patient before the current event
The Eastern Cooperative Group (ECOG) scale of performance status 

(Table 3.1) is a useful tool in evaluating the overall severity of the cancer. A 
higher ECOG status even before the current inciting event denotes reduced 
 usefulness of intensive care in improving the quality of life of the patient [6]. 
However, if the higher ECOG status is due to some reversible pathology, all 
attempts at intensive management should be given at the first go.

Table 3.1 ECOG performance status [5]

Grade ECOG Performance Status
0 Fully active, able to carry on all pre-disease performance without restriction
1 Restricted in physically strenuous activity but ambulatory and able to carry out work of 

a light or sedentary nature, e.g., light house work, office work
2 Ambulatory and capable of all selfcare but unable to carry out any work activities; up 

and about more than 50% of waking hours
3 Capable of only limited selfcare; confined to bed or chair more than 50% of waking 

hours
4 Completely disabled; cannot carry on any selfcare; totally confined to bed or chair
5 Dead

3 Admission and Discharge in the Critical Care in Oncology Setting
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 5. Availability of the resources and expertise to manage the condition
All medical and surgical conditions are not amenable to treatment in all medi-

cal centres. Centres should appreciate their limitations as to availability of 
resources and expertise and should transfer patients to a centre with the required 
resources after initial stabilization. Continuation of care during transport should 
be ensured.

 6. Objective ICU admission scores
Various scoring systems have been formulated to predict morbidity and mor-

tality during ICU admissions. These include the multiple versions (I, II, III) of 
Acute Physiology and Chronic Health Evaluation (APACHE) scores, the 
Simplified Acute Physiology Score—II (SAPS II). Oncology specific prediction 
models such as the Intensive Care Mortality Model (ICMM) incorporated oncol-
ogy therapy related organ dysfunction into the APACHE scoring. The Sequential 
Organ Failure Assessment (SOFA) score when assessed on a daily basis has been 
shown to particularly useful in patients with sepsis, shock and hematologic 
malignancy [7]. However, no score is perfect and the reliability and predictabil-
ity of the scores varies with patients and conditions. Yet these scores are objec-
tive criteria and serve to avoid personal bias in decision making. So, these scores 
should be considered in triaging but not to be solely relied upon.

 7. Benefit vs. futility of providing critical care
If intensive care management produces increased disability and reduced qual-

ity of life the decision to continue such care should be solely made by the patient 
and caretakers after careful consideration of the pros and cons of continuing 
treatment even though such treatment offers increased quantity of life.

However, the final decision of accepting or denying admission to ICU should be 
taken on an individual case-to-case basis considering all the factors discussed above.

3.5  Course of ICU Stay and Discharge Criteria

Unlike multispecialty ICUs, the aim of management in the Oncology ICU would be 
many a time to not treat the primary disease but to tide over a complication or crisis. 
Based upon the admission criteria, the aim of ICU stay will vary [8].

 1. Full Code ICU Management
If the disease and the inciting event is largely curable, the aim of ICU stay 

would be curative. All available curative measures would be initiated, and the 
patient would receive all treatment modalities as any other ICU patient. The 
probable indications include reversible disease pathology, patients in remission, 
iatrogenic complications and availability of potential curative treatment options. 
A consensus statement from Germany and Austria suggests that a full code ICU 
management protocol should be provided to all critically ill malignancy patients 
whose long-term prognosis is in line with the prognosis of the underlying malig-
nancy [6].Patients must be periodically reviewed on whether full code manage-
ment is to be continued [9].
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 2. Trial of ICU Care
If there is no clear-cut picture as to whether the inciting condition is treatable 

or not, a trial of full code ICU care is warranted. In these borderline patients a 
full code ICU care trial is given for a few days and progress is noted. The 
response to treatment will further direct whether the patient would continue 
receiving complete ICU care protocol or would require de-escalation of treat-
ment [10]. De-escalation of treatment would require the consensus of all the 
stakeholders including the patient (if communicable), caretakers, primary treat-
ing physician and ICU team. Legal and ethical issues would also have to be 
considered when it comes to de-escalation of treatment. There is no definite 
evidence as to what the duration of ICU trial should be. However a duration of 
4 days for solid tumours and 10 days for haematological malignancies seems to 
be a valid choice [11].

 3. Palliative Care in the ICU
If a condition warrants ICU care and the treatment of that inciting event 

would improve the quality of life, then such a patient should not be denied ICU 
admission even if the disease process is irreversible and untreatable. Examples 
would be a palliative stenting of the airway to relieve airway obstruction, pallia-
tive diversion procedures for intestinal obstruction etc. These patients should not 
receive full code ICU management and mostly would receive non-invasive or 
less invasive organ support measures. Palliative care integration in the ICU 
reduces cost and length of stay without considerable impact on mortality [12]. In 
patients with advanced stage malignancies with rapidly evolving irreversible 
multi-organ failure, the goals of care should be reconsidered. In such cases an 
early integration of end-of-life-care can reduce the burden on the patients and 
their caregivers. This should include discussions with all stakeholders on with-
holding or withdrawal of life-sustaining measures, options for distress manage-
ment, and dignity preserving care.

Discharge of patients from the ICU must be contemplated when the patient has 
improved from his/her admitting status and is physiologically stable so that further 
management is possible in a hospital ward. Scores such as the APACHE II at dis-
charge seem to correlate well in identifying patients who are prone to deterioration 
after discharge. Such patients may be transferred to a step-down unit like a High 
Dependency Unit (HDU) before shifting to the ward. This transition would reduce 
readmissions to the ICU in this patient population. Continuation of care would be 
efficient if the ICU physician briefs the doctor at the receiving unit regarding the 
patient’s history, course of ICU stay, and realistic goals of further care. Discharge at 
odd hours is not preferred [13]. If a patient under trial of ICU care has failed the 
trial, then further course of action should be decided taking the opinion of all stake-
holders. It might even include a discharge to home or a hospice.

The status of patients admitted to an ICU should be reviewed continuously to 
identify patients who may no longer need ICU care.

3 Admission and Discharge in the Critical Care in Oncology Setting
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This includes:

 A. When a patient’s physiologic status has stabilised and the need for ICU monitor-
ing and care is no longer necessary

 B. When a patient’s physiological status has deteriorated and / or become irrevers-
ible and active interventions are no longer beneficial, withdrawal of therapy 
should be carried out in the intensive care unit. Patient should only be discharged 
to the ward if bed is required.

3.6  Triage

Due to the limited number of ICU beds, triaging may be necessary.
The following factors will be taken into consideration in triaging:

• Diagnosis
• Severity of illness
• Age and functional status
• Co-morbid disease
• Physiological reserve
• Prognosis
• Availability of suitable treatment
• Response to treatment to date
• Recent cardiopulmonary arrest
• Anticipated quality of life

3.7  Discharge Will Be Based on the Following Criteria

 1. Stable haemodynamic parameters
 2. Stable respiratory status (patient extubated with stable arterial blood gases) and 

airway patency
 3. Oxygen requirements not more than 60%
 4. Intravenous inotropic/vasopressor support and vasodilators are no longer neces-

sary. Patients on low dose inotropic support may be discharged earlier if ICU bed 
is required.

 5. Cardiac dysrhythmias are controlled
 6. Neurologic stability with control of seizures
 7. Patients who require chronic mechanical ventilation (e.g. motor neuron disease, 

cervical spine injuries) with any of the acute critical problems reversed or 
resolved

 8. Patients with tracheostomies who no longer require frequent suctioning

A. R. Karthik and V. Kumar
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4Predicting Outcomes in Onco-Critical 
Care

Anirban Hom Choudhuri, Priyanka Harisinghani, 
and Nidhi Gupta

4.1  Introduction

The dimensions of cancer treatment are diverse and distinct. From the stage of early 
screening to late palliation, it is beset with decisions based upon prediction. The 
need for prophylactic surgery, the effects of neoadjuvant therapy, the dose of radia-
tion etc. are all major end-points based upon predictions. Therefore, for matching 
expectations with results in patients admitted in the intensive care unit (ICU) out-
come prediction is absolutely necessary.

The causes for ICU admission after cancer are many and the type and stage of 
cancer influence the course of ICU stay. This is in sharp contrast to critical illness of 
non cancer origin where the outcome after admission is primarily determined by the 
severity of antecedent illness alone. For e.g. the outcome of abdominal sepsis fol-
lowing non cancer diseases can be predicted more reliably by using conventional 
scoring systems viz. APACHE, SOFA, MODS etc. but not after non cancer diseases 
where the scores become less reliable due to lesser specificity. So there arises the 
need for revalidating the scores or modifying them by reviewing the original data-
base and using statistical tools for measuring the additional risks posed by cancer. 
The task is often cumbersome due to the dynamic nature of illness and variable 
trajectories for various cancers.

It is also well accepted that patient outcomes and cancer outcomes are distinct 
and that many patient outcome parameters viz. survival, quality of life etc. are of 
greater relevance to the physician than the pure cancer outcome parameters viz. 
dose, toxicity, cure, etc. The chapter focuses on evidence based prediction of the 
various outcomes in cancer settings from the prism of critical illness.
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4.2  General Principles of Outcome Prediction

Most researchers follow a data mining or machine learning method to create a pre-
diction model to determine a particular type of clinical outcome. Some prefer a 
mathematical model to predict multiple clinical outcomes simultaneously. A few 
use hybrid models that perform continuous prediction of multiple clinical outcomes. 
Although these models have variable accuracy, they can perform a wide range of 
outcome prediction and can serve as better guide for comprehensive care than sub-
jective assessment alone. The figure (Fig. 4.1) shows the different approaches used 
for these models.

4.3  Development of a Prediction Score in Critical Care

To develop a prediction score, the outcome has to be defined precisely. The mortal-
ity described in critical care is usually ICU mortality or in-hospital mortality or 
mortality at 28 days. Likewise, the morbidity can signify either duration of ICU stay 
or duration of mechanical ventilation or duration of vasopressor and inotropic sup-
port etc. The variables chosen to identify the outcomes must be standardized. Often 
the cohort datasets contain more variables than that can be used for analysis and in 
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Fig. 4.1 Different approaches for predictive analytics
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such cases the most sensitive and predictive variables are chosen. It is known that 
inclusion of more than ten variables can reduce the efficiency, feasibility and conve-
nience of the prediction models. Some predictors which are found to be valuable in 
earlier models can be treated as candidate variables but not all predictors are 
included in the final model. The selection of predictors is guided by clinical rele-
vance and judgement to exclude less relevant and user unfriendly variables and 
variables with false positive associations. The categorical and continuous variables 
are coded and arranged separately. A regression analysis is then performed using 
either a full model approach or a stepwise selection approach. Finally, the new score 
is evaluated for its predictive power and is validated both internally and externally 
in an independent dataset.

The underlying figure represents a schematic description of the steps in develop-
ment of prediction score (Fig. 4.2).

4.4  Causes of ICU Admission in Cancer Patients

The common causes of ICU admission in cancer patients are in table listed 
(Table 4.1). Postoperative admission after elective surgery is the most common sur-
gical cause. This group of patients has the best prognosis. Shock (cardiogenic, 
hypovolemic or sepsis) is the most common medical cause of admission. Patients 
with cardiogenic shock have the worst prognosis. Survival in sepsis is dependent on 
various factors but mainly depend on the initial severity and the delay in treatment 
initiation. It has been observed that mortality after cancer sepsis varies widely with 
age and is highest in the young adults. It is also associated with frequent readmis-
sions. This gap decreases with advancing age and becomes similar at around 
85 years of age. The reason for similar mortality with advancing age is ascribed to 
immunosenescence which results in similar kind of immune dysfunction in both 
cancer and non cancer patients [1].

Infections are frequent in hematological malignancies due to both neutropenia 
and primary immune suppression. The risks are related to the degree of neutropenia 
which is determined by absolute neutrophil count (ANC) and can manifest without 
any fever.

Respiratory failure is a common cause of admission in patients with both hema-
tological malignancies and solid tumors. This may follow pneumonias, drug toxici-
ties; transfusion associated acute lung injuries (TRALI) and direct pulmonary 
metastases.

Metabolic and electrolyte disturbances, renal failure, neurological complications 
and acute pulmonary embolism are other causes for admission. It is observed that 
both mortality and the duration of hospital stay are higher in neutropenic patients 
with hematological malignancies than after solid tumors [2]. The underlying table 
shows the differences in features and outcome between neutropenic and non- 
neutropenic sepsis (Table 4.2).

4 Predicting Outcomes in Onco-Critical Care
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4.5  Outcome Prediction in Adult Patients

The table below (Table 4.3) compares and contrasts the various severity assessment 
scores used in the ICU. It has been observed that general scoring systems calculated 
on the first day of ICU admission (APACHE, SAPS II, SOFA) provided fairly 
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accurate prediction about ICU mortality with good discrimination and acceptable 
calibration [3]. APACHE (most commonly APACHE II) is the preferred scoring 
system in most ICUs because of its easy comprehensibility, familiarity, capacity to 
allow comparisons between standardized mortality rates (SMR) over time and eas-
ier representation of lower standardized mortality rate (SMR), in case present. 
However there are some limitations too. The response of the physiological variables 
to treatment and resuscitation can fluctuate. In one study, APACHE II was predictive 
of 76.3% of non-survivors and 86.6% of survivors (overall accuracy, 81.8%); SOFA 
was predictive of 62.7% of non-survivors and 83.6% of survivors (accuracy, 73.8%); 
and SAPS II was predictive of 69.5% of non-survivors and 83.6% of survivors 
(accuracy, 77.0%) [3].

In another study, SOFA score had a strong prognostic accuracy for mortality in 
cancer with sepsis with an AUROC of 0.79 (95% of CI, 0.71–0.87). This was much 
above qSOFA which had an AUROC of 0.66 (95% CI, 0.56–0.75). However when 
lactate was added to qSOFA, its prognostic value improved to an AUROC of 0.77 
(95% CI, 0.69–0.85) which was similar to SOFA [4].

SAPS II which has been found to be a good predictor of mortality after surgical 
resection of rectal carcinoma has also been tried in many ICUs. It has shown very 

Table 4.1 Causes of ICU admission in cancer patients

Early
(between diagnosis to start of 
definitive therapy)

Intermediate
(during intermediate 
therapy)

Late
(after definitive therapy or in 
end stage disease)

•  Sepsis
•  Metabolic & electrolyte 

disturbances
•  Neurological disorders

•  Post operative
•  Sepsis
•  Tumor related 

complications
•  Treatment related 

complications
•  Heart failure
•  Renal failure

•  Shock
•  Sepsis
•  Multiorgan failure
•  Palliative/End-of-life

Table 4.2 Differences in features and outcome between neutropenic and non-neutropenic sepsis

Non- neutropenic Neutropenic
Race No predilection More common in whites
Severity score Usually lower Usually higher
Bacteremia Less common More common
Shock at 
presentation

Uncommon Common

Nature of 
malignancy

No predilection for any particular 
malignancy

More common in hematological 
malignancies

Diabetes More common Less common
Plasma protein Lower IL-6, IL-8, G-CSF Higher IL-6, IL-8, G-CSF
Risk of AKI Lower Higher
Mortality Both 30 & 60 day mortality is 

lower
Both 30 and 60 day mortality higher

IL-6- Interleukin 6, IL-8- Interleukin 8, G-CSF- Granulocyte colony stimulating factor
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good discrimination between survivors and non-survivors. Unfortunately it’s used 
has been mostly confined to the surgical ICUs. Few studies have evaluated the per-
formance of both APACHE II and SAPS II in the same population of critically ill 
cancer patients and found no major difference between the two while some have 
found the best variables predictive of ICU mortality to be ICM (ICU cancer mortal-
ity model) and APACHE II scores [5, 6]. Schellongowski et al. found that the ability 
of SAPS II to discriminate between survivors and non-survivors (AUROC, 0.82) 
was better than that of APACHE II (AUROC, 0.78). All scores had acceptable cali-
bration, but the statistical significance for the Hosmer-Lemeshow goodness-of-fit 
tests was marginally better for SAPSII [7]. The importance of APACHE II has been 
further observed in determining the risk of flap failure in head and neck cancer 
patients undergoing microvascular surgery. The complications were less when the 
patients were managed in the critical care unit on the basis of their admission 
APACHE II score [8]. APACHE II score >10 and bilateral neck dissection 
(RR = 3.57; p = 0.01) has been found as risk factors for post operative complications 
in oral cancer and increased length of hospital stay [9].

Table 4.3 A comparison of the different severity scores

Sl. No. Characteristics APACHE II SAPS II SOFA
1 Development 1985 1993 1996
2 Type General risk 

prognostication score
General risk 
prognostication score

Organ dysfunction 
assessment score

3 Collection of data First 24 h in ICU First 24 h in ICU First 24 h in ICU
4 Max Score 71 217 24
5 Selection of 

variables and their 
weights

Panel of experts Multiple logistic 
regression analysis

Panel of experts

6 Age Yes Yes No
Surgical status Yes Yes No
Chronic health 
status

Yes Yes No

Physiology Yes Yes No
GCS No No Yes
MAP No No Yes
Serum Creatinine No No Yes
Urine output No No Yes
PaO2/F iO2 ratio No No Yes
Mechanical 
ventilation

No No Yes

Platelet Count No No Yes
Serum Bilirubin No No Yes

7 Number of 
variables

17 17 7

8 Mortality 
prediction

YES YES YES

APACHE Acute Physiology and Chronic Health Evaluation, SAPS Simplified Acute Physiology 
Score, SOFA Sequential Organ Failure Assessment, GCS Glasgow Coma Scale, MAP Mean 
Arterial Pressure
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Despite these observable differences, APACHE II and SAPS II are more often 
chosen for outcome prediction in critical care owing to their applicability in wide 
range of settings.

4.6  Outcome Prediction in Paediatric Malignancies

It has been reported that at least 1 in 3 or 4 children with cancer is admitted in the 
ICU at least once during their disease course. They are admitted due to cancer associ-
ated conditions viz. tumour lysis or treatment related complications viz. immunosup-
pression, infection etc. Mortality in the ICU is higher after haematological 
malignancies than solid tumours, in children with systemic infections and those pre-
senting with organ failure [10, 11]. The Paediatric Risk of Mortality Score (PRISM) 
is a physiology based score developed and validated by Pollack and colleagues from 
the Physiologic Stability Index using 1415 patients from 9 PICUs in the United 
States between 1984 and 1985. The PRISM score consists of 14 physiological 
parameters, in comparison with 34 parameters in Physiologic Stability Index, 
recorded during the first 24 hours after admission to PICU [12]. Although three gen-
erations of PRISM score were subsequently developed and widely used in paediatric 
ICUs, their inaccuracies in oncology led to the advent of oncology PRISM 
(O-PRISM) consisting of the standard PRISM score in addition to other factors as 
graft versus host disease grade, C-reactive protein level, and macroscopic bleeding 
[13]. The choice of paediatric oncology ICU stay (POICU) as an outcome parameter 
found good correlation with both O-PRISM and PRISM III-12 scores. However 
inaccuracies still persist between these scores and crude mortality rates [14–16].

4.7  Conclusion

Since none of the prognostic factors are unequivocally predictive of outcome the 
search for predicting models is unending. Most models represent the population in 
which they have been developed and lack clarity about others. Therefore a periodic 
assessment of the predictive performance of the models is necessary for proper 
benchmarking. Furthermore, important ergonomic aspects viz. nurse: patient ratio 
& cost of ICU care needs incorporation for meticulous understanding of the merits 
and drawbacks.
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5Clinical Imaging in Oncological ICU

Vijay Kubihal, S. H. Chandrashekhara, and G. S. Triveni

Imaging plays significant role in the management of critically ill cancer patients. It 
is essentially to establish diagnosis at ICU admission, and also to evaluate various 
catheters and tubes used in critically ill cancer patients [1, 2]. Two most commonly 
used modalities include portable radiography, and bedside ultrasonography (USG). 
In addition, computed tomography(CT), magnetic resonance imaging (MRI), and 
interventional radiological (IR) procedures may play a significant role in the man-
agement of special clinical scenarios [3–6].

5.1  Imaging Modalities

Commonly used imaging modalities in ICU setting include portable radiograph, 
bedside ultrasound (USG), computed tomography (CT), and magnetic resonance 
imaging (MRI) [7].

 (a) Portable radiograph

Portable radiograph is the most commonly used modality in ICU patients. 
Bedside chest radiograph is most common radiograph performed. American college 
of radiology (ACR) recommendation for portable chest radiograph include (1) daily 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_5&domain=pdf
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chest radiograph in critically ill cancer patients requiring mechanical ventilation, 
and in ICU patients with cardiopulmonary disease; (2) immediate post procedure 
radiograph to access the position of central venous line, intercostal drainage tube, 
endotracheal tube, tracheotomy tube, and feeding tube [8]. Often, supine anteropos-
terior radiograph is only possible view in ICU patients, and carries few inherent 
limitations that include poor inspiratory effort, cardiac magnification, and difficulty 
in diagnosis of pleural effusion, pneumothorax, and pneumoperitoneum [7].

Abdominal radiograph is infrequently performed in critically ill cancer patients 
admitted to ICU. Common indications for abdominal radiograph include suspected 
bowel obstruction or bowel perforation [7].

 (b) Bedside ultrasound (USG)

Bedside USG is a valuable tool in the management of critically ill cancer patients 
admitted to ICU. Advantages of USG include portability, easy availability, cheap, 
and lack of ionising radiation [7].

Point of care ultrasonography (POCUS) is performed by clinician at the patient’s 
side, to answer the specific clinical question needed for immediate management of 
critically ill patients. Common indications for POCUS include identification and 
monitoring of shock, and fluid responsiveness, screening of extremities for deep 
vein thrombosis, chest USG to look for pneumothorax, or pleural effusion, and 
basic point of care cardiac evaluation. Though, POCUS by attending clinician plays 
very important role in the immediate management of critically cancer patients, it is 
not substitute for diagnostic USG by radiologist or cardiologist [7, 9, 10].

Common limitations to the use of USG in ICU settings include operator depen-
dency, and high acoustic impedance by bowel gas, excess adipose tissue, bandages, 
and dressings [7].

 (c) Computed tomography (CT)

CT is particularly important in specific clinical scenario, where it difficult to 
establish diagnosis by use of bedside radiograph or USG. It is particularly impor-
tant in evaluation of pulmonary diseases, pulmonary thromboembolism, source of 
infection, central nervous system disorder, oncological emergencies, and post-
operative complications. Although CT is excellent diagnostic modality, it’s routine 
use in ICU patients is limited, as the patient needs to be shifted to radiology depart-
ment for CT scan, which requires prior preparations, and skilled manpower. Even 
then, there is chance of complications during transit, or on table, and often times, 
the patients may be considered unsuitable to shift to the radiology department for 
CT scan. Also, critically ill cancer patients may commonly have impaired renal 
parameters, and use of intravenous iodinated contrast is contraindicated in such 
patients, unless haemodialysis is planned. Alternatively, non-contrast CT, USG, 
and non-contrast MRI can be done, depending on the clinical question that needs 
to be answered [7].

V. Kubihal et al.
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 (d) Magnetic resonance imaging (MRI)

MRI has a very good soft tissue resolution, and is particularly very useful in 
evaluation of disorders of central nervous system, and hepatobiliary diseases, in the 
ICU setting. Limitations that prevent routine use of MRI in ICU setting include 
requirement to shift the patients to the MRI suite, requirement of non -ferromag-
netic support, and monitoring devices, longer acquisition time, and difficulty in 
monitoring patients inside the MRI scanner [7].

5.2  Oncological and Non-oncological Emergencies 
Requiring ICU Admission in Cancer Patients

Common indications for ICU admission in cancer patients include post-operative 
recovery/complications, sepsis, respiratory failure, oncological emergencies, and 
bleeding complications [11]. Common diagnosis in cancer patients that may require 
admission to oncological ICU are discussed below.

5.2.1  Opportunistic Infections

Cancer patients are often prone to opportunistic infection, particularly of fungal 
origin, due to compromised immune system, that may result from chemotherapy, 
immunosuppressive therapy, or graft versus host disease [2]. Lung is the most com-
mon site of infection, and pneumonia is the common cause of death in cancer 
patients [12]. CT is the imaging modality of choice for evaluation of the source of 
sepsis, and diagnosis of lung infections [2].

Invasive pulmonary aspergillosis is common opportunistic infection, seen in 
~1% to 8% of patients with solid tumour, and ~20–50% of patients with acute leu-
kaemia. CT findings in invasive pulmonary aspergillosis include nodules or consoli-
dation with adjacent ground glass opacity forming ‘halo sign’, and less commonly, 
central ground glass opacity with rim of consolidation forming ‘reverse halo sign’ 
(Fig. 5.1). Air crescent sign, that occurs due to necrosis with in nodule, can be seen 
in later stage of disease, and is considered as the sign of recovery, and good prog-
nosis [2].

Pneumocystis jiroveci infection is another common opportunistic infection seen 
in immunocompromised cancer patients. CT findings of pneumocystis jiroveci 
pneumonia include bilateral ground glass opacity, predominantly in perihilar distri-
bution, and lung cysts of variable size. ‘Crazy paving’ and consolidation may also 
be seen [2].

Neutropenic enterocolitis is an important opportunistic infection, particularly 
seen in patients with leukaemia, on cancer chemotherapy, or in patients with bone 
marrow transplantation. CT findings include wall thickening, and abnormal wall 
enhancement, particular affecting caecum, proximal ascending colon, and terminal 
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ileum, along with inflammatory changes in adjacent fat (Fig. 5.2). Early diagnosis 
and effective treatment of this condition is required to prevent bowel wall necrosis, 
and perforation, and thus associated morbidity and mortality [13].

5.2.2  Intracranial Hypertension

Intracranial hypertension is serious complication that can occur in cancer patients 
either due to (1) extensive parenchymal metastasis, commonly from lung cancer, 
breast cancer, and melanoma (2) intra-tumour bleed with in hyper vascular metasta-
sis, commonly from melanoma, renal cell carcinoma, and choriocarcinoma, (3) non 
communicating hydrocephalous from tumour obstructing fourth ventricle, aqueduct 

a b c

Fig. 5.2 Neutropenic enterocolitis in patient with iliac blade PNET, post chemotherapy. (a) 
Coronal contrast enhanced CT, and (b) axial contrast enhanced CT images show long segment 
bowel wall thickening and mural stratification, involving large bowel from caecum till rectum 
(black arrows). (c) axial bone window CT image shows expansile mass in the left iliac blade (white 
arrow). Ascites noted

a b

Fig. 5.1 Fungal pneumonia in a patient with AML. (a) Chest radiograph, PA view, and (b) coronal 
chest CT, lung window, shows multiple nodules (black arrows) in bilateral lungs with peripheral 
ground glass opacity s/o halo sign
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of sylvius, and foramen of Monroe, (4) communicating hydrocephalous from dif-
fuse leptomeningeal carcinomatosis [13] or (5) intracranial bleed due to cancer or 
cancer treatment related coagulopathy (Fig. 5.3).

CT is often the first imaging done to evaluate intracranial hypertension in criti-
cally ill cancer patients. It can demonstrate the presence of mass effect, herniation 
of brain parenchyma, acute intracranial haemorrhage, or hydrocephalous. MRI is 
the imaging modality of choice and is indicated when CT fails to establish the cause 
for intracranial hypertension [13].

5.2.3  Thoracic Emergencies

Common thoracic findings seen in critically ill cancer patients in oncological ICU 
include pleural effusion, pericardial effusion, pulmonary thromboembolism, airway 
obstruction, and drug induced pulmonary toxicity.

 (1) Pleural effusion

Pleural effusion can be either of benign or malignant aetiology. Common benign 
causes include opportunistic infections, reduced oncotic pressure, and obstruction 

Fig. 5.3 Intracranial bleed 
in patient with CLL. Axial 
non-contrast CT image 
shows bleed with in right 
cerebral hemisphere (black 
asterisk), with significant 
midline shift towards the 
left side (black arrow)
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to lymphatic drainage from malignancy. Pleural spread of cancer, commonly of 
lung, breast or ovarian origin, results in malignant pleural effusion [13, 14].

Pleural effusion can often be seen on both chest radiograph and USG, while USG 
can also demonstrate complexity of effusion, and loculations, if present. Malignant 
pleural effusion can have similar appearance to simple benign pleural effusion on 
imaging. Malignant pleural effusion can sometimes be identified on CT by the pres-
ence of nodular or thick circumferential pleural thickening [13, 14] (Fig. 5.4)

 (2) Pericardial effusion/cardiac tamponade

Pericardial effusion in cancer patients can be due to opportunistic infections, 
cancer chemotherapy or radiotherapy, or due to involvement by cancer itself, com-
monly from breast and lung cancers. Cardiac tamponade occurs when pericardial 
effusion is large enough to reduce venous return and thus, cardiac output [12, 14].

On chest radiograph, pericardial effusion causes globular cardiomegaly, with 
‘water bottle appearance’ of cardiac silhouette. On USG, pericardial effusion is seen 
as anechoic space between heart and pericardium. Pericardial effusion is readily 
seen on CT (Fig. 5.5). Malignant pericardial effusion at times, can be seen as nodu-
lar pericardial thickening. On CT, presence of reflux into intravenous contrast into 
IVC, enlargement of IVC, hepatic veins, and SVC, and periportal portal oedema 
could point towards cardiac tamponade [12, 14].

 (3) Pulmonary embolism (PE)

1–2.5% of cancer patients can develop PE [2]. Cancer patients are at increased 
risk of PE due to their hypercoagulable state, local tumour effects, cancer therapy 

a b

Fig. 5.4 Sub diaphragmatic deposit and pleural effusion in patient with carcinoma UB. (a) axial 
contrast enhanced CT, and (b) sagittal contrast enhanced CT images show enhancing UB mass 
(black arrowhead), with sub diaphragmatic deposit invading diaphragm (black arrow), and pleural 
effusion (black asterisk)
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related factors, and prolonged immobilization. Patients with PE can be asymptom-
atic or may present with tachycardia, tachypnoea, dyspnoea, and chest pain. Cardiac 
failure can occur in patients with massive PE [2, 14].

Chest radiograph is insensitive technique to detect PE. However, there are certain 
radiographic sign that when present can sometimes help in early identification of 
PE. Common described signs of PE on chest radiograph include Hampton’s hump 
seen as peripheral wedge shaped area of increased density due to lung infarction, 
Westermark sign seen as area of increased lucency distal to obstructed pulmonary 
artery, resulting from decreased pulmonary blood flow, Fleischner sign seen as 
enlargement of central pulmonary artery proximal to obstruction [2, 3]. USG evalu-
ation of extremity veins can sometimes show deep venous thrombosis, which pre-
disposes to PE [14]. PE in ICU patients is best evaluated with CT pulmonary 
angiogram. CT findings in acute PE include filling defect from thrombus with in 
pulmonary artery, having acute angles with the vessel wall, and ‘polo mint’ or ‘tram 
track appearance’ from contrast surrounding the acute thrombus (Fig.  5.6). 
Peripheral wedge shaped consolidation (pulmonary infarction) can sometimes be 
seen distal to obstructed pulmonary artery. In addition, features of right ventricular 
dysfunctions should be looked for, that include abnormal shape of interventricular 
septum, increased right ventricle diameter to left ventricle diameter ratio (> 0.9–1.5), 
and contrast reflux into IVC. These when present can point towards the severe dis-
ease [2, 3].

 (4) Airway obstruction

Airway obstruction can result from wither endoluminal or extraluminal pathol-
ogy or both. Common endoluminal causes include bronchogenic carcinoma, pri-
mary tracheobronchial tumour (mucoepidermoid carcinoma, and adenoid cystic 
carcinoma), and carcinoid tumour. Extra luminal causes include compression of 
airway by large metastatic mediastinal lymph nodes, or from primary mediastinal 

a b

Fig. 5.5 Pericardial effusion in a patient with mediastinal lymphoma. (a) and (b) axial contrast 
enhanced CT images show infiltrating mediastinal mass, encasing trachea, and mediastinal vessels, 
and pericardial effusion

5 Clinical Imaging in Oncological ICU



44

mass. Central airway obstruction can result in acute respiratory failure, whereas, 
bronchial and peripheral airway obstruction, often results in less severe symptoms 
from consolidation or atelectasis distal to obstruction [2, 12].

Chest radiograph can sometimes show mediastinal mass, tracheal deviation and 
airway narrowing. CT is the excellent imaging modality to evaluate airway obstruc-
tion, identify the cause, and to look at secondary findings in lung that such as con-
solidation or atelectasis distal to obstruction. Airway obstruction is best evaluated 
with bronchoscopy, which in addition to identifying the site of obstruction, can be 
used to obtain tissue sample, and stent placement, if required [2, 12].

 (5) Drug related lung toxicity

10–20% of patients with cancer on anticancer therapy can develop drug related 
lung toxicity [2], either from direct pneumocyte injury (as seen with bleomycin) 
(Fig. 5.7), injury to vascular endothelium (as seen with docetaxel, and gemcitabine), 
or from autoimmune/hypersensitivity reaction (as seen with mTOR inhibitors, tax-
anes, and cyclophosphamide) [2].

Common patterns of drug related lung toxicity include diffuse alveolar damage 
(DAD), organising pneumonia, eosinophilic pneumonia, and diffuse pulmonary 
haemorrhage (DPH). Diffuse alveolar damage (DAD) often shows mid and lower 
zone predominance, and is characterised by diffuse or scattered ground glass opac-
ity and interlobular septal thickening. Consolidation and pleural effusion can some-
times be seen. Organising pneumonia is often seen as patchy focal consolidation, 
predominantly in the peripheral or peri-bronchovascular distribution. Eosinophilic 
pneumonia is often characterised by homogeneous consolidation, with peripheral or 
upper zone predominance. Diffuse pulmonary haemorrhage (DPH) is often seen as 
diffuse ground glass opacity, with relative apical sparing, with or without consolida-
tion or crazy paving pattern [2].

a b

Fig. 5.6 Pulmonary thromboembolism in patient with endometrial carcinoma. (a) coronal, and 
(b) axial contrast enhanced CT images shows right pulmonary artery intraluminal filling defect 
suggestive of pulmonary thromboembolism
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5.2.4  Abdominal Emergencies

Common abdominal emergencies seen in critically ill cancer patients requiring 
admission to oncological ICU include intestinal obstruction, intestinal perforation, 
and bowel infarction.

 (1) Intestinal obstruction

5–15% of cases of intestinal obstruction can be attributed to neoplastic aetiology 
[2]. Even in cancer patients, the two most common causes of intestinal obstruction 
are post-surgery adhesions, and inflammatory stricture. Malignant causes include 
primary bowel mass or extraluminal mass compromising bowel lumen. Also, func-
tional bowel obstruction can be seen in cancer patients secondary to drugs (such as 
vinca alkaloids, and narcotics), peritonitis, and peritoneal carcinomatosis involving 
myenteric plexus [2, 12, 13].

In mechanical intestinal obstruction, abdominal radiograph can show gaseous 
distension of intestinal loops, with absent air in the intestinal loops distal to obstruc-
tion. Air fluid levels can be appreciated on lateral decubitus or erect abdominal 
radiograph. Functional intestinal obstruction is seen as dilatation of both small and 
large intestine, with no point of transition. CT is excellent modality to evaluate site, 
and cause of intestinal obstruction (Fig. 5.8) [2, 12, 13].

 (2) Intestinal perforation

Perforation is one of the serious complication in gastrointestinal malignancy. It 
can be due to cancer necrosis, cancer chemotherapy or secondary to long standing 
intestinal obstruction [2, 12].

a b

Fig. 5.7 Bleomycin toxicity in a patient with non-Hodgkin’s lymphoma. (a) coronal, and (b) 
axial, lung window, CT images show reticulations and ground glass opacity in bilateral lungs, with 
basal predominance, consistent with bleomycin toxicity
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Often, erect chest radiograph or cross table abdominal radiograph are first inves-
tigation. It can sometimes show free peritoneal air. However, radiograph is limited 
in sensitivity for diagnosis of bowel perforation. CT is the investigation of choice. 
Direct signs seen on CT are bowel wall discontinuity, and free peritoneal air. Indirect 
signs of bowel perforation include abnormal wall enhancement, bowel wall thicken-
ing, and adjacent inflammatory changes or collection [2].

 (3) Bowel infarction

Intestinal infarction in cancer patients can be due to mesenteric vessels thrombo-
sis/embolism from hypercoagulable state, or direct vascular invasion by the mass. 
CT angiogram is the modality of choice. Mesenteric vessels, secondary bowel wall 
changes, and associated complications such as perforation, can be very well seen 
on CT [2].

5.2.5  Bleeding Complications

In cancer patients, bleeding complications can occur secondary to bleeding from 
highly vascular tumour, tumour breakdown and rupture, or due to associated coagu-
lopathy. Massive haemoptysis, and severe intra-abdominal bleed, are the serious 
complications that can be seen in cancer patients. CT angiogram is the imaging 
modality of choice. It can demonstrate site, and cause of bleeding, and also allow 
assessment of supplying arteries, useful for planning embolization procedures, if 
need arises (Fig. 5.9) [13].

Fig. 5.8 Small bowel 
obstruction (white arrow 
head) in a patient with 
surgical site recurrence of 
carcinoma ovary (white 
arrow)
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5.3  Evaluation of Catheters and Tubes Used in Critically Ill 
Cancer Patients

Various catheters and tubes are often used in management of cancer patients in 
oncological ICU. Imaging is essential to confirm their position and to detect any 
complications that can occur [3, 15]. Chest radiograph is most commonly used 
imaging modality for the purpose. Common catheters and tubes used in oncological 
ICU are briefly discussed below.

 (1) Endotracheal (ET) tube

Normal position: ET tube should be seen with in tracheal lucency, with tip around 
2–6 cms above the carina [3, 15] (Fig. 5.10).

Complications: Procedure related complication include wrong intubation into 
bronchus or oesophagus, tracheal perforation, and oesophageal perforation. Delayed 
complications include barotrauma, and tracheal stenosis [3, 15].

 (2) Nasogastric (NG) tube

Normal position: NG tube is seen to course in the midline, across the diaphragm, 
with tip around 10 cms distal to GE (gastroesophageal) junction [3, 15].

Complications: Procedure related complications include malposition of NG tube 
beyond the stomach, coiled with in the mouth, or with in pleura, and oesophageal or 
enteric perforation. Delayed complications include aspiration, tube migration, and 
tube breakage [3, 15].

a b

Fig. 5.9 Active biopsy site contrast extravasation in patient with multiple myeloma. (a) coronal 
maximum intensity projection, and (b) axial contract enhanced CT images show active extravasa-
tion (black arrow) from the liver surface, with adjacent hematoma. Multiple hypo enhancing liver 
lesions also noted
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 (3) Intercostal drainage (ICD) tube

Normal position: ICD tube should be seen with in pleural cavity, directed antero- 
superiorly in pneumothorax, and posteroinferiorly in pleural effusion [3, 15] 
(Fig. 5.11).

Complications: Procedure related complications include malposition of ICD 
tube with in lung parenchyma, mediastinum, pericardium, across the diaphragm, or 
with in subcutaneous tissue. Delayed complications include re-expansion pulmo-
nary oedema [3, 15].

 (4) Central venous line, or dialysis catheter

Normal position: central venous line or dialysis catheter are placed with in SVC, 
through internal jugular vein or subclavian vein, with tip at the cavo-atrial junction 
[3, 15].

Complications: Procedure related complications include incorrect placement 
with in the right atrium or ventricle, which can be potentially arrhythmogenic, in 
azygous vein, or with in extra-vascular space including pleura, mediastinum, and 
pericardium. Delayed complications include catheter migration, and thrombosis 
[3, 15].

Fig. 5.10 Normal position 
of endotracheal tube with 
the tracheal lucency (black 
arrow) with tip 2 to 6cms 
above carina. Central is 
also noted with tip along 
the course of SVC (black 
arrowhead)
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5.4  Interventional Radiology (IR) in Management 
of Critically Ill Cancer Patients

IR procedures, either at bedside or at IR suite, can be very useful in the management 
of critically ill cancer patients [5, 6]. Common IR procedure performed in oncologi-
cal ICU include

 (1) Percutaneous drainage or aspiration of collection is recommended by society of 
cardiovascular and interventional radiology standards of practice committee, 
when there is suspicion of infected collection, or when the collection is large 
enough to cause significant symptoms, or when characterization of collections 
is necessary.

 (2) Central venous line placement is the most common IR procedure in oncological 
ICU. It provides intermediate or long term vascular access for cancer chemo-
therapy, total parenteral nutrition, medications, and blood sampling. Even 
though, central venous line can be placed as blind procedure based on the ana-
tomical landmarks, use of image guidance can significantly improve the suc-
cess rate and reduce the complications.

 (3) Embolization of bleeding artery can be done in case of severe bleeding compli-
cations of cancer.

 (4) IV filter can be placed in critically ill cancer patients at risk of PE [5, 6].

Fig. 5.11 Normal position 
of intercostal drainage tube 
(black arrow) with in right 
pleural cavity directed 
superomedially, in patient 
with right pneumothorax
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5.5  Summary

Imaging plays a crucial role in everyday monitoring and management of cancer 
patients admitted in oncological ICU. Imaging is essential for diagnosis of onco-
logical and non-oncological emergencies requiring admission to oncological ICU, 
and also to evaluate various catheters and tubes used in ICU. Portable radiograph 
and ultrasonography are the two commonly used imaging modalities in ICU 
patients, and computed tomography, and magnetic resonance imaging are often 
reserved for conditions that are not readily explained by radiograph or ultrasound. 
Interventional radiology procedures also play an important part in management of 
critically ill cancer patients. Thus, the multidisciplinary approach involving clini-
cian and radiologist, is often required in the management of cancer patients admit-
ted in oncological ICU.
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6.1  Introduction

The use of ultrasound is rapidly gaining popularity in all areas including emergency 
department, operation theatre and intensive care units (ICU). Not only, it is rapid, 
non-invasive, inexpensive but also can be easily performed bedside without expo-
sure to radiations, thus, making it ideal to use in unstable patient.

Historically, ultrasound was used only by the radiologists. However, with the 
advancement in the technology and more compact nature of the equipment lead to 
the emergence of Point-of-care (POC) ultrasound which is defined as bed side ultra-
sonography performed by the clinician to understand the hemodynamic condition in 
real time.

According to the previous studies, use of ultrasound in the emergency depart-
ment has shown to improve diagnostic accuracy and decrease time to consultation 
and length of stay in the emergency department. In addition, POC ultrasound has 
been useful in management of critical conditions including pericardial effusion, pul-
monary embolism, cardiac arrest and sepsis. Furthermore, use of ultrasound for 
procedural guidance has proven to be cost-effective with decreased complication 
rates and improved patient safety.

This real time imaging aids in quick diagnosis and management of the patients in 
the critical care setting avoiding the potential harm of transporting the patient, thus, 
making POCUS standard of care in the ICU. POCUS can be divided into single- 
targeted ultrasound examinations (STU, one or two scanning sites) and multiple- 
targeted ultrasound examinations (MTU) depending on the purpose (Fig. 6.1). This 
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chapter shall briefly discuss the role of POCUS in managing critically ill oncologic 
patients

6.2  Single Targeted Ultrasound Examination

6.2.1  Point-of-Care Cardiac Ultrasound

The point-of-care echocardiography (POCE) is used for rapid assessment of cardiac 
anatomy and function in the critically ill patient. The examination includes five 
standard views including parasternal long axis, parasternal short axis, apical four 
chamber, subcostal and suprasternal notch views and can be performed in few min-
utes (Fig. 6.2).

ICP assessment
Optic sheath diameter

Cardiac assessment
Ventricular function
Pericardial effusion

Endotracheal tube placement

Pulmonary evaluation:
Pneumothorax
Pleural effusion
Interstitial disease

Hemodynamics
IVC  collapsibility
LV and diastolic area

Abdominal evaluation
Free fluid evaluation
Gastric content and volume
assessment

Vascular access:
Peripheral and central venous
access
DVT scan

Fig. 6.1 Sites of POCUS Examination

Stroke volume (SV) = Cross sectional
area of LV outflow tract * Velocity time
integral of LV Cardiac
output = SV * Heart rate

Fig. 6.2 Velocity time integral of Left ventricle to estimate cardiac output
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POCE allows the immediate recognition of life-threatening emergencies such as 
pericardial effusion, cardiac tamponade and aid in the management (pericardiocen-
tesis). Furthermore, bed side echo can be used to assess the cardiac anatomy, a 
global contractility and the hemodynamic status such as preload, cardiac activity 
and afterload. Subsequently, this forms the basis of goal directed fluid therapy. The 
common findings suggestive of hypovolemia include a small calibre inferior vena 
cava (<2 cm diameter) which collapses during inspiration and vigorous, hyperki-
netic contractions obliterating the ventricles in systole.

Other uses of echocardiography include monitoring the evolution of disease, to 
observe the response to potentially therapeutic interventions, such as inotropic 
drugs, and to search for new problems that arise during the course of a critical 
illness.

6.2.2  Thoracic Ultrasound

Thoracic ultrasound is usually performed on patients in respiratory failure in the 
critical care setting. Not only it is fast, safe and cheaper, but also more informative 
compared with anteroposterior chest radiograph and equally effective as chest 
tomography. It can be used to diagnose various causes of dyspnea including pneu-
mothorax, pleural effusion, cardiogenic and non-cardiogenic pulmonary edema, 
alveolar consolidation (Acute respiratory distress, pneumonia, atelectasis) or any 
combination.

Ever since the introduction of Bedside Lung Ultrasound in Emergency (BLUE) 
protocol in 2008 by intensivist Daniel Lichtenstein, several studies have proven the 
effectiveness of lung ultrasound in many clinical scenarios (Flowchart 6.1). POC 
thoracic ultrasound is nearly 100% sensitive for the diagnosis of pneumothorax and 
more accurate in quantifying the pleural effusion.

In his protocol Lichtenstein describes the basic lung ultrasound findings used in 
the ICU. A-lines are the horizontal repetitions of the pleural lines (Figs. 6.3 and 6.4). 
Presence of these along with the lung sliding indicates that the visceral pleural sur-
face is moving freely with respiration against the parietal pleura, and defines a nor-
mal aeration pattern. Also, lung sliding rules out a pneumothorax with a negative 
predictive value of 100% at the site of the ultrasound probe. However, presence of 
lung point, that is the point where normal pleural interface contacts the boundary of 
the pneumothorax, is 100% specific for pneumothorax (Fig. 6.5).

The other type of lines seen are hyperechoic comet tail artifacts called B-lines, 
which appear due to edematous interlobar septa and indicate the presence of an 
alveolar interstitial syndrome. Bilateral, multiple B-lines usually stipulate pulmo-
nary edema and whereas, unilateral indicate mostly infection. As B-lines are 
dynamic and disappear with the improvement of the underlying process, repeat 
ultrasound exams can be used to monitor a patient’s response to treatment.

Next, thoracic ultrasound can be used to detect alveolar consolidations which 
appear similar to the liver, a pattern referred to as hepatisation of the lung. 

6 Role of Point of Care Ultrasound in Oncocritical Care Unit
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Present Absent

B Profile A Profile A profile B Profile

Pulmonary
edema

DVT +

Pulmonary
embolus

DVT -

PLAPS

+

Pneumonia
Asthma/
COPD

-

Pneumothorax Pneumonia

Lung sliding

Flowchart 6.1 BLUE Protocol

Fig. 6.3 A lines in Lung 
ultrasound
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Furthermore, profiles defined in the BLUE-protocol by Lichtenstein aid in rapid 
diagnosis of the common causes of acute respiratory failure with an accuracy >90%.

6.2.3  Evaluation of DVT and Pulmonary Embolism

Deep Vein Thrombosis (DVT) and pulmonary embolism are a frequent cause of 
morbidity and mortality in the ICU. The diagnosis of DVT can be rapidly made 
using the two-dimensional compression ultrasound without a Doppler study.

Thrombus in a vein typically appears as an intraluminal echogenic focus with 
non-compressible walls. However, fresh, immature thrombi may not be echogenic, 
and thus, the primary diagnostic criteria is a lack of vessel compressibility and not 
visualisation of the thrombus.

Fig. 6.4 Seashore 
sign—Normal pleura on 
M mode

Fig. 6.5 Barcode sign in 
pneumothorax
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Enlarged right ventricle, D-shaped left ventricle and the presence of DVT in a 
hypotensive patient suggests pulmonary embolism (Figs. 6.6 and 6.7).

6.2.4  Abdominal Ultrasound

Fluid responsiveness can be assessed using the changes in the diameter of inferior 
vena cava along with respiration by placing a phased array probe in the subcostal 
view of cardiac ultrasound (Fig. 6.8). The IVC diameter is measured at maximum 
and minimum and calculated using the following formula.

 IVC collapsibility IVC IVC IVC= max min max/−  

Fig. 6.6 Normal Doppler 
in femoral vessels

a b c

Fig. 6.7 (a) 2-point leg USG, (b) 3-point leg USG, (c) whole leg USG
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6.2.5  Ultrasound Guided Procedures

Application of ultrasound in the neurological setting includes: B-mode sonography 
to monitor hydrocephalus and intracranial hemorrhage, transcranial Doppler (TCD) 
for diagnosing brain death, and transcranial color-coded sonography to monitor 
cerebral autoregulation and intracranial pressure. Ultrasonography can be employed 
for clinical decision-making, intervention for airway management and for assessing 
pathology of the upper and lower airways. It can also be used to confirm the position 
of endotracheal tube (Fig. 6.9).

6.2.6  Soft Tissue and Musculoskeletal Ultrasound

Musculoskeletal ultrasound is a rapid, sensitive technique and better technique 
compared to radiograph for detecting the presence of joint effusions. Also, 

Fig. 6.8 IVC distensibility

a b c

Fig. 6.9 (a) Transverse probe just above the suprasternal notch; (b) Normally trachea appears as 
hyperechoic curve with artifact (comet tail) and shadowing. The esophagus is usually seen more 
distally and on side of the screen as an oval structure with hypoechoic center and a hyperechoic 
wall; and (c) Intubation of esophagus reveals an adjacent hyperechoic curvilinear structure with 
comet tail artifact and shadowing, consistent with endotracheal tube in the esophagus. This has 
been referred to as the “double tract sign”
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ultrasound can be used for arthrocentesis. Additionally, it can be used to diagnose 
some fractures including injuries that are difficult to diagnose using conventional 
radiography, such as scaphoid, sternum and occult rib and to identify radiolucent 
foreign materials such as glass or wood.

6.2.7  Ocular Ultrasound

The common use of ocular POCUS in the ICU is to determine optic sheath nerve 
diameter (ONSD) as an indicator of increased intracranial pressure. Based on the 
concept that the optic nerve is an extension of the central nervous system, the tech-
nique was first described by Helmke and Hansen in 1997. ONSD is determined 
using 7.5 MHz US probe placed on the superior and lateral aspect of the orbit and 
angled caudally and medially (Figure). The nerve is visualised as a hypoechoic 
structure just posterior to the globe (Figure). After identification of the nerve, the 
optic nerve sheath diameter (ONSD) is measured. A “normal” ONSD on ocular US 
is <5 mm for adults, <4.5 mm for children aged 1–15 years old, and <4 mm for 
infants. 67 Values above the stated ONSD are considered abnormal. The sensitivity 
and specificity of ocular US and abnormal ONSD based on multiple studies are 
77–100% and 63–100%, respectively (Fig. 6.10).

6.3  Multiple Targeted Ultrasound Examination

6.3.1  POCUS in Cardiac Arrest

POCUS has become a common prognostic and diagnostic tool during cardiac resus-
citation, particularly when combined with rhythm strip data. The transthoracic car-
diac ultrasound should be performed within 10 s of stopping chest compressions for 

Fig. 6.10 Measuring ONSD
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a pulse check and not cause delays in chest compressions. If the heart cannot be 
visualized within seconds after the chest compressions are stopped, POCUS should 
be aborted and reattempted after 5 cycles of compression. The first recommended 
approach is subcostal followed by parasternal and apical.

POCUS examinations of the thorax, abdomen, and inferior vena cava can be 
performed during chest compressions. In patients with pulseless electrical activity 
(PEA) in particular, it can prove to be helpful in revealing anatomic causes of PEA 
such as tension pneumothorax, cardiac tamponade and pulmonary embolism. For 
instance, presence of increased right ventricular strain, new tricuspid regurgitation, 
pericardial effusion or absence of lung sliding can direct towards the reversible 
cause of PEA, thus rapidly directing the intensivist to perform tube thoracostomy, 
pericardiocentesis or thrombolysis.

In addition, POCUS during cardiac arrest can be used for prognosis. Various 
studies have shown that the absence of any organized systolic contractions after 
three rounds of advanced cardiac life support medications suggests a minimal likeli-
hood of return of spontaneous circulation. Subsequently, this intra-arrest informa-
tion can help guide the resuscitation timeline and appropriate use of the resources.

6.3.2  POCUS in Shock

POCUS in the undifferentiated shock patient can help in the rapid differentiation 
between the major shock types: distributive (i.e., septic), cardiogenic, hypovolemic 
(i.e., bleeding or other volume loss), and obstructive. To standardize this assess-
ment, there are several scan protocols which mostly involve the ultrasound imaging 
of the heart, the lungs, the vena cava and a focused assessment of the abdomen to 
look for free fluid. Table 6.1 summarizes the sonographic findings in various kinds 
of shock. In a study by Atkinson et al, early multisystem POC ultrasound improved 
diagnostic accuracy of the treating physician in the first 15 min of patient presenta-
tion by 30%. Recognising the type of shock can further help in guiding the manage-
ment such as fluids, vasopressors etc.

Table 6.1 Sonographic findings in major shocks

Distributive shock
Cardiogenic 
shock

Hypovolemic 
shock

Obstructive 
shock

Cardiac 
findings

Spectrum from 
hyperdynamic to 
decreased left 
ventricular function

Decreased left 
ventricular 
function

Hyperdynamic Dilated right 
ventricle or 
pericardial 
effusion

Inferior Vena 
Cava 
findings

Range from 
collapsible to dilated

Non- 
collapsible

Collapsible Non-collapsible

Lung 
findings

Negative B lines present Negative Focal or 
Negative

Abdominal 
findings

Negative Negative Evaluate for 
hemorrhage

Negative
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To conclude, Point-of-care ultrasound is evolving as a practice changing technol-
ogy to care for the critically ill patient. The ability to look inside the human body in 
real time without the risk of radiation helps intensivists narrow the differential diag-
noses, initiation of proper management, and thus improving the overall patient care.
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7Analgesia in Oncology Critical Care
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7.1  Incidence

Patients suffering from cancer often require admission to intensive care unit (ICU) 
either primarily due to the malignancy, to the treatment of the primary condition 
(surgery, chemotherapy) or complications either of the primary disease process 
(e.g., metastasis) or treatment (e.g., pulmonary complications, neutropenic sepsis, 
drug toxicity).

Pain is defined as an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage or described in terms of such damage [1]. 
Though not specific to the cancer population, as high as 70% of patients report 
experiencing pain during their treatment in the general intensive care [2].

7.2  Causes of Pain

Pain could be present at rest or induced during interventions. The causes of pain in 
ICU are summarised in Table 7.1. Factors like young age, prior surgery, pre-existing 
anxiety or depression, number of comorbidities, length of ICU stay are predictors of 
higher self-reported pain intensity. Of all interventions, arterial catheter insertion, 
chest or wound drain removal, turning and repositioning, and tracheal suctioning 
are associated with the greatest increase in pain intensity [3].
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7.3  Short- and Long-Term Consequences of Untreated 
Severe Pain

Pain is widely regarded as the fifth vital sign, and it induces a myriad of deleterious 
physiological changes in most organ systems (Table 7.2). The deleterious effects 
stem from sympathoadrenal stimulation and triggering the systemic inflammatory 

Table 7.1 Causes of pain in ICU

Specific to 
intensive care

•  Interventions—endotracheal intubation, tracheostomy, central/arterial 
lines, chest drains, dressing changes, urinary catheters, nasogastric 
tubes

•  Routine care—position changes, physiotherapy, endotracheal suctioning
Medical 
conditions

•  Pneumonia—pleuritic chest pain
•  Myocardial infarction/angina
•  Abdominal pathology—cholecystitis, pyelonephritis, peritonitis, 

pancreatitis
•  Pre-existing arthritis

Postoperative •  Surgical incisions
•  Abdominal/chest drains

Neuropathic pain •  Infiltrative disease, pressure effect (e.g., lymph nodes, Pancoast tumor)
•  Cancer chemotherapy
•  Paraneoplastic syndromes
•  Phantom pain syndromes

Metastasis •  Bony metastatic deposits
•  Pathologic fractures

Table 7.2 Deleterious effects of uncontrolled pain on organ systems

System Effect
Cardiovascular •  Sympathoadrenal stimulation—tachycardia, hypertension

•  Increased myocardial oxygen consumption
•  Myocardial ischaemia (in susceptible patients)

Respiratory •  Hyper/hypo ventilation
•  Atelectasis
•  Pulmonary complications

Neurology •  Poor sleep
•  Agitation/delirium

Psychology •  Transition to chronic pain
•  Post-traumatic stress disorder
•  Depression/anxiety

Metabolic •  Systemic inflammatory response
•  Increased catabolism
•  Hyperglycemia
•  Immunosuppression
•  Hypercoagulability
•  Impaired wound healing

Patient experience •  Increased length of hospital and ICU stay
•  Poor experience
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response. Poorly recognised and managed pain can lead to worse patient outcomes 
both in the short and long term.

7.4  Assessment of Pain in ICU

Less than 50% of intensive care professionals assess pain and even when it is done, 
the assessment is infrequent [4]. Pain assessment in mechanically ventilated patients 
is independently associated with a reduction in the duration of ventilator support 
and of duration of ICU stay [5]. Lack of training in assessment of pain is the com-
monly cited factor for poor pain management.

Studies evaluating the validity of vital signs for pain assessment produced incon-
sistent results, and in the general ICU patients, there was no observed association 
between vital sign changes and patient self-reported pain scores. Hence, vital signs 
should not be used alone to assess pain in critically ill adults [6].

Pain scoring systems for use in ICU have been adapted and used as a continuum 
from their perioperative use. The choice of the appropriate scale depends on the 
sedation levels and the ability of the patient to communicate.

The pain scales commonly used in ICU in patients:

Who are able to communicate:
 (i) Visual Analogue scale (VAS): Patients mark their pain on a 100 mm horizontal 

line, with verbal descriptors at each end (0: no pain; 100: very severe pain). 
The score is obtained by measuring the distance in millimetres from the left 
end of the line.

 (ii) Numerical Rating Scale (NRS): Patients rate pain on an 11-point scale (0: no 
pain; 10: severe pain).

 (iii) Verbal Descriptor Scale (VDS): patients rate their pain as none, mild, moder-
ate, severe or extreme.

Who are unable to communicate:
 (i) Behavioural Pain Scale (BPS): this scale uses clinical observations of facial 

expression, upper limb movements, and synchrony with mechanical ventila-
tion. BPS ranges from 3 to 12, scores >6 require pain management 
(Table 7.3) [4].

 (ii) Critical Care Pain Observation Tool (CPOT): the scale uses a four-component 
clinical observation of: facial expression, body movements, muscle tension, 
and compliance with the ventilator for intubated patients or vocalization for 
extubated.

In ICU patients who are able to communicate, the NRS in the visual format is the 
best self-reported pain scale and the VDS should be considered in patients unable to 
use numerical scales. The CPOT and the BPS remain the best validated and robust 
scales for assessing pain in critically ill adults unable to self-report. In deeply 
sedated and paralyzed patients, newer approaches like heart rate variability 
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(Analgesia Nociception Index) and pupillary size (Pupillary Pain Index) are being 
explored, but they require validation prior to clinical implementation.

7.5  Pharmacotherapy

The choices for management of pain in ICU can be classified as systemic and 
locoregional techniques depending on the aetiology of the pain. A multimodal 
approach employing both systemic and loco-regional techniques improve the qual-
ity of analgesia whilst minimising the side effects. There is evidence to suggest an 
algorithm-based approach to pain management where analgesia is goal directed and 
titrated to effect improves outcomes [7].

The key choice of the technique depends on a detailed risk benefit analysis and 
keeping in mind the pharmacokinetic and pharmacodynamic differences in this 
cohort of patients. Specific issues which warrant alterations to the choice of drug, 
route of drug administration, dosage, frequency of administration and risk of side 
effects include—altered protein binding, acid base characteristics, reduced splanch-
nic blood flow due to inotropes, hepatic and renal dysfunction. Similarly, the phar-
macodynamic effects may be exaggerated due to altered drug sensitivity, drug 
interactions, and alterations to the effect site (e.g., blood brain barrier in meningeal 
carcinomatous infiltration) [8].

Systemic Analgesia
A large proportion of patients remain deeply sedated in ICU with very little assess-
ment and attention paid towards assessment and treatment of baseline or procedural 
pain [9]. Analgo-sedation protocols (Fig. 7.1), where pain is treated first with opi-
oids and targeted sedation levels are associated with reduced duration of mechanical 
ventilation and lower use of sedatives [10]. Though systemic opioids remain the 

Table 7.3 The behavioural pain scale [4]

Clinical observation Score
Facial expression
    •  Relaxed
    •  Partially tense
    •  Totally tense
    •  Grimace

1
2
3
4

Movement of upper limbs
    •  Relaxed
    •  Partially flexed
    •  Totally flexed
    •  Totally contracted

1
2
3
4

Mechanical ventilation
    •  Tolerating movements
    •  Coughing but tolerating most of the time
    •  Fighting the ventilator
    •  Impossible to control ventilation

1
2
3
4

Reproduced with kind permission from Woulters Kluwer Health
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mainstay of drugs used for analgesia, a multimodal approach which involves differ-
ent classes of drugs, pain receptors and signalling pathways is preferred as they 
offer synergism in drug action with reduced side effects.

The analgesic drugs can be classified into

• Opioid analgesics—Morphine, diamorphine, fentanyl, alfentanil, oxycodone, 
codeine.

• Non-opioid analgesics—paracetamol, non-steroidal anti-inflammatory agents 
(NSAID’s).

• Adjuncts—Tramadol, tricyclic antidepressants, gabapentinoids, alpha-2 ago-
nists, ketamine & magnesium.

The dosage, routes of administration, and special considerations of the commonly 
used opioid analgesics and adjuvants are summarised in Table 7.4.

Is patient comfortable and at the
set sedation & pain goal?

Rule out reversible causes
(respiratory distress,

reorientation, optimize
environment, patient

positioning)

Reassess goal daily. Titrate to maintain
goal. Daily interruption of sedation &

spontaneous breathing trials

Is patient in
pain? (NRS)

Reassess goal

Aim NRS<4 or
CPOT<2

Analgesic management: Consider regular
Paracetamol, assess for neuropathic pain and treat
with gabapentin or carbamazepine

First line: Fentanyl or Alfentanil or Morphine
(intermittent dosing preferred, if more frequent
dosing consider infusions of the above drugs)

In patient
anxious/agitated?

(RASS)

Set goal for
sedation. Aim
RASS- 1 to 0

Optimize pain management before sedation

Sedation management: First line: Propofol, second
line: consider adding Clonidine/Dexmedetomidine

infusions
Generally avoid benzodiazepines, consider using
them as rescue therapy and in alcohol withdrawal

Does the
patient have

delirium?
(positive CAM-

ICU)

Identify causes, eliminate
factors. Non pharmacologic
interventions-minimize light,
noise, patient interruptions

Optimize delirium prevention strategies

Consider Haloperidol or Atypical
antipsychotics (Quetiapine, Risperidone)

NO YES

YES

YES

YES

Fig. 7.1 Composite pain, agitation and delirium management guideline in mechanically venti-
lated adult ICU patients. NRS numerical rating scale, CPOT critical care pain observation tool, 
RASS Richmond agitation and sedation scale, CAM-ICU confusion assessment method for 
ICU. Adapted from Barr et al. [6]
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Table 7.4 Commonly used drugs for pain management in ICU.

Drug Onset Half life Dosage Special considerations
Fentanyl 1–2 min 2–4 h B: 1–2 μg kg−1

I: 1–10 μg kg−1 h−1

PCA: 10–25 μg bolus, 
lock out: 5–15 min, 4 h 
limit 400–800 μg.
Patches: 25–100 μg h−1

Metabolised in the liver with 
no active metabolites. 
Accumulation in hepatic 
impairment.
May accumulate in 
ESRF. Less hypotension than 
with morphine. Highly lipid 
soluble, duration of action is 
significantly prolonged when 
continuous infusions are used 
for prolonged periods.
Transdermal patches used in 
palliative care.

Morphine 5–10 min 3–4 h B: 0.1–0.2 mg kg−1;
I: 0.05–0.1 mg kg−1 h−1

PCA: 1–3 mg bolus, 
lock out: 5–15 min, 4 h 
limit: 30–70 mg
IM/SC: 10 mg fourth 
hourly
PO: 5–20 mg fourth 
hourly

Metabolised by 
glucouronidation, active 
metabolites Morphine-6-
glucouronide (M6G), 
Morphine-3-glucouronide 
(M3G). Oral bioavailability 
poor 15–65%. M6G is more 
potent than morphine and 
accumulates in renal 
impairment and M3G can 
cause delirium. Caution in 
both hepatic and renal 
impairment. Morphine 
causes histamine release.

Alfentanil 1–2 min 1.6 h B: 10–30 μg kg−1

I: 20–60 μg kg−1 h−1

Less lipid soluble, quick 
onset and offset. Dose 
related, short duration 
respiratory depression, 
elderly patients particularly 
sensitive.
Clearance prolonged in 
hepatic impairment 
(cirrhosis) but unaffected in 
renal impairment.

Remifentanil 1–3 min 3–10 min B: 1 μg kg−1

I: 0.05–2 μg kg−1 min−1

Hydrolysis by plasma 
esterases. No active 
metabolites. No 
accumulation in hepatic/renal 
failure. Use **IBW if body 
weight >130% IBW. Used 
more often in the neuro-
intensive care for early 
neurology assessment.
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Table 7.4 (continued)

Drug Onset Half life Dosage Special considerations
Pethidine 5–10 min 4 h B: 0.5–1 mg kg−1;

I: 0.1–0.3 mg kg−1 h−1

PO: 50–150 mg fourth 
hourly
PCA: 10–30 mg bolus, 
lock out: 5–15 min, 4 h 
limit 80–300 mg

Active metabolites—
norpethidine, pethidinic acid.
Antimuscarinic effects, 
hypotension, interactions 
with Mono-amino Oxidase 
inhibitors (MAOI).
Metabolites accumulate in 
renal failure and can cause 
seizures.

Oxycodone 4–6 h s.c. 2.5–5 mg fourth 
hourly
PO: 5–10 mg fourth 
hourly

Predictable and higher oral 
bioavailability 60–87%, 
caution in hepatic and renal 
impairment. Used both in 
acute pain and in cancer/
palliative pain.

Tramadol 4–6 h i.v./i.m.: 50–100 mg iv 
four to sixth hourly
PO: 50–100 mg four to 
sixth hourly

High oral bioavailability, 
only partial antagonism by 
naloxone, causes less 
respiratory depression. 
Accumulates in renal and 
hepatic impairment. 
Contraindicated with 
concomitant use of 
MAOI. Caution in patients 
with epilepsy.

Codeine 4–6 h i.m.: 30–60 mg fourth 
hourly
PO: 30–60 mg fourth 
hourly

50% oral bioavailability, 
10% undergoes 
O-demethylation to 
morphine, less effective 
against severe pain. CYP 
2D6 polymorphisms produce 
unpredictable effects. Poor 
metabolizers have inadequate 
pain relief; ultra-rapid 
metabolizers may have 
respiratory depression.

Diamorphine 3–4 h i.v. bolus: 
0.05–0.1 mg kg−1

i.m./s.c.: 5–10 mg 
fourth hourly
PO: 5–10 mg fourth 
hourly

Metabolised to active 
components—monoacetyl 
morphine and morphine by 
esterases. Highly lipid 
soluble, less likely to cause 
respiratory depression when 
administered intrathecally. 
Mainly used for cancer pain 
and palliative care as 
subcutaneous infusions

(continued)
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Table 7.4 (continued)

Systemic opioids are the standard in pain management in ICU. But some of the 
side effects of opioids may prolong LOS in ICU and worsen outcome (Table 7.5). 
Non-opioid adjuvants have opioid sparing effects. Intravenous acetaminophen 
(Paracetamol) decreased pain scores, morphine consumption with significantly 
improved time to extubation, sedation scores and nausea rates in surgical ICU 
patients but was associated with an increased risk of hypotension [11]. Low dose 

Drug Onset Half life Dosage Special considerations
Ketamine 2.5–4 h B: 0.1–1 mg kg−1;

I: 0.125–0.5 
mg kg−1 h−1

Metabolite nor-ketamine is 
less potent and has hypnotic 
effect. Oral bioavailability 
20%. Contraindicated in 
cases with ischaemic heart 
disease, raised intracranial 
pressure, significant 
hypertension and psychotic 
states.

α-2 agonists
Clonidine

B: 2–5 μg kg−1;
I: 0.3 μg kg−1 h−1

PO: 50–150 μg

Reduced myocardial 
ischaemia, sedation and 
hypotension at higher doses
Not available orally.Dexmedetomidine B: 1 μg kg−1;

I: 0.2–1 μg kg−1 h−1

Gabapentinoids
Gabapentin

5–9 h PO: 900–3600 mg/day 
in 3 divided doses

Bioavailability of gabapentin 
inversely related to dose. 
Both gabapentinoids have no 
hepatic metabolism and are 
excreted largely unchanged 
in the urine. Dose adjustment 
in renal impairment.

Pregabalin 5–7 h 50–300 mg/day in 2–3 
divided doses

Amitryptyline PO: 10–100 mg Useful in neuropathic pain. 
Caution in elderly, start at 
night time at low dosage. 
Avoid in heart blocks and QT 
prolongation.

Magnesium B: 40 mg kg−1

I: 10 mg kg−1 h−1

Delayed tendon reflexes in 
high doses/prolonged 
infusions. Prolongs duration 
of action of neuromuscular 
blockers.

Nefopam PO: 30–90 mg eighth 
hourly

Paracetamol 1 g PO/iv four to sixth 
hourly

Above doses are guides and vary widely for individual patients. *B Bolus (Bolus doses are titrated 
in aliquots for achieving pain relief), I infusion, PCA patient-controlled analgesia, PO per oral, 
**IBW ideal body weight, ESRF end stage renal failure (Adapted with kind permission from 
Oxford university press). Narayanan et al. [8]
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ketamine has significant opioid sparing effects, but its use should be only be consid-
ered in ICU after a careful risk benefit analysis due to its undesirable psychomi-
metic side effects (delirium, hallucinations). Neuropathic agents (gabapentin, 
pregabalin) reduced pain intensity and opioid consumption in ICU patients with 
Guillain Barre Syndrome [12]; sedative, cognitive dysfunction and need for enteral 
route precludes their generalisability to all ICU patients without a neuropathic ele-
ment to pain. NSAID’s are not routinely recommended in ICU due to their high 
risk-benefit profile and serious side effects (gastrointestinal bleeding, acute kidney 
injury). There is paucity of data on the role of selective cyclooxygenase-2 (COX-2) 
inhibitors in critically adult ICU patients. Evidence from non-ICU studies supports 
the use of i.v. Lidocaine in reducing pain intensity after abdominal surgery. The 
benefits of i.v. lidocaine are at best modest; with significant pharmacokinetic vari-
ability and the risk of cardiac or neurotoxicity in the ICU patients, the safety con-
cerns outweigh the benefits of its routine use.

7.6  Side Effects and Complications

Prolonged use of any drug is associated with a side effect profile which may even 
obscure the benefits for which it was commence, hence all drugs should be reviewed 
on a daily basis. The presence of cardiovascular or respiratory failure was associ-
ated with the use of sedatives and opioids [9]. The common side effect profile of the 
analgesics used are summarised in Table 7.5.

Table 7.5 Complications and side effects of commonly used analgesic in ICU

Drug Systemic side effects
Opioids Cardiovascular—Hypotension, bradycardia.

Respiratory—Delayed ventilator weaning, increased length of stay, 
cough suppression.
Gastrointestinal—Ileus, nausea/vomiting, constipation.
Central nervous system—Respiratory depression, Sedation, delirium, 
confusion, hallucination, hyperalgesia, physical dependence, addiction, 
dysphoria, seizures, drug withdrawal.
Others—Immunosuppression, pruritus, urinary retention, muscle 
rigidity, dry mouth.

NSAID’s GI bleeding, renal dysfunction, reduced platelet aggregation
Non opioid analgesics
    Ketamine Delirium, hallucinations, nausea, vomiting.
     Clonidine/

dexmedetomidine
Sedation, dizziness, hypotension, bradycardia, dry mouth.

     Gabapentin/
pregabalin

Somnolence, dizziness, confusion, convulsions, fatigue, ataxia.

    Nefopam Tachycardia, glaucoma, seizure, delirium
    Amitriptyline Dry mouth, sedation, blurred vision, arrhythmias, postural hypotension.
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Regional Analgesia
Systemic analgesia is associated with significant side effects (Table 7.5), which may 
prolong the duration of ICU/hospital stay and lead to a poor patient experience. 
Though poorly studied in ICU patient population, regional anaesthesia (RA) has the 
potential to offer excellent pain relief while minimising the side effects. Though 
epidural analgesia (EA) has not been to definitively proven to reduce cancer recur-
rence or long-term mortality [13], thoracic epidural analgesia (TEA) facilitates 
early weaning from ventilatory support after lung surgery, lung transplant, and cyto-
reductive abdominal surgery.

Specific factors to consider in the ICU population are the altered pharmacokinet-
ics of the local anaesthetics (LA) due to hypoalbuminaemia, renal or hepatic dys-
function which may predispose to LA toxicity and necessitate dosage adjustments 
[14]. The pharmacodynamics alterations may lead to increased sensitivity or exag-
gerated effects like hypotension in vasopressor dependant or hypovolemic patients. 
The environmental factors due to unfamiliarity may predispose to drug errors or 
wrong injections via indwelling regional anaesthesia catheters. Regional catheters 
can frequently dislodge during routine ICU care like position changes and physio-
therapy. Recognition of side effects or complications of regional techniques may be 
delayed by factors such as sedation, critical care weakness, and delirium [14].

The indication & choice of technique depends on skills and a detailed risk benefit 
analysis specific to on an individual patient (Table 7.6).

The complications of RA techniques in ICU patients, though unquantified may 
possibly be higher than the perioperative setting. These complications can go unrec-
ognised and have catastrophic consequences increasing the morbidity and length of 

Table 7.6 Indications of RA

Indications of RA Regional anaesthetic options
Surgical resections for malignancy in specific organ systems
Thoracotomy—lung resection/
pneumonectomy

Thoracic epidural
Paravertebral blocks

Laparotomy (hepatectomy, 
bowel resection)

Neuraxial-epidural/spinal
TAP blocks: classical and Subcostal approaches
Rectus sheath blocks
Local infiltration analgesia

Rib fractures (metastatic 
deposits)/rib resection

Thoracic epidural
Paravertebral blocks
Interpleural block
Intercostal blocks
Serratus plane blocks

Limb fractures (pathological)/
limb amputations

Lower limb: spinal/epidural
Plexus (Lumbar + Sacral), fascial plane blocks (fascia iliaca 
blocks) and peripheral nerve blocks (femoral, sciatic, 
popliteal)
Upperlimb: brachial plexus blocks and peripheral nerve 
blocks

M. Narayanan and T. Keady



71

ICU stay. Infective complications include sepsis, meningitis, vertebral canal abscess 
due to neuraxial techniques. Bleeding complications due to haemostatic abnormali-
ties include neuraxial or extra-neuraxial hematoma, hypovolemia, hypotension and 
local compressive effects. Pneumothorax or diaphragm paresis due to upper limb or 
trunk blocks can delay weaning from mechanical ventilation. Similarly, nerve dam-
age, neuropraxia especially of lower limbs, significantly hampers mobilisation and 
rehabilitation.

Non-pharmacologic Measures
Modalities like hypnosis, massage, music therapy, relaxation techniques and cryo-
therapy are supported by low quality evidence and hence have conditional recom-
mendations for their use in specific cohorts of ICU patients. They are attractive due 
to their low harm profile but are limited by resources.
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in Oncology Critical Care
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8.1  Sedation

8.1.1  The Need for Sedation in ICU

Sedatives are frequently administered to critically ill patients to relieve anxiety, 
reduce the stress of being mechanically ventilated, and prevent agitation-related 
harm [1]. However these medications may predispose patients to prolonged ventila-
tion, delirium or other morbidities [2, 3].

The need for sedation should therefore be considered carefully. The ideal state of 
a patient in ICU is comfortable, alert and in no distress. Common causes of distress 
include anxiety, delirium, pain, dyspnoea and neuromuscular paralysis. The cause 
of distress should therefore be identified and treated before pharmacologic sedation. 
This is exemplified by the concept of analgosedation where pain is treated first, and 
thereafter sedative agents are considered. This is especially relevant in cancer 
patients where pain control is a high priority.

In 2018, the Society for Critical Care Medicine released the PADIS guidelines on 
which much of the following chapter is based. These were updated from the 2013 
guidelines to include the prevention of immobility and sleep provision as key com-
ponents of best practice in caring for critically ill patients.

8.1.2  Risk Factors for Delirium and Agitation

Delirium is an acute fluctuant confusional state that is common in ICU. There are 
modifiable and non-modifiable risk factors for its development in critically ill 
patients.
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8.1.2.1  Modifiable Risk Factors
• Benzodiazepine use (reported by multiple high-quality studies) [1]
• Blood transfusions (in surgical and trauma patients) [1]

8.1.2.2  Non-Modifiable Risk Factors
• Episode of coma or deep sedation [4]
• Older age
• History of dementia
• Emergency surgery or trauma prior to admission
• Increasing APACHE and ASA scores

Conversely, opioid use and mechanical ventilation have been strongly shown not to 
alter the risk of delirium [1].

Delirium in critically ill adults is strongly associated with hospital length of stay 
and cognition at 3 and 6 months. However, it has been shown not to be associated 
with PTSD and not consistently with ICU length of stay, disposition to a place other 
than home, functionality or mortality [1].

Agitation in ICU is of course a safety concern and should be managed carefully 
by treating the cause, and with pharmacological and non-pharmacological methods. 
However, subsyndromal and hypoactive delirium is common, and pharmacologic 
management does not appear to affect clinical outcomes other than the incidence of 
delirium itself. Furthermore, antipsychotics are often continued unnecessarily into 
the patients discharge medications. Society guidelines have therefore recommended 
avoiding the risks of antipsychotics and other medications in these cases unless 
there is a safety concern [1].

8.1.3  Goals and Sedation Scores

For years sedation was considered a necessary adjunct to critical care. A combina-
tion of factors has led to a paradigm shift. This includes the emergence of advanced 
ventilation modes, rapidly titratable sedative agents, increased placement of trache-
ostomy tubes, increased recognition of ICU acquired weakness as well as economic 
pressures and new high-quality evidence.

Today, the most common goals are the provision of anxiolysis and rest, the 
reduction of distress, and the blunting of awareness where communication is not 
possible.

The goal of sedation may also be related to a disease process such as seizure 
management or raised intracranial pressure, or it may be used to reduced oxygen 
utilization, facilitate procedures, maintain safety or for palliation.

Thus, a clear definition for the goal of sedation remains elusive and case 
dependent.

A variety of validated sedation scores are in widespread use however. One of the 
simplest and most commonly used is the Richmond Agitation Sedation Scale 
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(RASS) seen in Table 8.1. Tools like this allow sedation targets to be more objective, 
prescriptive and protocolised.

8.1.4  Protocolised Sedation Algorithms

There is a clear vogue today for light sedation. This is most likely due to the benefits 
of a reduction in time to extubation, and the rate of tracheostomy [5, 6]. More recent 
RCTs have demonstrated that light sedation does not appear to affect mortality how-
ever, and it has no clear effect either way on delirium, PTSD, depression or self–
extubation [1].

There are several other caveats when considering the evidence for a sedation 
protocol. Firstly, there is no consensus on the definition of light, moderate or deep 
sedation or the effect of depth of sedation on patient centred outcomes. Secondly, 
the magnitude of the reduction in time to extubation and tracheostomy rate is small 
[1]. Thirdly, most studies in this area used benzodiazepines in their sedation regi-
mens, and since this medication is no longer recommended, the validity of these 
studies today may be questioned.

Despite the above, a variety of methods for targeting an appropriate level of seda-
tion are in use today. The two most often used are Daily Sedative Interruption (DSI) 
and Nursing-Protocolised sedation—either continuous infusion or intermittent 
bolus. No significant differences exist between them in achieving a safe and light 
level of sedation [1]. However DSI protocols may increase nursing workload com-
pared with protocolised sedation alone [4].

8.1.5  Monitoring

After initiation of pharmacotherapy, the goal of monitoring should be to avoid 
excess sedation. This may be achieved using scoring systems to assess not only 
sedation but also delirium and pain. Commonly used scoring systems include the 
similarly named Sedation-Agitation Scale (SAS) scored from 1 to 7, the Richmond 

Table 8.1 Richmond agitation sedation scale (RASS)

+4 Combative
+3 Very agitated
+2 Agitated
+1 Restless
0 Alert and calm

−1 Drowsy

−2 Light sedation

−3 Moderate sedation

−4 Deep sedation

−5 Unrousable
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Agitation Sedation Scale (RASS) scored from −5 to +4, and the Ramsay Sedation 
Scale (RSS) scored from 1 to 6. Commonly used delirium scales include the 
Confusion Assessment Method for the ICU (CAM-ICU) and the Intensive Care 
Delirium Screening Checklist (ICDSC). Both are simple and valid tools for detect-
ing delirium.

More objective scores are also in use, particularly during deep sedation and/or 
muscle relaxation. Most research has focused on Bispectral Index (BIS) monitoring 
where some small studies have shown reductions in total in total sedative use, faster 
wakening times and less agitation, however, more research is needed in this area [1].

8.1.6  Pharmacotherapy

Pharmacotherapy is indicated when the cause of a patient’s distress cannot be rem-
edied, and non-pharmacological treatments cannot sufficiently control the situation. 
The most used sedatives in ICU are benzodiazepines, opioids, propofol, dexmedeto-
midine, ketamine and anti-psychotics.

As there is no ideal agent, selection of a therapy should be individualized to the 
patient and situation.

• Pain and dyspnoea are best treated with an opioid. See Chap. 7 for more detail.
• In the case of delirium, the most recent guidelines discourage the routine use of 

antipsychotic agents such as quetiapine and olanzapine [1]. They are often con-
tinued into the patients discharge medications and continued exposure to these 
agents can result in significant morbidity and financial burden. However, they are 
useful in managing agitation and the symptoms of delirium such as anxiety, fear-
fulness, hallucinations and delusions. There is also evidence from the Dahlia 
study for the use of dexmedetomidine for delirium in the instance where it is 
precluding safe extubation [7].

• For agitation due to stress or anxiety, propofol or dexmedetomidine are preferred 
over benzodiazepines
 – Dexmedetomidine was found to be non-inferior to propofol and midazolam 

for sedation in in the Prodex-Midex studies.
 – However, the more recent large multicentre RCT, the SPICE III study, which 

compared early dexmedetomidine infusion to usual care found only minor 
differences in ventilator and ICU free days [8].

 – Clonidine may be used as an analgesic adjunct or to transition away from 
dexmedetomidine infusions. It is not licensed for sedation and data on the 
safety and efficacy of clonidine infusions are lacking.

 – Propofol has the added benefit of anti-emetic properties which may be useful 
in cancer patients.

• Barbiturates such as thiopental are occasionally used where patients are not 
responding to other agents. Drawbacks to its use include profound cardiorespira-
tory depression, and a prolonged elimination half-life.
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• Ketamine is rarely used and not licensed for infusion in ICU. Unwanted psycho-
active effects such as hallucinations, confusion and delirium as well as cardiore-
spiratory changes limit its use. It is however, a useful analgesic adjunct.

8.1.7  Acute Withdrawal Syndrome of Long-Term Analgesia and/
or Sedation in the ICU

Opioids such as fentanyl and morphine are frequently administered for long periods 
of time in ICU for their analgo-sedative effects. Withdrawal symptoms such as 
sweating, vomiting, lacrimation, hypertension, fever, and anxiety are common on 
discontinuation—up to 32% of patients in ICU for 1 week or more may suffer from 
these [9]. If the agent has been administered for a short period of time, i.e., less than 
7 days, it is reasonable to discontinue over a few hours. A more gradual reduction of 
10–25% per day may be required if tachyphylaxis has developed.

Benzodiazepine withdrawal causes similar symptoms to opioid withdrawal as 
well as increasing the risk of seizures. Management strategies may include slow 
weaning of the infusion and the addition of regular lorazepam.

In the case of deeply sedated patients with prolonged ICU stays, it may be neces-
sary to completely stop sedative infusions due to medication accumulation.

There have not been any controlled trials and there is no consensus on the best 
strategy for avoiding withdrawal. Oral methadone has been used due to its desirable 
effects such as NMDA antagonism and long half-life [10]. Oral and intravenous 
clonidine and dexmedetomidine infusions have been used but data are limited to 
case reports.

8.2  Concept of Minimal Sedation

According to the American Society of Anaesthesiologists, minimal sedation (anx-
iolysis) is a drug-induced state during which patients respond normally to verbal 
commands. Although cognitive function and physical coordination may be impaired, 
airway reflexes, and ventilatory and cardiovascular functions are unaffected.

A recent trial of non-sedation (analgesia only) vs light sedation showed no dif-
ference in mortality, ICU or ventilator free days, or delirium [11].

8.3  Mobilization and Rehabilitation

Survivors of ICU frequently experience long-term sequelae such as ICU acquired 
muscle weakness (ICUAW). It can occur in 25–50% of critically ill patients. As well 
as mitigating ICUAW, mobilisation may be beneficial in the management of delir-
ium and pain although there is no evidence for an effect on mortality [1].
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8.4  Sleep

Poor sleep is a common source of significant distress among critically ill patients. 
The interplay of severe illness, medications, cerebral perfusion, delirium and sleep 
is complex but an evolving area of research. There is insufficient evidence to sup-
port the use of medications such as dexmedetomidine and melatonin to promote 
sleep. However, dexmedetomidine may improve sleep architecture and melatonin is 
cheap and has few side effects. Due to REM suppression and haemodynamic effects, 
it is suggested propofol should not be used for sleep promotion. Non-pharmacological 
methods such as sleep promoting protocols involving earplugs and eyeshades may 
have some benefit in improving sleep and reducing delirium but their effectiveness 
remains to be proven [1].

8.4.1  Complications and Prevention

See Table 8.2 for a summary of the complications of sedation and how they may be 
prevented.

8.5  Neuromuscular Paralysis

8.5.1  Role of Paralysis and Neuromuscular Blocking Agents 
in the ICU

Neuromuscular blocking agents have a number of clinical uses in ICU on which 
there is broad agreement. However, consensus is lacking in some areas such as in 
the management of moderate to severe respiratory failure in the setting of 
ARDS. This debate is especially relevant in the critically ill cancer patient where the 

Table 8.2 Complications of sedation and how they may be prevented

Complications of Under-Sedation Prevention of Complications
Agitation Validated delirium monitoring tools
Pain Validated sedation scales
Increased stress response Protocolised sedation strategies
Accidental removal of medical devices Using light or minimal sedation
Increased clinician workload Prevention of prolonged immobility

Facilitation of sleep
Complications of over-sedation Avoiding benzodiazepines
Cardiorespiratory effects Appropriate blood transfusion targets
Drug side effects and interactions Processed EEG monitoring
Continuation of antipsychotics post ICU Management of withdrawal symptoms
Delirium
Prolonged ventilation
Prolonged ICU stay
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risk of respiratory failure and mortality is high, but advanced therapies such as 
ECMO may not be appropriate [12].

Where sedation and analgesia strategies alone have failed, or are not appropriate, 
some clinical indications for neuromuscular blockade include the following: [13].

• Facilitation of lung-protective mechanical ventilation in the case of severe 
hypoxemia

• Prevention of shivering due to therapeutic hypothermia post cardiac arrest
• Management of the increased muscle activity of certain medical conditions, such 

as tetanus or neuroleptic malignant syndrome
• Elimination of unwanted movement or ventilator dyssynchrony in the setting of 

raised ICP, raised intra-abdominal pressure, pulmonary haemorrhage or refrac-
tory status asthmaticus

• Facilitation of procedures commonly needed for critically ill cancer patients 
such as intubation, bronchoscopy, endoscopy, bronchoalveolar lavage, or biopsy

Critically ill cancer patients are at high risk of ARDS [14]. This may be infective or 
non-infective in origin. Causes specific to cancer patients include chemotherapy-
related pulmonary toxicity. The utility of neuromuscular blockade in this setting has 
been extensively investigated, however, uncertainty still exists. The ACURASYS 
study in 2010 showed mortality benefit from 48 hours of cisatracurium infusion for 
patients with severe ARDS [15]. On the basis of this and other trials, society guide-
lines suggested NMBA infusions for patients with moderate to severe ARDS [16]. 
The second major RCT, the ROSE study, was published in 2019 and found no ben-
efit from NMBA infusion and deep sedation compared with light sedation [17]. 
Society guidelines were subsequently adjusted to recommend against the routine 
use of NMBA infusions where light sedation alone is tolerated [18]. NMBA use has 
therefore become more limited recently to the aforementioned indications.

8.5.2  Need for Sedation During Neuromuscular Blockade

NMBAs have no sedative, amnestic or analgesic properties. In small case series, 
patients who were paralysed without adequate sedation reported continuous feel-
ings of fear, nervousness and discomfort [19]. However patients have also reported 
feelings of being cared for and remembered emotional support from staff and family 
[20]. Guideline recommendations are therefore that sedative and analgesic drugs 
should be administered prior to and during neuromuscular blockade, with the goal 
of achieving deep sedation [16].

Where NMBA infusions are used, processed EEG monitoring is sometimes 
employed to ensure sufficient sedation. Data surrounding the validity of these moni-
tors in critically ill patients are lacking, however a positive correlation between BIS 
and the Sedation Agitation Scale has been noted in one small study of non-paralysed 
patients [21]. Given increasing knowledge and interest among intensivists in the 
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interpretation of EEG waveforms, where clinical assessment is equivocal, processed 
EEG monitoring may have a role [22].

8.5.3  Choice of Neuromuscular Blocking Agents

A variety of NMBAs exist and the choice between them depends on the indication 
and the patients’ comorbidities.

• For rapid sequence intubation, the agent most often used is the non-depolaris-
ing agent rocuronium. The depolarising agent succinylcholine is rarely used in 
intensive care due to the potential for hyperkalemia in this high risk popula-
tion. It is also a trigger for malignant hyperthermia, can cause elevated intra-
ocular and intracerebral pressure and has higher potential for anaphylaxis than 
other agents.

• Rocuronium and vecuronium are intermediate acting agents that are commonly 
used as bolus doses in ICU. Sugammadex is effective in reversing neuromuscular 
blockade due to both rocuronium and vecuronium by forming a tight complex 
with those compounds followed by renal excretion.

• Atracurium or cisatracurium are the preferred agents for infusions as their metab-
olism is unrelated to renal or hepatic function [13]. The side effect of histamine 
release that occurs with atracurium use is not seen with its cis-isomer, cisatracu-
rium. They are both primarily eliminated through Hoffman degradation.

• Pancuronium is a long-acting agent with vagolytic properties that make it useful 
for cardiac surgery. However it should be used with caution in critically ill cancer 
patients due to the risk of exacerbating and prolonging muscle weakness.

8.5.4  Monitoring Depth of Paralysis

Peripheral nerve stimulation with train of four (TOF) monitoring may be a useful 
adjunct in the assessment of neuromuscular paralysis. It involves stimulating a 
nerve four times and counting the number of muscle twitches seen. A TOF count of 
0/4–1/4 is a typical target for deep paralysis. While this is a useful objective mea-
sure, several factors including the characteristics of the patient, the staff and the 
equipment may affect its accuracy. For instance, a patient with a TOF count of 0/4 
may still exhibit respiratory effort or a cough on suctioning. A small RCT which 
compared protocol driven neuromuscular paralysis with TOF monitoring vs clinical 
assessment alone showed no difference in paralysis time, recovery time or total dose 
administered [23]. It is therefore recommended to perform clinical assessment of 
the level of neuromuscular blockade and consider the incorporation of peripheral 
nerve stimulation where issues arise [16].
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8.5.5  Complications and Prevention

ICU acquired weakness (ICUAW) is a syndrome that may persist long after the 
patient has been discharged from ICU and the hospital. It likely results from several 
factors including critical illness neuromyopathy and disuse atrophy, but it is unclear 
whether neuromuscular blockade is a major contributor [13]. No difference in ICU 
acquired weakness was noted in either major RCT assessing the benefits of NMBA 
infusions—the ACURASYS and ROSE studies. Other factors which may contribute 
to ICUAW include corticosteroid use, prolonged bed rest and immobility, amino-
glycoside use and sepsis with multi-organ failure [24].

A summary of complications and methods for their prevention can found in in 
Table 8.3.
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9Blood Gas Analysis and Acid-Base 
Disorders

Nitin Rai and Dalim Kumar Baidya

Human body maintain homeostasis by many physiological processes which keep a 
fine tuning of pH between 7.35 to 7.45. This pH enables various essential processes 
like oxygen delivery to tissue, maintaining protein structure in the proper configura-
tion and helps in carrying out various biochemical reactions smoothly. Two types of 
acids contribute to daily acid load—respiratory (or volatile) acids and metabolic (or 
fixed) acids. Respiratory acid is carbon dioxide produced by complete oxidation of 
carbohydrates and fatty acids [1]. Although CO2 itself is not an acid as per Bronsted- 
Lowry system as it does not contain a hydrogen, instead it has a potential to create 
an equivalent amount of carbonic acid (H2CO3). Daily basal CO2 production is 
12,000 to 13,000 mmols/day. All acids other then H2CO3 are fixed acids as those are 
not eliminated by lungs. These acids are produced due to incomplete metabolism of 
carbohydrates (e.g. lactate), fats (e.g. acetoacetate or b-hydroxybutyrate) and pro-
tein (e.g. sulphate, phosphate) and are eliminated by kidneys. Daily production is 
about 70 to 100 mmoles of H+ per day in an adult.

9.1  Buffers

Any acid base disturbance is compensated by buffers system in the body, respiratory 
response by alteration in arterial pCO2 or renal response by alteration in HCO3

− 
elimination [1, 2]. Buffering is a rapid physico-chemical phenomenon carried out 
by various buffers like-intracellular (proteins, phosphates), blood (bicarbonates, 
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haemoglobin, plasma proteins), interstitial fluids (bicarbonates protein), urine 
(phosphate, ammonia) and bone buffer [3]. Extracellular buffers contributes to 43% 
of total buffering (by bicarbonate & protein buffers) and remaining 57% is contrib-
uted by intracellular buffers [4]. Respiratory response to acid base perturbation 
occurs rapidly within minutes to hours by alteration in ventilation. Being able to 
cross cell membranes easily, respiratory response mainatains intracellular pH as 
well as extracellular pH. Renal response is much slower process (several days to 
reach maximum capacity) and involves adjustment of bicarbonate excretion by 
the kidney.

9.2  Respiratory Regulation of Acid Base Disorders

Respiratory regulation involves adjustment of pH due to pCO2 changes from adap-
tation in ventilation. This is an inherently rapid process by virtue of CO2 being lipid 
soluble and crossing cell membrane rapidly [5]. The quantification of respiratory 
variation can be estimated by two equations which provide the connection between 
alveolar ventilation, pCO2 and pH. These are

 First paCO is proportional to[V VCO A, / ]2 2  (9.1)

where:

• paCO2 = Arterial partial pressure of CO2

• VCO2 = Carbon dioxide production by the body
• VA = Alveolar ventilation

Second, Henderson Hasselbach Equation

 pH logHCO= +6 1 3. −  (9.2)

 0 03 2. pCO  

Where:

• HCO3−: in millimoles per litre
• PaCO2: partial pressure of arterial CO2 in mmHg
• pK: Acid dissociation constant
• 0.03 the solubility of CO2 in blood

9.3  Renal Regulation of Acid Base Disorders

Kidneys are responsible for excretion of the fixed acids and this is also a critical role 
even though the amounts involved (70–100 mmols/day). This action is mediated by 
2 processes—Excretion of the fixed acids (1 mmol/kg/day) and Reabsorption of 
filtered bicarbonate at proximal convoluted tubules [5].
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9.4  Technicalities of Blood-Gas Analysis

9.4.1  Site Selection

Common sites for arterial sampling includes radial, brachial, axillary femoral or 
dorsalis pedis artery. There is no evidence that any site is superior to the others. 
However, being more accessible and comfortable for the patients radial artery is 
used most often. Allen’s test or modified Allen’s test can be performed prior to sam-
pling the radial artery to demonstrate collateral flow from the ulnar artery through 
the superficial palmar arch [6, 7].

9.4.2  Transport and Analysis

Analysis of the sample should be done immediately after sampling. In the event of 
any delay, arterial blood sample should be placed on ice. Delayed analysis results in 
increased potassium, phosphates, proteins and LDH. Ongoing metabolism during 
the delay results in reduced bicarbonate, decreased glucose and increased lactate 
[8]. Properly timed sample reduces oxygen consumption by leukocytes or platelets 
(i.e., leukocyte or platelet larceny), which can cause a factitiously low partial pres-
sure of arterial oxygen (PaO2). Delayed analysis result in falsely low PaO2 and high 
PaCO2 (increases at the rate of 3–10 mmHg/hour). [9].

9.4.3  Sources of Errors

Presence of air bubble in an ABG sample can significantly affect PaCO2 and PaO2 
values. PaCO2 and PaO2 values move towards that of room air (PaO2 room air is 
about 150 mm Hg, PaCO2 room air is approximately zero) [10].

Heparin acts as another source of preanalytical error. It can decrease the pH (as 
heparin and extreme anionic charge and near-total dissociation at physiologic pH) 
and dilute the PaCO2, resulting in a falsely low value. N+, K+, Cl−, Ca++, glucose, 
and lactate values also decrease by dilution with liquid heparin.[11] Dead space 
volume of a standard 5 ml syringe with 1 inch 22 guage needle is 0.2 ml, filling the 
syringe dead space with heparin provides sufficient volume to anticoagulate a 4 ml 
blood sample.

Types of syringes also affect the results. O2 diffuses out at higher PaO2 from 
plastic syringes. Glass syringes are less pervious to O2. Though glass syringes may 
be preferred, differences are usually not of clinical significance. pH & pCO2 values 
unaffected by types of syringes.

Solubility of CO2 and O2 is increased in hypothermia [12]. This principle is uti-
lized in temperature based interpretation of blood gases values—pH stat and alpha 
stat. During pH-stat acid-base management, the patient’s pH is maintained at a con-
stant level by managing pH at the patient’s temperature. pH-stat pH management is 
temperature-corrected. Compared to alpha-stat, pH stat (which aims for a pCO2 of 
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40 and pH of 7.40 at the patient’s actual temperature) leads to higher pCO2 (respira-
tory acidosis), and increased cerebral blood flow. While, during alpha-stat acid-base 
management, the ionization state of histidine is maintained by managing a standard-
ized pH (measured at 37C). Alpha-stat pH management is not temperature- 
corrected—as the patient’s temperature falls, the partial pressure of CO2 decreases 
(and solubility increases), thus a hypothermic patient with a pH of 7.40 and a pCO2 
of 40 (measured at 37C) will, in reality, have a lower pCO2 (because partial pressure 
of CO2 is lower), and this will manifest as a relative respiratory alkalosis coupled 
with decreased cerebral blood flow [13, 14].

Clotted sample, haemolysis by inappropriately small needle, haemolysis by 
syringe vacuum and poorly calibrated ABG analyser are another sources of error.

9.5  Various Models of Acid-Base Interpretation

Three common interpretation models for blood gas analysis are

 1. Boston/Physiological approach
 2. Copenhagen/Base excess approach
 3. Stewart/Physicochemical approach

9.5.1  Boston/Physiological Approach

This approach was developed by Schwartz and colleagues at Tufts University in 
Boston. Based on Henderson Hasselbach Equation, the Boston approach adapts car-
bonic acid–bicarbonate buffer system. A primary change in the partial pressure of 
carbon dioxide (pCO2) causes a secondary “adaptive” response in the bicarbonate 
concentration and vice versa and further changes in carbon dioxide or bicarbonate 
reflect additional changes in acid–base status. The six primary acid–base disorders 
has been described—two metabolic disorders (acidosis and alkalosis) and four 
respiratory disorders—acute respiratory acidosis and alkalosis, and chronic respira-
tory acidosis and alkalosis. Patients with known acid-base disturbances evaluated 
and using acid–base maps mathematic relationship between PaCO2 and HCO3− is 
established.[15].

Boston approach is the most frequently used approach for bed side ABG analy-
sis. The details are presented later in the chapter.

Corrected anion gap is used to account for UMAs (unmeasured anions like albu-
min), in presence of which uncorrected anion gap may be normal [16]. It is cal-
culated as

 

Anion gapcorrected for albumin Calculated anion gap

x Nor
( ) =

+ 2 5. mmal albumin g dL Observed albumin g dL/ /−( )  

Anion gap assessment in Boston approach evaluates mixed acid-base disorders 
using delta ratio method. Delta ratio delta identify if the presence of high anion gap 
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metabolic acidosis ‘pure’ or if there is coexistant normal anion gap metabolic aci-
dosis (NAGMA) or metabolic alkalosis [17]. Delta ratio is

Increase in AG or AG-12/Decrease in HCO3
− or 24-HCO3

−

• Interpretation, 0.4—Normal AG metabolic acidosis
• 0.4–1.0—High AG+ Normal AG metabolic acidosis
• 1–2—Pure high AG metabolic acidosis
• >2—High AG metabolic acidosis + Metabolic alkalosis

The advantages of Boston approach is that it is a physiological, simplest, most 
rigorous and most serviceable of all the approaches. Drawbacks include-Assump-
tion that pCO2 & HCO3 are independent, all buffering of metabolic acids are medi-
ated by HCO3

–, buffering by intracellular buffers is ignored and does ot many 
complex acid-base abnormalities like acute acidosis in setting of hypoalbuminemia, 
hyperchloremic acidosis and lactic acidosis [18].

9.5.2  Copenhagen/Base Excess Approach

The Copenhagen method involves the use of standard base excess (SBE) to distin-
guish between respiratory and metabolic influences on acid base balance. SBE, also 
known as the base excess of extracellular fluid (BEECF), is a calculated variable 
from pH, PaCO2 and haematocrit. ABG machine calculates SBE for anaemic blood, 
with a Hb of 50 g/L using algorithms based on Van Slyke equation, to account for 
whole blood buffering [19]. Copenhagen approach uses three steps for acid base disorders-

• First step: To evaluate standard base excess in relation to pH and PCO2

• Second step: To determine secondary response
• Third step: Partition of standard base excess (to consider mixed metabolic acid–

base disorders)

The advantages of base excess approach are—SBE value is readily available 
from most blood gas machines, useful for evaluating acid–base disorders, four cal-
culations of PaCO2 and SBE to evaluate secondary response and easier to remember 
and perform.

9.5.3  Stewart/Physicochemical Approach

This approach was introduced by Peter Stewart in 1978 [20]. It is based on two main 
principles-electroneutrality (Sum of all positively charged ions = sum of all nega-
tively charged ions in aqueous solutions) and Conservation of mass (Total concen-
tration = Dissociated + Undissociated forms). pH or [H+] concentration in the body 
is determined by two variables, independent and dependent. The independent vari-
ables are PaCO2 (controlled by respiratory system), strong ion difference/SID (con-
trolled by kidney) and weak acid/Atot-include serum albumin, phosphate and 
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globulins (controlled by liver and metabolic state). Dependent variables are [H+], 
[OH−], [HCO3−].

Normal value of SID ranges between 38–44  mmol/L. (value less than 38 
mmmol/L is interpreted as SID acidosis and higher than 44 mmol/L is SID alkalo-
sis) [21].

Stewart approach identifies 6 acid base disorders-Respiratory acidosis and alka-
losis, SID acidosis and alkalosis, Increased Atot acidosis and decreased Atot 
alkalosis.

 

SID Na K Mg Ca Cl lactate

SID HCO

a

e

= +[ ]+ +[ ]+ + +[ ]+ + +[ ]( ) [ ]+ [ ]( )
=

− −

3 −−[ ]+ [ ]+ [ ]albumin phosphates  

Where, SIDa is strong ion difference apparenrent and SIDe is strong ion difference 
effective. The difference between SIDa and SIDe is stong ion gap (SIG) and SIG is 
close to zero in normal situations. SIG Quantifies amount of unmeasured anions 
present in the plasma. [20, 21].

Advantages of Stewart approach are quantitative mathematical explanation of 
acid-base disorders, a more scientific approach which apply concepts of physical 
chemistry to traditional acid-base concepts and a logical framework for design of 
resuscitation fluids. Disadvantages are complex, complicated, and difficult to apply 
approach at bedside, substantially different to well-validated classical Boston 
approach, numerous variables creates confusion and no evidence that this approach 
has any influence on mortality.

9.6  What to Correct, How Much to Correct and How 
to Correct?

Being the most commonly used approach, physiological/Boston approach is 
selected here as a primary method for correction of acid base disorders.

9.7  Approach to Patient with Metabolic Derangements

Bedside approach to patient with metabolic acid base disorders involve

• Identification of presence of metabolic acidosis (pH  <  7.30, serum 
[HCO3

−] < 24 mEq/l)/metabolic alkalosis (pH > 7.40, serum [HCO3
−] > 24 mEq/l)

• Respiratory compensation-adequate or inadequate
• Estimation of AG (anion gap) in the presence of metabolic acidosis
• Acknowledge presence of mixed disorders using delta ratio
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9.7.1  Expected Respiratory Compensation to Metabolic 
Acidosis [15]

Rule 1: for Metabolic Acidosis

 
Expected pCO HCO Range2 1 5 8 23= + +( )[ ]. : /−  

9.7.2  Anion Gap

Anion gap (AG) is used for evaluation of metabolic acidosis. The sum of the posi-
tive and negative ion charges in plasma are equal in  vivo: 
[Na+]  +  [K+]  +  [Ca2+]  +  [Mg2+]  +  [H+]  +  unmeasured cat-
ions = [Cl−] + [HCO3−] + [CO3

2−] + [OH−] + albumin+phosphate+sulfate+lactat
e+unmeasured anions (e.g., inorganic anions) [22–24]. Other ions being in extremely 
low concentration, following formulas are used to estimate AG [25]:

AG simple Na Cl HCO mEq L

AG conventional

( ) = + [ ]+ [ ]( ) =
(

([ /− − − −3 12 14

)) = =[ ]+ +[ ] [ ]+ [ ]( ) =
( ) = =[

( /

(

Na K Cl HCO to mEq L

AG modern Na

− − −3 14 18

]]+ +[ ] [ ]+ [ ]+ [ ]( ) =K Cl HCO Lactate to mEq L− − −3 14 18 /  

Corrected anion gap is used to account for UMAs (unmeasured anions like albu-
min), in presence of which uncorrected anion gap may be normal.[16] It is cal-
culated as

 

Anion gapcorrected for albumin Calculated anion gap

x Nor
( ) =

+ 2 5. mmal albumin g dL Observed albumin g dL/ /−( )  

9.8  Causes and Treatment of High Anion Gap 
Metabolic Acidosis

L-Lactic acidosis Correction of underlying disorder, correction of shock, improving 
oxygenation, removing offending drugs, treatment of seizures, 
Hemodialysis may be indicated in resistant cases

Diabetic ketoacidosis Fluids and insulin
Methanol toxicity Oral charcoal, soda bicarbonate, fomepizole
Salicylate toxicity Alkalinization of urine, Haemodialysis
Ethylene glycol Ethanol or fomepizole
Propylene glycol toxicity Stop the drug infusion
Impaired lactate 
clearance in liver failure

Supportive management, NAC

D-Lactic acidosis sodium bicarbonate and antimicrobial agents
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9.9  Nonanion Gap Acidosis

Bicarbonate loss is the primary pathophysiology for nonanion gap acidosis. Cl− is 
raised maintaining the anion gap to normal. Gastrointestinal losses and renal etiol-
ogy are the primary causes of nonanion gap acidosis and urine anion gap (UAG) is 
used to distinguish between them.

 
UAG Urine Na Urine K Urine Cl= +[ ]+ +[ ]( ) [ ]( )− −  

The UAG is normally zero or slightly positive. In the setting of a nonanion gap 
acidosis, the appropriate renal response would be to increase ammonium excretion, 
as NH4Clcausing the UAG to become negative, usually ranging from −20 to 
−50 mEq/L. This is seen in nonrenal causes of.

nonanion gap acidosis, such as severe diarrhea. In renal derangements, like 
chronic kidney disease (CKD) and distal renal tubular acidosis (RTA), the UAG will 
remain positive or become only slightly negative.

Normal anion gap metabolic acidosis

1. Loss of bicarbonate
• Gastrointestinal conditions (diarrhea, ureteral diversions, biliary or pancreatic fistulas)
2.Renal tubular acidosis-Type 1, 2 and 4
3.  Other causes: fluid resuscitation with saline, hyperalimentation (lysine, histidine, or arginine 

hydrochloride), administration of hydrochloride, ammonium chloride, cholestyramine, 
hippuric acid, sulfuric acid

9.10  Metabolic Alkalosis

The diagnosis of metabolic alkalosis is sometimes a clinical one, but it is often 
found incidentally of laboratory work. A higher serum bicarbonate level in associa-
tion with hypokalemia is highly suggestive of metabolic alkalosis.

Rule 2: Respiratory compensation for a Metabolic Alkalosis [15]

 
Expected pCO HCO Range2 0 7 20 23= [ ]+ +( ). : / −  
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9.11  Causes of Metabolic Alkalosis

Urine chloride concentration (UCl-) a useful tool in the diagnosis and management 
of metabolic alkalosis [26].

Chloride Responsive 
(UCl ≤ 25 mEq/L) Chloride Resistant (UC > 25 mEq/L)
Gastrointestinal 
losses-vomiting, 
Nasogastric suction
– Post hypercapnia
– Cystic fibrosis
– Prior loop/thiazide 
diuretics use
– Chloride losing 
diarrhoea-villous 
adenoma, laxative 
abuse
Treatment—
administration of 0.9% 
or 0.45% NaCl, 
potassium repletion

With high B.P
– Primary/secondary hyperaldosteronism, Cushing’s syndrome, 
recent diuretics use, renal artery stenosis, rennin secreting tumor, 
hydroxylase deficiencies, licorice intake
With normal B.P
– Bartter syndrome, Gitelman syndrome
Other causes
– Alkali intake or administration Milk alkali syndrome
– Severe potassium depletion
Treatment—Treat the underlying cause, potassium repletion, 
Acetazolamide (metabolic alkalosis associated with volume overload 
complicated by the need for continued attempts at diuresis), 
intermittent hemodialysis with the bicarbonate bath decreased to the 
lowest allowable value or a continuous hemofiltration modality using 
primarily a nonbicarbonate, noncitrate replacement fluid.

9.12  Approach to Respiratory Acid–Base Disorders [27, 28]

Bedside approach to patient with respiratory acid base disorders involve

 – Identification of presence of respiratory acidosis (pH < 7.30, PaCO2 > 45 mm 
Hg)/respiratory alkalosis (pH > 7.40, PaCO2 < 45 mm Hg)

 – Metabolic compensation-adequate or inadequate
 – Determine if mixed acid base disorder is present
 – Treat the underlying causes

9.13  Expected Metabolic Compensation to Respiratory 
Derangements [15]

Rule 3: Acute Respiratory Acidosis

 
Expected HCO Actual pCO3 224 40 10[ ] = + ( ){ }− /  

Rule 4: Chronic Respiratory Acidosis

 
Expected HCO Actual pCO3 24 4 2 40 10[ ] = + ( ){ }− /  
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Rule 5: Acute Respiratory Alkalosis

 
Expected HCO Actual pCO3 24 2 40 2 10[ ] = ( ){ }− − /  

Rule 6: Chronic Respiratory Alkalosis

 
Expected HCO { Actual pCO ) range3 24 5 40 2 10 2[ ] = ( ) +( )− − −/ } : /  

The 0.008 rule: The pH change in response to an acute respiratory acid-base 
disturbance

 
pH PaCO x= ( )( )7 40 40 0 0082. . )− −  

The 0.003 rule: The pH change in response to a chronic respiratory acid-base 
disturbance

 
pH PaCO x= ( )( )7 40 40 0 0032. . )− −  

9.14  Causes of Respiratory Derangements

Respiratory acidosis Respiratory alkalosis
Decreased alveolar ventilation
– Central respiratory depression e.g. by drugs 
or post-ictally
– Neuromuscular disorders resulting in 
weakness
– Lung or chest wall defects resulting in 
restriction
– Airway obstruction, e.g. after a seizure
– Inadequate mechanical ventilation

Respiratory control centre
– Head injury, stroke
– Anxiety, fear, stress, pain
– Salicylates
– Pregnancy
– Chronic liver disease
– Hypoxia

Increased inspired fraction of CO2

– Rebreathing of CO2-containing expired gas
– Addition of CO2 to inspired gas
– Insufflation of CO2 into body cavity (eg for 
laparoscopic surgery)

Pulmonary receptors
– Pulmonary embolism
– Pneumonia
– Asthma
– Pulmonary oedema

Increased metabolic CO2 production
– Malignant hyperthermia
– Thyrotoxicosis
– Phaeochromocytoma
– Sepsis
– Liver failure
Treatment
– Addressing the underlying etiology 
(bronchodilators for patients with asthma and 
chronic obstructive pulmonary disease, 
reversal of medication/drug effects, treatment 
of pulmonary edema, treatment of 
neuromuscular diseases, and mechanical 
ventilation

Treatment
– Addressing the underlying etiology 
(Decreasing minute ventilation in 
mechanically ventilated patients, reassurance 
and anxiolytics for psychogenic 
hyperventilation, acetazolamide to induce a 
metabolic acidosis to compensate for the 
respiratory alkalosis caused by high altitudes)
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10Oxygen Therapy in Cancer Patients

Uma R. Hariharan, Shweta Bhopale, Kiran Mahendru, 
and Rakesh Garg

10.1  Introduction

Oxygen is the breath of life. Oncology patients may need oxygen therapy at various 
stages of their treatment. Oxygen therapy is a medical management strategy of sup-
plementing oxygen at higher concentrations in patients showing features suggestive 
of hypoxemia or hypoxia [1]. Oxygen needs to be used with great caution as a medi-
cation in indicated situations. Unscrupulous use of Oxygen in cancer patients may 
be deleterious rather than being useful. This chapter focuses on the various aspects 
of oxygen therapy in oncology patients, their indications, types of oxygen delivery 
devices, monitoring, side-effects, and their role in palliative care. The usefulness of 
hyperbaric oxygen therapy is also discussed in this chapter.

10.2  Oxygen Cascade

It describes the sequential transfer of oxygen from the atmosphere to the cellular 
organelles (mitochondria). It is a cascade because in each step there is a fall in PaO2 
(partial pressure of oxygen). It determines the oxygen delivery to tissues down the 
pressure gradients (step-wise decrease in oxygen partial pressures). Oxygen cas-
cade is important to understand the nuances of oxygen therapy. Tissues have no 
storage mechanism for this vital substance and hence, depend on the continuous 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_10&domain=pdf
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supply of oxygen in tandem with the metabolic demands. The following are the 
major steps in the oxygen cascade [2]:

 a. Oxygen uptake from the atmosphere by the lungs
 b. Oxygen carrying capacity of the blood
 c. Global delivery from lungs to tissue
 d. Regional distribution of oxygen
 e. Diffusion from capillary to cell
 f. Cellular use of oxygen

The alveolar-arterial oxygen gradient is indicative of the oxygen absorption and 
its delivery [3]. Normal PAO2–PaO2 (A-a) gradient or the alveolar to arterial oxygen 
difference is 1 KPa. The alveolar (A) to arterial (a) oxygen gradient is indicative of 
alveolo-capillary membrane functionality for adequate gas exchange. This can 
increase tremendously in respiratory failure patients, which can be encountered in 
some cancer patients, especially in terminal stages of metastatic disease. The gradi-
ent is normal in cases of alveolar hypoventilation. Alveolar hypoventilation [4] as a 
cause of hypoxia is reflected by a fall in alveolar and arterial PO2 with increasing 
PaCO2. Alveolo-capillary unit pathology widens this gradient, eg hypoxemia due to 
V/Q mismatch, diffusion limitation, and shunt. The three main causes [5] of arterial 
hypoxemia requiring oxygen therapy include alveolar hypoventilation; diffusion 
abnormalities and ventilation-perfusion mismatch. The major causes of alveolar 
hypoventilation in cancer patients include phrenic nerve invasion, opioid overdose, 
invasive chest wall tumors, or peri-operative anesthetic complications. The common 
causes of diffusion impairment in cancer include malignant pleural effusion, pleural 
thickening or fibrosis, invasive mesotheliomas, and pulmonary metastases. Causes 
of hypoxemia due to ventilation-perfusion (V/Q) mismatch [6] include asthma, 
COPD (smoking), bronchiectasis, interstitial lung disease (chemotherapy or 
radiotherapy- induced), and pulmonary hypertension (drug-induced). Patients with 
hypoxemia due to shunt respond poorly to supplemental oxygen and its major 
causes in cancer patients include secondary pneumonia, severe anemia (bone mar-
row suppression, large vascular tumors, or operative massive blood loss), pulmo-
nary edema, and development of ARDS (acute respiratory distress syndrome) 
during cancer treatment.

10.3  Principles of Oxygen Therapy

The 21% of oxygen in atmospheric air is sufficient for normal human respiration. In 
cancer patients with various systemic diseases like COPD exacerbation, febrile neu-
tropenias, thrombo-embolic states, metastatic disease, and chemo-or-radio-therapy-
induced complications, supplemental oxygen is required to improve oxygen content 
and delivery to tissues. The major carrier of oxygen in the blood is hemoglobin and 
measured using a pulse oximeter [7]. The minor proportion is in soluble form and 
assessed via measurement of PaO2 (normal values in healthy adults 80–100 mmHg). 

U. R. Hariharan et al.



99

This dissolved oxygen can be improved by supplemental oxygen, which can also 
reduce the work of breathing. Oxygen therapy is indicated for hypoxia and hypox-
emia. Supplied oxygen without added moisture can be used as low-flow via nasal 
cannula or a mask, with the advantage of reduced bacterial contamination. They 
may lead to drying out of upper airway mucosa and thickening of secretions. A 
humidified oxygen can be used for high-flow oxygen (>4 L/min) with greater patient 
comfort as well as a greater risk of bacterial contamination [8].

10.4  Indications of Oxygen Therapy in Cancer Patients

The indications of oxygen therapy in cancer patients are numerous, the most impor-
tant being hypoxemia [9]. It can be administered in institutional or domiciliary set-
tings [10]. Indications of oxygen therapy in cancer patients can be divided into the 
following four categories (Table 10.1):

 A. Acute indications: Medical emergencies

Cancer patients may require oxygen in acute conditions like shock, sepsis, ana-
phylaxis, transfusion reactions, major trauma, acute heart failure, pulmonary embo-
lism, myocardial infarction, asthma exacerbation, acute respiratory failure, etc. 
Generally, these are given in ICUs or HDUs, with or without ventilatory support and 
monitoring.

 B. Chronic indications: Chronic medical conditions

Cancer patients with severe COPD, pulmonary metastasis, restrictive lung dis-
ease, lung cancer, malignant pleural effusions, cancer cachexia, etc., may require 
oxygen therapy on a daily or frequent basis. It can be in the domiciliary or institu-
tional settings.

 C. Perioperative indications: Surgical and anesthetic course

Cancer patients requiring surgical procedures (diagnostic and therapeutic) 
require oxygen therapy during the perioperative period.

Serial No.

Indication of 
oxygen in 
oncology Examples

1. Acute Medical emergencies like sepsis
2. Chronic Long-term conditions like COPD
3. Peri-operative Diagnostic & Therapeutic 

procedures under anesthesia
4. Palliative End-stage cancer for comfort

Table 10.1 Need  
of oxygen therapy  
in cancer patients
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 D. Palliative indications: End-stage cancer

Terminally ill cancer patients may require oxygen as part of palliative therapy to 
provide comfort to the patient and relieve dyspnea.

10.5  Types of Oxygen Delivery Devices

The type of oxygen delivery device decides the oxygen concentration delivered 
[11]. (Table 10.2). The various oxygen delivery devices include low-flow or high 
flow systems, with or without humidity, and with or without a reservoir bag. Oxygen 
therapy equipment consists of the oxygen-delivery system (consisting of an oxygen 
source, regulator, delivery device) and oxygen cylinders (made of aluminum filled 
with pressurized oxygen). There are several types of oxygen cylinders [12], the 
common ones being D type (425 L), Jumbo D type (640 L), and E type (680 L).

Oxygen delivery devices can be grouped into the following:

 1. Nasal cannula: It provides supplemental oxygen to breathing patients at the low 
inspired concentration (Flow rate of 1–6 L/min with FiO2 25–45%) (Fig. 10.1).

 2. Simple face masks: Used at 5–8 L/min flow and delivering oxygen concentration 
28–50%. (Fig. 10.2)

 3. Non-rebreather mask (reservoir mask): Deliver high concentrations of supple-
mental oxygen (Flow rate of 10–16 L/min with FiO2 80–90%), useful in acute 
situations (Figs. 10.3 and 10.4).

 4. Blow-by delivery: Especially useful for children who will not tolerate traditional 
face masks on the face.

 5. Venturi mask or air-entrainment masks: It delivers a pre-determined oxygen con-
centration (color-coded mask ports with FiO2 ranging from 24 to 60% over a 

Table 10.2 Various types of oxygen delivery devices

Sr 
no.

Type of oxygen 
delivery device Example FiO2/flow rate

1. Variable 
Performance 
(Low-Flow)

Nasal cannula/prongs; Simple mask; Mask 
with reservoir; Partial Rebreathing & 
Non-rebreathing mask

21–100%/1–15 L/
min

2. Fixed 
Performance 
(High-flow)

Air-entraining Venturi mask 24–60%/4–12 L/min

3. High flow 
systems

High-flow nasal cannula/High flow nasal 
prongs/ High flow nasal oxygen therapy 
(washes out 2 and creates positive 
nasopharyngeal pressure, used in hypoxemic 
respiratory failure)

Heated & 
Humidified 2 at 
21–100% FiO2 @ 
upto 60 litres/min.

4. Other methods Non-invasive positive pressure devices (deliver 
positive pressure either with the tight-fitting 
mask or a helmet and provides CPAP)

40–100% FiO2 either 
by the ventilator or 
stand-alone device

U. R. Hariharan et al.
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Fig. 10.1 Nasal Cannula

Fig. 10.2 Simple 
face mask

Figs. 10.3 and 10.4 Non-rebreather mask
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flow rate range of 2–15 L/Min) (Fig. 10.5). It is particularly useful in COPD 
patients.

 6. Demand oxygen delivery systems (DODS): It delivers oxygen as triggered by 
patient inhalation or with patient-controlled use of push-button. It conserves 
oxygen as compared to other steady-flow devices. They are useful in performing 
resuscitation as rescue breaths (100% O2) can be delivered with the press of 
a button.

Fig. 10.5 Venturi Mask
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 7. Humidified High flow nasal oxygen cannula: Provides 100% FiO2 at flow rates 
of 60 L/min.

 8. Tracheal delivery systems:

 a. Tracheostomy masks—Delivers FiO2 of 30–80% at a flow rate of 8–10 L/min via 
a small plastic dome that fits over tracheostomy site;

 b. T-piece: It is a T-shaped tubing device that can be connected to an oxygen source, 
delivering FiO2 of 30–80% at flow rates of 8–10 L/min (Fig. 10.6);

 c. Trans-tracheal oxygen therapy  – Hollow transtracheal catheter for long-term 
domiciliary oxygen therapy at flow rates of 0.5–4 L/min with FiO2 40%.

10.6  Dosage and Monitoring of Patients on Oxygen

Monitoring during oxygen therapy includes arterial blood gas analyses, oxygen 
saturation charting, respiratory rate, end-tidal carbon dioxide monitoring, and clini-
cal assessment of the patient for consciousness level, comfort, and dryness of upper 
airway mucosa [13]. Hemodynamic parameters and hematocrit can also be moni-
tored. Pressure in the oxygen cylinders should not fall below 200 psi (pressure in a 
full oxygen cylinder is 2000 psi). The BTS (British Thoracic Society) guideline [14] 
recommends titrated supplementation of oxygen with a target of 94–98% for most 
acute ill patients or 88–92% for those at risk of hypercapnic respiratory failure. If 
there are no contraindications, conscious hypoxemic patients must be nursed in the 
upright position to improve oxygenation. Humidified oxygen remains the accept-
able mode [15, 16].

Nebu

T-piece

T-piece

Fig. 10.6 T-piece
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10.7  Oxygen Targets for Oncology Patients in ICU

Oxygen desaturation can be alarming and is generally regarded as deleterious in criti-
cally ill patients. However, some studies have demonstrated increased mortality in 
patients with liberal oxygen strategy [17]. The optimum range of SpO2 in them was 
94–98%. A new, dimensionless variable, known as “oxygen reserve index (ORI)”, is a 
continuous, non-invasive index, using multi-wavelength pulse co- oximetry [18]. The 
benefits of using oxygen must outweigh the disadvantages of cancer [19–22].

10.8  Side Effects

The possible disadvantages of supplemental oxygen therapy are related to decreases 
ambulation and its related concern, and discomfort associated with oxygen delivery 
devices [23]. Hazards associated with oxygen storage and delivery devices can be 
dangerous. Oxygen under high pressure (2000 psi) in full tanks, if punctured or 
breaking off of valve, can result in deadly projectiles or explosion. Hazards of oxy-
gen therapy like atelectasis, oxygen-related free radicles formation, etc. should be 
noted while its use [24]. Since oxygen is a supporter of combustion, extreme care 
should be taken to avoid critical injuries or explosive accidents. Smoking should be 
avoided while using oxygen and in home-care settings, oxygen devices should be 
kept far away (more than 5 feet) from the kitchen, heaters, and flammable liquids. 
Administration of oxygen to COPD patients will suppress their hypoxic ventilatory 
drive, resulting in hypercapnia and sometimes, respiratory acidosis. Pulmonary 
fibrosis can occur due to potentiation of oxygen toxicity in cancer patients who have 
taken chemotherapy with bleomycin or in cardiac patients on amiodarone. Hyperoxia 
is a continuing risk in these patients, requiring controlled and titrated oxygen usage.

10.9  High-Frequency Nasal Oxygen Therapy 
in Cancer Patients

The recent usefulness of high-flow, warmed and humidified nasal oxygen has been 
reported in critically ill patients with reversible causes while the drugs and strate-
gies are being administered for optimization [25]. Humidified, high-flow nasal oxy-
gen has shown improved oxygenation and lower respiratory rate. A study by Kamei 
et  al. [26] showed that HFNC may improve dyspnea in DNI (Do Not Intubate) 
patients with advanced cancer and sometimes improve quality of life (QOL).

10.10  Conventional Vs Conservative Oxygen Therapy 
in Oncology ICU

The conventional approach oxygen therapy has its own limitation and an conser-
vative approach of oxygen supplementation has been found to be useful in criti-
cally care settings. This is especially true in cases of advanced or terminal cancer 
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patients [27]. The oxygen therapy requires close collaboration between oncolo-
gists, intensivists, palliative care physicians, nutritionists, nursing staff, and 
physiotherapists.

10.11  Role of Hyperbaric Oxygen Therapy in Cancer Patients

Hyperbaric oxygen (HBO) therapy has also been indicated in the selected group of 
cancer patients who are critically ill [28–33]. HBO induces an anti-angiogenic 
effect, and overcomes chemotherapeutic resistance. There are two different clinical 
applications for use of HBO in combination with radiotherapy: (a) Therapeutic: to 
treat late radiation injury, and (b) Radiosensitizer: to increase the effect of radio-
therapy. Hyperbaric oxygen can particularly be helpful in the healing of radiation- 
induced colitis.

10.12  Oxygen Therapy in Palliative Care Cancer Patients

Palliative care is an essential part of cancer therapy at any stage of their treatment. 
Oxygen therapy may be required in their course of management, not only for tiding 
over crises but also in end-of-life care. The typical indications for oxygen include 
hypoxia and dyspnea. In end-stage cancer patients, especially in lung cancer, the 
prime aim is to abolish dyspnoea and improve patient comfort [34]. Oxygen is nei-
ther the only management option nor is it the most efficacious treatment for reliev-
ing dyspnea [35–37].

10.13  Conclusions

Oxygen must be used cautiously in oncology patients and must be considered a 
medication with its side effects. The main indications are hypoxemia, dyspnea, 
acute conditions, and peri-operative situations. Adjuvant therapies like the use of 
appropriate antibiotics, nasal drops, inhalers, nebulization, chest physiotherapy, and 
deep breathing exercises should be advised concurrently to treat such patients. 
Treatment of the underlying cause should be done in case of reversible conditions 
like infections. In refractory cases with a terminal illness, prognostication with sup-
portive care ensuring patient comfort should be attempted.

10.14  Future Prospects

Future research must focus on the development of oxygen conservation technol-
ogy, miniaturization of storage and delivery devices, better portable systems with 
humidification, and methods to minimize hazards. The role of hyperbaric oxygen 
in cancer patients needs further studies in specific cancers with a way to avoid 
oxygen toxicity. The awareness regarding role of palliative care in advanced and 
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terminally-ill cancer patients must be spread further and alternatives to oxygen 
must be searched in such patients to improve quality of life and provide comfort to 
these patients.
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11.1  Introduction

Respiratory support in cancer patients can be very challenging and tricky. Irrespective 
of underlying acute pulmonary pathology, it depends on many other factors such as 
severity of underlying malignancy, ongoing treatment and/or further treatment plan, 
any treatment related cardiorespiratory dysfunction and its reversibility, current 
immune status and anticipated duration of immuno-suppressive state (if any), intent 
of therapy and anticipated life expectancy, wish of the patient and the family mem-
bers and financial burden related to advance organ support. Invasive respiratory 
support like mechanical ventilation needs to be used judiciously, especially in the 
background of advanced pulmonary malignancy, metastatic disease, severe immuno- 
compromised state and palliative intent of therapy. If the patients do not have 
enough reversible factors, they may be dependent on invasive respiratory support 
for prolonged duration without significant improvement in final outcome. On the 
contrary, not offering mechanical ventilation just because of underlying malignancy 
is also not a right clinical decision. So clear understanding of the cause of respira-
tory failure and current status of malignancy along with vision about long term 
outcome and expectation of the family members will guide us to take correct deci-
sion in terms of respiratory support.

a. Respiratory support strategies:
In past, respiratory failure in cancer patients used to have poor outcome. Presently 

because of advancement of cancer therapy, the anticipated life span of patients has 
been prolonged. Up to 20% admission of mixed medical-surgical ICU have under-
lying malignancy [1]. Respiratory failure is the most common cause of ICU admis-
sion along with major cause of death in this sub-group of patients [2]. Respiratory 
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failure can be related to malignancy (cancer related or chemo-radiotherapy related) 
or unrelated to it (decompensation of co-morbidities, pulmonary infection or other 
infection). It can be classified as acute, sub-acute and chronic (depending on onset 
of the disease) or type 1 to type 4 (pathophysiological classification). Type of respi-
ratory support is decided based on pathophysiological changes in pulmonary sys-
tem. Detailed clinical and radiological assessment will guide to identify the level 
and extent of pathology to airway (upper and lower), alveoli, interstitium, pulmo-
nary circulation; or extra-pulmonary causes like pleural space, thoracic wall, dia-
phragm and accessory muscles; or systemic causes like cardiovascular, renal or 
central nervous system.

b. Non-invasive ventilation (NIV):
Historically, mechanical ventilation in cancer patients specially with haemato-

logical malignancy and post bone marrow transplant, had very poor outcome with 
high mortality rate. As invasive ventilation bypasses the upper airway immune pro-
tection, chance of micro-aspiration along the cuff of endotracheal tube (ETT) lead-
ing to ventilator associated pneumonia (VAP) is very high. Studies have shown that 
prevalence of silent aspiration of gastric contents in mechanically ventilated patients, 
confirmed by pepsin measurement in bronchoalveolar lavage (BAL), can be as high 
as 89% [3]. Additionally, there can be bleeding or bacterial transmigration through 
the eroded mucosa by ETT cuff. Recently significant improvement has been 
achieved in the outcome of cancer patients requiring mechanical ventilation, even 
for the patients with haematological malignancy. Therefore, avoiding invasive ven-
tilation is not a current norm in cancer patients.

European Respiratory Society/American Thoracic Society (ERS/ATS) clinical 
practice guideline for use of NIV in acute respiratory failure has recommended NIV 
in indications like acute exacerbation of COPD with respiratory acidosis, cardio-
genic pulmonary oedema, immunocompromised patients, palliative care patients, 
post-operative respiratory failure, chest trauma and prophylactic usage for weaning 
from mechanical ventilation [4]. But data for hypoxaemic respiratory failure due to 
pulmonary pathology is not available to make any recommendation, especially for 
de novo lung pathology. In most of the immunocompromised patient, the sub-group 
comprising of haematological malignancy and post bone marrow or solid organ 
transplant patients, NIV has been compared with supplemental oxygen [5–7]. 
Results are little heterogenous in terms of need for mechanical ventilation and mor-
tality; even then it is difficult to extrapolate the positive outcomes in other sub- 
group of cancer patients.

Empirical NIV usage for all cancer patients admitted in ICU with acute respira-
tory failure may lead to high failure rate. Multifocal pulmonary infection/Acute 
respiratory Distress Syndrome (ARDS), progressive disease, newly diagnosed lung 
cancer, associated other organ failure, high disease severity score, male sex, pro-
longed NIV, high respiratory rate, NIV as first line therapy for respiratory failure 
and septic shock/concomitant use of vasoactive agents are main negative predictive 
risk factors [8, 9]. Hypoxaemic respiratory failure de novo is not immediately 
reversible and need prolonged respiratory support to reduce the work of breathing. 
High metabolic demand in sepsis leads to high inspiratory flow requirement. 
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Combination of large intra-pleural pressure swing because of spontaneous breath-
ing effort with high inspiratory pressure in NIV lead to high and variable trans-
pulmonary pressure and tidal volume, which may worsen early lung injury—self 
inflicting lung injury (SILI). High inspiratory pressure in NIV may lead to poor 
toleration, leak, gastric distension and aspiration [10, 11].

High Flow Nasal Cannula (HFNC)—HFNC can be an interesting modality for 
acute respiratory failure in cancer patients—specially with type 1 failure. It is a 
simple machine capable of delivering warm (37 °C) and humidified oxygen up to a 
flow rate of 60 l/min. It consists of oxygen compressor, specialised flowmeter capa-
ble of 60 l/min flow, humidifier, corrugated heated tube and nasal cannula at patient 
end. Along with delivery of high FiO2, it also decreases dead space, develops certain 
amount of positive end-expiratory pressure (PEEP) (2–7 cm H2O depending on flow 
rate and whether mouth is open or close) and improves patient’s compliance. It has 
been used with good effect in cancer patients under palliative care [11]. But role of 
HFNC in cancer patients with acute respiratory failure need further evaluation.

In last decade, HFNC has been used extensively in hypoxaemic respiratory fail-
ure in general population. Frat et al. [12] in FLORALI trial, have compared HFNC 
with supplemental oxygen and NIV in ARDS patients. Even though the intubation 
rate is same, 90-days mortality was less with HFNC compared to the others. But 
study on immunocompromised patients [13] has shown that HFNC decreases intu-
bation rate but does not affect mortality. So, if used judiciously, HFNC is non infe-
rior to supplemental oxygen and NIV as per current literature.

The usage of NIV for acute respiratory failure has increased significantly over 
last 2 decades [14]. Even though the evidence is lacking, the use of NIV is signifi-
cantly more for hypoxaemic respiratory failure (non-COPD) than patients with 
hypercarbic respiratory failure (COPD). Non—COPD patients have higher chance 
of NIV failure requiring invasive ventilation. Patients with failed NIV trial usually 
have poor outcome [15, 16], which may be due to delayed intubation/failure to pick 
up right time for invasive ventilation leading to progressive pulmonary damage due 
to volutrauma and barotrauma followed by emergency intubation because of rapid 
deterioration. So, patients having risk factors for NIV failure need more intense 
monitoring of their respiratory parameters.

There are different predictive scoring systems for anticipating NIV failure. 
Commonly used score is HACOR score [17]. HACOR score is an objective scoring 
system that comprises of heart rate, acidosis, consciousness, oxygenation, and 
respiratory rate. Maximum score is 25. Score more than 5 at 1 h of NIV trial predicts 
high chance of NIV failure (87%) and also mortality (65%), specifically if intuba-
tion is delayed more than 12 h. So, use of NIV should be conducted with strict 
monitoring of the objective criteria for identification of NIV failure to avoid undue 
delay in intervention such as invasive ventilation.

c. Invasive ventilation- Conventional & Non-conventional modes of ventilation 
(Biphasic- Bilevel, APRV, high frequency ventilation)

Proper selection of patients and improved critical care management have resulted 
into improved outcome of cancer patients requiring invasive ventilation. There are 
two challenges related to this—difficult airway & ventilatory strategies.

11 Mechanical Ventilation in Critically Ill Cancer Patient



112

Airway: Airway management always requires special mention in critical care. 
Along with anatomical challenges, there are physiological compromises those make 
patient vulnerable to develop acute complications during intubation. Cancer patients 
can have anticipated difficult airway because of head neck tumour, acute or impend-
ing upper airway obstruction, anatomical distortion following surgery or radiother-
apy around the airway. In addition to conventional assessment, objective scoring 
system like MACOCHA score [18] can be very helpful to assess difficult airway. It 
takes into consideration underlying pathology (coma, severe hypoxia) and the skill 
of the operator. With a cut off value of 3, it has a good sensitivity (76%) and negative 
predictive value (97%). Intubation difficulty scale (IDS) is a combination of objec-
tive and subjective scoring system to measure difficulty of intubation both qualita-
tively and quantitatively [19].

The complication data related to predictive score can be correlated clinically. 
Studies have shown that airway management related complication rate varies with 
different clinical setting. While intubation failure is a rarity in planned surgical pro-
cedures (1 in 2000); in emergency and ICU set up, it can be as high as 1 in 50 pro-
cedures [20]. Among standard anatomical airway assessments, few findings are 
common in head neck cancer patients like restricted mouth opening, restricted neck 
mobility, stiffened submental soft tissue, decreased space within oral cavity and 
overall distorted normal anatomy, especially after surgery or radiotherapy. 
Physiological challenges that make intubation difficult in this sub-group are hypox-
aemia, hypotension and right heart dysfunction [21].

Ventilation: Among the cancer patients who require ICU admission, almost 
50–70% need mechanical ventilation. About half of them need ventilatory support 
on admission and rest require ventilatory support during their ICU stay because of 
clinical deterioration. Incidence of invasive ventilation is higher in surgical patients 
compared to medical one, mostly because of less use of NIV in surgical patients; but 
the overall mortality is comparable (approximately 20%). Ventilatory management 
of respiratory failure including ARDS in cancer patients are same like any other 
non-cancer patients. More than 95% mechanically ventilated patients are managed 
with conventional mode on ventilator. Non-conventional modes like biphasic posi-
tive airway pressure (BiPAP) ventilation, airway pressure release ventilation 
(APRV), pressure regulated volume control (PRVC), neurally adjusted ventilatory 
assist (NAVA), proportional assist ventilation (PAV), high frequency oscillatory 
ventilation (HFOV) are used in a small proportion of cases, especially as rescue 
therapy in patients with ARDS [22]. Experience of using these non-conventional 
ventilatory modes in cancer patients is very limited.

Currently ‘Low tidal volume ventilation’ is the standard of care for all ICU ven-
tilated patients with tidal volume 6 ml/kg (range 4–8 ml/kg) of ideal body weight. 
The original ARMA trial comparing tidal volume 6 vs. 12 ml/kg did not include 
bone marrow transplant patients or cancer patients with high 6-month mortality 
[23]. Seong et al. had shown that low tidal volume ventilation is associated with 
lower mortality (OR 0.37) in ARDS in haematological malignancy [24]. Though 
volume control mode or pressure control mode did not show any difference in out-
come, most of the critical care unit is using volume control mode for its ease of use. 
Respiratory rate is to be adjusted to achieve targeted minute ventilation. In non 
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paralysed patient, the set rate should be less than patient’s triggered rate by 3–5, so 
that patient can continue to trigger and there is minimum chance of hyperventila-
tion. FiO2 should be titrated to achieve SpO2 92–94%; even lower SpO2 target of 
88–90% is acceptable for patients with chronic obstructive pulmonary disease or 
ARDS. Setting up of optimal PEEP is challenging in ARDS patients. Routinely, 
PPEP usually set at 6–8 cm H2O pressure. In ARDS, optimal titration of PEEP is 
needed to maintain ‘Open lung ventilation’ (OLV) strategy—i.e. open the collapsed 
alveoli with recruitment and keep them open by optimal PEEP. At one hand, subop-
timal PEEP will fail to open up basal collapsed alveoli leading to hypoxaemia and 
atelectotrauma; on the other hand, disproportionately high PEEP will lead to hyper-
inflation of lung, barotrauma, hypoventilation, right ventricular dysfunction and 
haemodynamic instability. So, optimisation of PEEP is of paramount importance. 
There are different techniques that can be used for the same such as (1) by PEEP—
FiO2 contingency table, (2) pressure volume loop, (3) low inflation points, (4) point 
of maximum curvature or (5) trans-pulmonary pressure etc.

PRCC (Pressure regulated volume control) mode is a hybrid mode currently 
available in multiple brands of ventilator with different name (e.g. Autoflow in 
Dragger). It is a pressure regulated and has a decelerating flow pattern; patient ven-
tilator dyssynchrony is apparently less as patient can decide his/ her own flow 
requirement. Besides, it ensures delivery of targeted tidal volume. It has been com-
pared with volume control or synchronised intermittent mandatory ventilation 
(SIMV) mode in small trials in patients with ARDS, COPD and traumatic brain 
injury (TBI). PRVC has consistently shown to decrease peak inspiratory pressure 
with some improvement in oxygenation [25].

BiPAP & APRV are spectrum of biphasic ventilation. These are closed loop, 
partial support, time cycled, pressure-controlled mode with two pressure settings at 
two different level (P high & P low). The difference is in inspiratory to expiratory 
(I: E) ratio—T high & T low. BiPAP has normal I:E ratio, but APRV has reverse I:E 
ratio leading to generation of an auto-PEEP leading to some recruitment. These 
modes have some benefits. In experimental animal model, these have shown to 
reduce markers of inflammation, apoptosis, fibrinogenesis and epithelial/ endothe-
lial damage compared to conventional modes. APRV reduces endothelial permea-
bility and preserved surfactant proteins A and B concentrations. Other potential 
benefits are decreased intra-thoracic pressure, improved venous return, increased 
cardiac output and higher oxygen delivery. Biphasic modes have been compared 
with conventional modes and also with HFOV (specially in children) without any 
significant improvement in outcome [26].

Among high frequency ventilations (HFV), high frequency oscillatory ventila-
tion (HFOV) was most widely used, which uses the respiratory frequency is >2 
Hertz and provides low tidal volume less than the dead space. The proposed mecha-
nisms for gas exchange are convective ventilation, Taylor dispersion, the Pendelluft 
effect, cardiogenic mixing, molecular diffusion and asymmetrical velocity profiles. 
Because of two large randomised control trials—OSCAR and OSCILLATE trial, 
use of HFOV has significantly decreased in ICU.

Like other ARDS patients, recommendation for prone ventilation is same for 
oncology patients; i.e., moderate to severe ARDS with PaO2/FiO2 ratio <150. 
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PROSEVA trial has shown 28- and 90-day mortality benefit with prolonged proning 
(>16 h a day) in severe ARDS patients [27].

d. ECMO: Cancer is not an absolute contraindication of extra corporeal life sup-
port. In patients with ‘full code’ management i.e., for patients with cancer in remis-
sion or under curative intent of therapy, ECMO can be considered for reversible 
cardiorespiratory failure like pneumonia, ARDS, pulmonary embolism, diffuse 
alveolar haemorrhage etc. Literatures for ECMO in cancer patients are very limited. 
ESLO registry [28] over 17 years period (1992–2008) had shown only 72 cases with 
65% solid tumour and rest haematological malignancy and bone marrow transplant, 
with equal proportion of veno-venous and vino-arterial ECMO. Mortality is very 
high with haematological malignancy. In another multi-center trial (IDEA study) 
[29], out of 225 immuno-compromised patients 30% suffered from haematological 
malignancy and 19% are having solid tumour. Malignancy is associated with worse 
outcome compare to any immune-suppressed state. Elderly, prolonged mechanical 
ventilation, hypercapnia, and higher driving pressure prior to ECMO are associated 
with poor prognosis. Six-month mortality is around 80%. So appropriate selection 
of cases is of paramount importance.

11.2  Conclusion

Outcome of cancer patients is improving over time. With better chemotherapeutic 
agents and recent usage of immunotherapy, lots of cancer patients are coming to 
ICU with “full code”. Acute deterioration because of reversible factors like infec-
tion should be treated with aggressive medical management including organ sup-
ports. Invasive ventilation should be offered, when indicated, as per clinical status 
of the patient.

Key Points 

• Respiratory failure is the most common cause of ICU admission and major cause 
of death in cancer patients

• It can be related to malignancy per se and related therapy or absolutely unre-
lated to it.

• Besides underlying respiratory pathology, respiratory support may be needed 
depending on status of underlying malignancy, its treatment plan and anticipated 
outcome.

• Noninvasive ventilation or HFNC can be a good therapeutic option specially for 
haematological malignancy or post bone marrow transplant patients

• When indicated, invasive ventilation should not be delayed or denied as it can 
cause poor outcome

• Invasive ventilatory strategy in cancer patients is same like non cancer patients 
and no conventional or unconventional mode has shown any superiority 
over others.

• Role of extra corporeal support like ECMO in cancer patients need further 
research.
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12.1  Introduction

Cancer incidence and mortality is on the rise across the globe. The 2011 political 
declaration on prevention and control of non-communicable diseases aims to reduce 
the mortality due to non-communicable diseases by 25% till year 2025 [1]. Global 
Burden of Disease Cancer Collaboration has estimated that there were 24.5 million 
new cancer cases in the year 2017 [2]. In the same year, there were 9.6 million 
deaths and 233.5 Disability Adjusted Life Years (DALY) lost due to cancer [2]. In 
India also, deaths due to cancer have doubled from 1990 to 2016 [3]. It is estimated 
that there were 1.15 million new cancer cases in India in 2018 and this figure is 
likely to double by the year 2040 [3].

Over last few decades, the advances in management of cancer have resulted in a 
substantial increase in number of patients living with cancer. This has increased the 
number of patients with cancer requiring admission in intensive care unit (ICU). 
ICU admission contributes to a significant proportion of health care costs. In a study 
conducted at University of Texas, Anderson Cancer Centre, authors investigated the 
use of ICU care and outcomes among patients admitted to a comprehensive oncol-
ogy care centre between 1st January 1994 and 31 Dec 2013 [4]. There were over 
380,000 patient admissions during the study period and the ICU utilization rate was 
12.9%. For all inpatients, sepsis, pneumonia and other infections were the cause for 
highest mortality (8.5%) [4]. Various studies have shown that 5–10% of cancer 
patients will develop a life threatening illness requiring ICU admission [5]. Patients 
with hematological malignancies have higher utilization of ICU [5]. The survival 
rates in cancer patients admitted to ICU have been meaningful in recent times, albeit 
higher than general population of critically ill patients [6]. Hospital mortality in 
mechanically ventilated cancer patient has also shown a decline from 90 to 60% 
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over time [6]. These improvements may be attributable to improved cancer care as 
well as improvement in supportive care such as availability of better drugs for man-
agement of neutropenia and fungal infections [6].

12.2  Requirement of ICU in Oncology Patients

Acute respiratory failure is a common and dreaded complication in both hemato-
logical and solid organ malignancies. Azoulay et al. [7] conducted a 5-year study at 
a teaching hospital in Paris. During the period, a total of 3782 patients with hema-
tological or solid organ malignancies were admitted to the centre. Of these, 203 
(5.4%) required ICU admission for Acute Respiratory Failure (ARF) and 97 (47.7%) 
of the patient with ARF died. The most common cause of ARF in this study was 
infectious pneumonia (58%). No cause could be identified in 21% patients [7]. This 
is relevant as the mortality in this subset noted in this study was 64% which was 
more than the overall mortality noticed in patients with ARF.

Anisoglou et al. studied the outcomes of 105 lung cancer patients admitted to ICU 
with ARF [8]. The authors noted an in hospital mortality of 56.1%. These studies 
show the seriousness of ARF in a patient with underlying hematological or solid 
organ malignancy. They also reflect that approximately one out of two patients 
requiring ICU admission with ARF and an underlying malignancy is likely to survive.

Causes of ARF in patient with underlying malignancy are variable [9]. ARF can 
be due to the underlying malignancy or drugs used for the treatment. The causes of 
ARF among patients with malignancy are summarized in Table 12.1.

Table 12.1 Causes of Acute Respiratory Failure (ARF) in patients with Malignancy

Compartment 
involved

Related to underlying 
malignancy Related to treatment

Parenchymal •  Mass Lesion—large mass 
causing V/Q mismatch

•  Lymphangitis 
Carcinomatosis

•  Pneumonitis or ARDS: due to infection, 
chemotherapy, or radiotherapy

•  HSCT: Peri-engraftment syndrome, 
diffuse Alveolar Haemorrhage, 
Bronchiolitis obliterans organizing 
pneumonia (BOOP)

•  Drugs—bleomycin, methotrexate etc.
Vascular •  Acute pulmonary 

thromboembolism
•  Tumour embolism

Pleural •  Malignant pleural effusion •  Drug induced pleural Effusion—
bleomycin, methotrexate, 
cyclophosphamide etc.

Chest wall disorders •  Chest wall tumor
•  Rib fractures

Airway •  Endobronchial metastasis
Respiratory Drive/
Neuro-Muscular 
Disorder Related

•  CNS metastasis
•  Paraneoplastic syndromes
•  Lambert Eaton Syndrome, 

myasthenia gravis

•  Overdose of narcotics
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12.3  Respiratory Interventions in Oncology ICU

Respiratory interventions in patients with malignancy and admitted in ICU are 
important armamentarium for the diagnosis of the cause as well as the management 
of ARF.  For example, bronchoscopic BAL is the investigation of choice for the 
microbiological diagnosis of pneumonia in these patients. Similarly, there are rigid 
bronchoscopic interventions which may be life-saving for the patients with malig-
nant central airway obstruction (CAO). The summary of possible respiratory inter-
ventions in critically ill patients with solid organ or hematological malignancy is 
provided as Table 12.2.

12.3.1  Flexible Bronchoscopy

Flexible bronchoscopy (FB) has been used ICU, with a considerable success, for 
various diagnostic and therapeutic indications. However, use of FB in ICU has its 
own set of challenges. Therefore, it is important to know the indications and com-
plications associated with bronchoscopy in critically ill patients.

Indications for bronchoscopy in oncology ICU may be diagnostic or therapeu-
tic [10].

Diagnostic indications:

 1. Evaluation of pulmonary infiltrates
 2. Hemoptysis evaluation
 3. Airway assessment in cases of suspected central airway obstruction (CAO) or 

bronchial obstruction
 4. Suspicion of tracheo-esophageal Fistula (TEF)

Table 12.2 Respiratory interventions in the oncology ICU

Conditions Diagnostic interventions Therapeutic interventions
Pneumonia/ARDS •  Broncho alveolar lavage

•  Bronchial washings
•  Brush cytology
•  Trans bronchial lung 

biopsy

•  High flow nasal cannula 
(HFNC)

•  Non-invasive ventilation (NIV)
•  Invasive mechanical 

ventilation (IMV)
Tracheal/endobronchial 
tumour/metastasis

•  Flexible bronchoscopy •  Cryo-extraction
•  Diode laser
•  Argon plasma coagulation
•  Photodynamic therapy
•  Rigid bronchoscopy with 

mechanical debulking
Malignant Pleural Effusion •  Diagnostic pleurocentesis/

pleuroscopy
•  Small/large bore ICD 

placement
•  Indwelling pleural catheter
•  Pleurodesis (thoracoscopic or 

via ICD)
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120

Therapeutic indications:

 1. Lung/Lobar collapse not improving with physiotherapy
 2. Management of CAO/bronchial obstruction
 3. Bronchoscopic intubation
 4. Percutaneous tracheostomy

Critically ill patients are at a higher risk of complications during bronchoscopic 
procedures [11]. The factors which predispose ICU patients to a higher complica-
tion rate include presence of hypoxemia, hypotension, renal failure, thrombocytope-
nia and use of anticoagulant/anti-platelet drugs. It should be noted that partial 
pressure of oxygen (PaO2) usually falls by 10–20 mm Hg after bronchoscopy even 
in non-critically ill patients, hence, there is risk of pre-exiting hypoxemia [12]. In 
critically ill patients, FB is frequently performed on patients who are on invasive or 
non-invasive ventilation. There are general principles guiding the FB procedure in 
ICU [10, 11]. We suggest following step to minimize the complications—

 1. Pre-oxygenation with 100% Oxygen for 5–10 min prior to procedure
 2. Titrate FiO2 and PEEP during the procedure to maintain SpO2 > 90% during 

procedure and in the immediate post procedure period
 3. Controlled mode should be preferred in patients on mechanical ventila-

tion. Increase in PIP (Peak Inspiratory Pressure) alarm limits to allow adequate 
volume delivery is also recommended

 4. Continuous monitoring of vital parameters (Heart rate, Blood pressure, 
SpO2,ECG) is essential

 5. In patients on Endotracheal/Tracheostomy tube the diameter of tube should be at 
least 2  mm more than the outer diameter of the bronchoscope. This helps in 
allowing delivery of tidal volume (VT) and reduces development of auto PEEP.

It usually takes 24 h for the respiratory mechanics in critically ill patients to return 
to baseline after FB. Close monitoring for initial 24 h after procedure is essential 
[12]. It is important to note that although use of FB for removal of retained secretions 
(pulmonary toilet) is often practiced, it’s routine use is not evidence based [12]. 
Respiratory therapy alone has performed equally well in randomized control trials 
and should be utilized before resorting to FB [11]. Routine use of BAL for diagnosis 
of VAP in critically ill patients is not recommended due to lack of mortality benefits 
as compared endotracheal aspirate ET aspirates.

12.3.2  Rigid Bronchoscopy

Rigid bronchoscopy is an invasive procedure that can visualize oropharynx, vocal cords, 
trachea and main bronchi and done under general anesthesia either in operation theatre 
or bronchoscopy suite. Rigid bronchoscopy provides a better airway control, hence is 
ideal tool for therapeutic purposes. The indications of rigid bronchoscopy include thera-
peutic interventions for management of CAO, hemoptysis, deeper biopsy etc.
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Central airway obstruction (CAO) is defined as an obstruction involving trachea or 
main stem bronchus and can occur due to a primary or metastatic thoracic malignancy 
[13]. Primary endoluminal malignancies as cause of CAO are less common as com-
pared to airway metastasis [14]. Common malignancies causing metastasis to airway 
include renal, breast, thyroid and colon [14]. CAO can be classified as endoluminal, 
extraluminal or mixed (having both endoluminal and extraluminal components) [14].

Usual symptoms of CAO include breathlessness, wheeze or stridor. Respiratory 
distress develops with advanced airway obstruction (usually tracheal lumen <5 mm) 
and majority of these patients present with acute respiratory failure without any sig-
nificant previous symptoms [14]. Extent and location of CAO is important for choos-
ing appropriate therapeutic modality. While a unilateral wheeze indicates focal 
airway obstruction, stridor is indicative of severe laryngeal or tracheal obstruction. 
Chest radiographs have limited utility for diagnosis, location and extent of lesion 
causing CAO [13]. Computerized tomography (CT) scan of the thorax is the imaging 
modality of choice for evaluation of CAO. Virtual bronchoscopic evaluation of the 
endoluminal airways and 3-D reconstruction of structures surrounding the airways 
can provide a comprehensive evaluation of CAO [13]. Also, CT scan can be helpful 
in determining minimum size of the airways, length and site of obstruction, and 
patency of airways distal to the obstruction [14].

The principles of CAO management follow the standard guidelines for any unsta-
ble patient with airway stabilization being the first priority. For patient with doubtful 
airway stability, rigid bronchoscopy is the procedure of choice; as it will help in secur-
ing the airway, provide excellent oxygenation and ventilation and also allow a thera-
peutic intervention such as “coring” or “debulking” of a tumor, dilatation of a stenosis, 
and placement of stent [14]. In patient deemed to have relatively stable airway with 
CAO, tracheostomy in proximal CAO and endotracheal intubation in patients with 
distal obstruction may be tried in a controlled environment with availability of inter-
vention at a short notice. The various modalities employed for management of CAO 
could include “hot therapies” such as elecrocautery, Argon Plasma Coagulation, Laser 
therapy, Photodynamic therapy or “Cold therapies” such as cryotherapy [14].Although 
success rate of therapeutic bronchoscopy is high, there are significant complica-
tions—hypoxia, pneumothorax, bleeding, hypotension and increase in level of care 
[13]. Patient with poor ASA (3 or 4) and poor performance status (Karnofsky 
Performance Scale below 70) are at a higher risk of complications [13].

12.4  Tracheostomy in Oncology ICU

In oncology patients, apart from upper airway obstruction and airway protection, 
prolonged mechanical ventilation may be an indication for tracheostomy [15]. 
Tracheostomy may be performed via surgical or percutaneous methods [16]. 
Surgical tracheostomy in critically ill patients is a cumbersome process requiring 
transport to surgical operation theatre [16]. While surgical tracheostomy involves 
full dissection of pre tracheal tissues followed by insertion of tracheostomy tube 
under direct vision, percutaneous tracheostomy (PCT) utilizes Seldinger technique 
and blunt dissection of pretracheal tissues [17].
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 a. Indications—
1. Upper airway obstruction
2. Difficult weaning
3. Management of trachea bronchial secretions
4. Prevention of aspiration

 b. Absolute contraindication -
1. Uncontrolled coagulopathy
2. Unstable cervical spine
3. Infection at the planned site

 c. Procedure:

Various procedures described to perform PCT include Ciaglia Blue Rhino, Blue 
dolphin, Grigg’s Percu Twist or Fantoni technique. Among these, Ciaglia blue rhino 
technique is comparatively better than other techniques. There are commercially 
available PCT sets (Fig. 12.1). In blue rhino technique, a hydrophilic coated curved 
dilator is used for dilatation of stoma. The dilator is passed over a J-guide wire which 
is passed into the tracheal lumen through a cannula. Incision is made midway between 
cricoid and sternal notch [17]. Before initiating the procedure, patient should be 
placed in a position of neck extension and endotracheal tube (ET) should be 

e

f

a

d

c

b

Fig. 12.1 Percutaneous tracheostomy set—various sizes of dilators (a), surgical blade with han-
dle for incision (b), guide wire (c), introducer needle with sheath (d), tracheostomy tube (e), 
and tie (f)
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withdrawn to a level just below the vocal cord. Ultrasonography (USG) should be 
used to screen the tracheostomy site to look for any blood vessel which may be injured 
during procedure. Bronchoscope should be passed through ET to visualize tracheal 
lumen during the procedure. Bronchoscope can also be used to confirm the position of 
tracheostomy tube once it is passed. The steps of the procedure are described below.

Box 1 Steps of Percutaneous Tracheostomy
 1. Written informed consent must be obtained prior to the procedure
 2. General anaesthesia is required for performing the procedure.
 3. Correct neck position is essential for the procedure. Neck should be in 

full extension. Towels may be placed under shoulder blades to achieve 
neck extension

 4. USG use is preferred to evaluate the neck anatomy and rule out any large 
vessels in the operative fields.

 5. Sterile precautions must be followed during the procedure. Pre-procedure 
hand washing, use of sterile gloves and gowns, preparation of site and 
field with full aseptic measures must be done.

 6. Identify the landmarks by palpation. Neck landmarks to be identified 
include thyroid cartilage, cricoid cartilage and second to third tra-
cheal rings.

 7. Make a horizontal incision approximately 2–3 cm between second and 
third tracheal ring.

 8. Do a blunt dissection of pre-tracheal tissue till trachea is clearly palpable.
 9. Flexible bronchoscope is introduced through the ET tube and kept inside 

just proximal to the tip of ET tube. This helps in visualization of the tra-
chea while avoiding injury to bronchoscope during the procedure.

 10. Deflate the cuff and withdraw the ET tube to a position where the cuff is 
just below the glottis. Re-inflate the cuff at this site while maintaining the 
position of bronchoscope inside the tube.

 11. Puncture the anterior wall of trachea using the introducer needle under 
guidance of bronchoscope.

 12. Withdraw the trocar while leaving the sheath in place. Introduce the guide 
wire through the sheath and visualise it going towards the carina. Once 
the guidewire is in position, remove the sheath over the guide wire.

 13. Use the dilators over the guide wire to dilate the track to place tracheos-
tomy tube.

 14. Withdraw the dilator and gently pass the tracheostomy tube over guide 
wire. Once the tracheostomy tube is in place withdraw the ET tube and 
bronchoscope.

 15. Bronchoscope may be passed through the tracheostomy tube to see the 
position and distance from carina.

 16. Make sure hemostasis is achieved and there is no active bleed.
 17. Tie the tracheostomy around the neck with help of tie. Make sure that the 

tie is not too tight as that may cause interruption of blood supply.
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 d. Complications

Complication of PCT are similar to surgical tracheostomy. Early complications 
include formation of false tract, iatrogenic trauma to airways leading to pneumotho-
rax/pneumo-mediatinum/surgical emphysema, hemorrhage and injury to posterior 
tracheal wall.

Late complications may include displacement, trachea-esophageal fistula, sub-
glottic stenosis, stromal infection and voice change [17].

12.5  Interventions for Malignant Pleural Effusion

Malignant pleural effusion is most commonly seen in lung cancer, breast cancer and 
lymphoma [18]. Patients usually present with breathlessness (fresh onset or worsen-
ing depending on underlying disease), cough and chest pain. Development of malig-
nant pleural effusion usually portends worse prognosis; its presence shifts the 
treatment goals from curative intent to palliative intent [18].

 a. Modalities for management of malignant pleural effusion

Various modalities available for the management of malignant pleural effusion 
include repeated thoracocentesis, placement of intercostal drain (ICD), pleurodesis 
and indwelling pleural catheter (IPC). The modalities for management of malignant 
pleural effusion and their indications [19] are as given in Table 12.3.

All pleural interventions in ICU should be carried out under USG guidance. All 
patients with MPE should initially undergo a therapeutic thoracocentesis to confirm 
relief of symptom and re-expansion of lungs after pleural drainage [19].

Both IPC and tube thoracostomy followed by pleurodesis have been used in 
patients in MPE.  The advantages and disadvantages [20] of both are listed in 
Table 12.4.

Although VATS/thoracoscopy guided surgical pleurodesis is also possible, it is 
usually not feasible in ICU patients due to their poor performance status.

Placement of either large-bore chest drain (ICD) or small-bore chest drain (pig 
tail catheter) may be undertaken for cases with MPE for symptomatic relief and 
subsequent pleurodesis. Small bore tubes have equivalent success rates as compared 
to large tube thoracostomy [20, 21]. The advantages of small-bore tubes include 
lesser pain and better patient comfort.

Table 12.3 Modalities for management of malignant pleural effusion and their indications

MPE management modality Indications
Repeated therapeutic thoracocentesis • MPE with expected survival <3 month
Intercostal Drainage • Therapeutic drainage and pleurodesis
Pigtail Catheter Drainage • Outpatient management of MPE and pleurodesis
Indwelling Pleural Catheter • Failed pleurodesis/symptomatic loculated effusion

• Trapped Lung
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 b. Procedure

Site of maximal effusion should be confirmed on USG and position marked on 
chest wall. Patient should preferably be in a sitting position, although it will not be 
possible in patients on mechanical ventilation; in that case patient can be kept in 
semi-recumbent. If on mechanical ventilation, PEEP should be reduced pre-proce-
dure. We should check that the ICD set is complete (Fig. 12.2). The steps of ICD 
insertion are summarized in Box 2.

Table 12.4 Comparison of pleurodesis with IPC

Procedure Advantages Disadvantages
Pleurodesis •  Rapid resolution of MPE •  More Invasive

•  Failure is common
•  Not possible in trapped 

lung
IPC •  Less invasive

•  Spontaneous pleurodesis may occur over time
•  Effective in patients with trapped lung
•  Less requirement of repeated pleural 

intervention
•  Less median hospitalization

•  Prolonged drainage
•  Prolonged ongoing care
•  Costly

a b

c

e
d

f

hg i

j

Fig. 12.2 The ICD-set showing various instruments required during the procedure—under water 
seal (a), povidone iodine (b), inter-costal tube (c), suture (d), lignocaine (e), gauze (f), non-tooth 
forceps (g), surgical blade (h), needle holder (i), and artery forceps
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 c. Complications

Various complications which may occur during placement of intercostals drain 
include hemorrhage, lung injury resulting in alveolo-pleural fistula and hydropneu-
mothorax, re-expansion pulmonary edema, vasovagal syncope.

Box 2 Steps for Intercostal Drain Insertion (ICD) Insertion
 1. Written informed consent must be obtained prior to the procedure
 2. Use Ultrasonography (USG) to ascertain the site and size of effusion. It is 

essential that USG be used in these patients as localization of effusion on 
clinical basis will be difficult and to avoid complications related to trauma 
to vital organs during procedure.

 3. Under USG guidance ascertain the depth of fluid from chest wall, site of 
maximum collection and approximate volume of effusion.

 4. Sterile precautions must be followed during the procedure. Pre-procedure 
hand washing, use of sterile gloves and gowns, preparation of site and 
field with full aseptic measures must be done

 5. Preferred patient position is patient lying at 45 degree with arm behind 
the head. However in ICU setting it may be required to place an ICD in 
supine position also.

 6. Local infiltration with 2% lignocaine upto a maximum of 3 mg/kg may be 
used to provide pain relief during the procedure

 7. Choose appropriate drain size. Intercostal drain are available in size vary-
ing from 12 FG to 34 FG. A small bore ICD may be used for pneumotho-
rax and simple effusion while large bore tube may be used in hemothorax 
and empyema. Inter costal space available may also be a determining 
factor in deciding size of ICD. Patient with reduced intercostals space due 
to chronic collapse or pleural thickening may require a small bore ICD.

 8. After adequate local anaesthesia insert a needle from above the lower rib 
at the site of maximum collection already ascertained. Aspirate fluid or 
air to confirm the correct position.

 9. Make a skin and soft tissue incision using a sterile blade. Do blunt dissec-
tion of deeper tissues with forceps. Spread the intercostals muscles on the 
superior surface of ribs to avoid injury to intercostals bundle in the infe-
rior rib surface.

 10. After the track has been created insert the ICD through the track with help 
of forceps. After pleura is breached gush of air or fluid may be felt. Keep 
ICD closed till connected to underwater drain

 11. Secure the ICD using 1/0 or 2/0 silk sutures
 12. Connect the ICD to underwater drain and open the ICD.
 13. Do sterile dressing around the tube. Change the dressing every 48 to 72 h.
 14. Do a chest radiograph to confirm position of tube
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Key Points
• Acute respiratory failure is a common cause for utilization of critical care in 

patients with haematological/solid organ malignancies. ARF can occur due to 
myriads of causes.

• Pulmonary interventions such as flexible and rigid bronchoscopy, placement of 
ICD, and tracheostomy may be very useful for immediate relief of symptoms and 
reversal of ARF. It is important to ensure correct indication and take adequate 
precautions while performing the procedure as chances of deterioration in 24 h 
of procedure are high

• Rigid bronchoscopy is the modality of choice for the management of CAO of 
malignant etiology.

• Tracheostomy may be required for patients having upper airway obstruction or 
requiring prolonged ventilation. Percutaneous tracheostomy is a relatively less 
invasive procedure than surgical tracheostomy and can be performed on bedside 
thus avoiding risking the transfer of a critically ill patient

• Management of MPE mainly depends on the status of underlying lung. Drainage 
and pleurodesis are preferable if the lung expands after drainage of fluid. 
However if the underlying lung is trapped repeated therapeutic thoracocentesis/
indwelling pleural catheter may be preferred.
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13Deep Venous Thrombosis 
and Pulmonary Embolism

M. D. Ray

Learning Objectives: Introduction, Review of literature, pathophysiology of 
venous thromboembolism (VTE) with cancer and Incidence of VTE in malignancy, 
Diagnosis of VTE, Diagnostic value, Clinical features of VTE, Cancer surgical risk 
groups, Caprini Score Model and Preventive measures.

Introduction: To tell the truth that relationship between malignancy and throm-
boembolism has been well established fact but unfortunately pathophysiology is 
still not fully cleared. Troussau is the person who reported migratory thrombophle-
bitis in gastric cancer patients in 1865 [1]. Since then a large number of evidence 
has been identified to showing the relationship between venous thromboembolism 
(VTE) and cancer. Despite significant advancement in the prevention of VTE, how-
ever it remains the most common preventable cause of hospital death in surgical 
patients [2]. It is well known that Asian population is genetically quite different 
from US and European group. A large number of trails support that Asians have low 
risk for DVT [3].There is no Indian data from any major cancer centre reporting the 
incidence of post-operative cancer patients; hence there is no uniform policy to 
practice thromboprophylaxis in Onco Surgery patients.

The very few literature available in India only two RCTs showed very low inci-
dence of DVT after major abdominal surgeries [4, 5]. A prospective observational 
study conducted in 250 patients at Surgical Oncology Department at IRCH, AIIMS 
from 2013 to 2016 showed none of the patients who underwent complete resection 
(RO) for various cancers, showed any evidence of VTE both clinically and radio-
logically. Post operatively patients were monitored closely for any signs of 
DVT. Bilateral Colour Doppler should be done by using all modes, on the post op 
day 7, 28 andearlier if VTE is suspected clinically. But without any doubt VTE is 
the captain of post surgical death worldwide. Effective and newer prophylactic 
methods are now available for high risks patients [6, 7] and different evidence based 
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guidelines have been showing the way of preventing VTE [8, 9]. But most audits 
demonstrated that appropriate thromboprophylaxis is not being offered to large 
number of cancer surgical patients [10, 11].

Review of literature: The complications of deep vein thrombosis (DVT), pul-
monary embolism (PE) i.e. VTE and the post thrombotic syndrome are important 
not only as the most common preventable cause of post operative death in hospital 
but also important cause for long term morbidity [12]. Proper understanding of 
underlying epidemiology, pathophysiology, and natural history of VTE is important 
in guiding appropriate prophylaxis for cancer surgery patients. National 
Comprehensive Cancer Network (NCCN) guidelines divided venous thromboem-
bolism (VTE) broadly into deep vein thrombosis (DVT), pulmonary embolism 
(PE), superficial vein thrombosis (SVT) and thrombosis in other vascular territories 
(portal vein, mesenteric vein, inferior vena cava and superior vena cava) [13].

A thrombus is a semisolid mass formed from the components of fibrin and red 
blood cells with a variable platelet and leukocyte component. A clot is nothing but 
blood which has coagulated in vitro (i.e. in a test tube). A DVT is a thrombus, which 
has formed in the deep veins beneath the deep fascia of the lower limb. Thrombus 
within the pelvic or abdominal veins that carry blood from the legs is also com-
monly classified as “deep vein thrombosis’ and some would include thrombus in the 
communicating veins of the lower limb within the definition [12].

Pathophysiology of DVT: Over a period of time it has been realized that the 
formation of DVT is multifactorial, with components of Virchow’s triad as 
depicted below

Virchow’s triad is well-known for this regard. It consisting of (1) Stasis- abnor-
malities in blood flow such as immobilization, obesity, pregnancy, malignancies, 
paralysed patients (2) Vessel wall Injury-vascular endothelial injury due to surgery 
or venepuncture,hypertension,atherosclerosis,chronicinflammation,infectionetc 
and (3) Hypercoagulability-post operative period, malignancies,pregnancy etc.

Pathophysiology of VTE and cancer: Various studies suggest the prothrom-
botic pathways of cancer molecular biology [14].

The thrombus formation in cancer is involving of multiple complicated path-
ways [15].

The association between cancer and thrombosis is well known but pathophysiol-
ogy remains poorly understood. Trousseau was first to recognize the association 
between thrombosis and malignancy and later his work was supported by Sack [14]. 
The genesis of thrombosis in onco-surgery is critical and reflects of multiple path-
ways including activation of procoagulants, inhibition of anticoagulant or fibrino-
lytic pathways and cytokine release [15].

Cell-cell interactions and procoagulants: It is known that cancer cells expresses 
important factors for platelet adhesion.Studies have shown that tumor cells express 
glycoprotein Ib and glycoproteinIIb/IIIa (GP IIb/IIIa), which are key platelet adhe-
sions molecules likewise, cancer has been associated with high levels of von 
Willebrand factor. Platelet adhesion to tumor cells via GP IIb/IIIa could play a key 
function in tumour spread. The main pathway for activation of the coagulation 
involves Exposure of the tissue factor (TF) and endothelium. TF subsequently 
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activates Coagulation factor VIIa, which leads to conversion of prothrombin to 
thrombin. It has been defined that tumour cells not only express TF, but also express 
normal cells, such as Vascular endothelial cells, monocyte and macrophages. 
Tumour cells also express a cysteine protease, cancer Procoagulants that directly 
splits factor X to Xa (34,35). Studies that used enzyme linked Immunoabsorbent 
assay have shown increased cancer procoagulants levels in 81% of malignant 
patients. Accordingly, cancer procoagulant has been identified as a Potential 
tumor marker.

Adhesions of platelet to tumour cells play an important role in tumour spreading. 
The main pathway for activation of coagulation pathway involves exposure of sub- 
endothelium and tissue factor (TF). Ultimately VIIa activated by this tissue factor 
which is responsible for the conversion of prothrombin to thrombin. Normal cells 
also can express TF. Tumour cells also express cancer procoagulants cystine prote-
ase which directly convert factor X to Xa (34,35). As per the literature around 81% 
of malignant patients having increased level of procoagulant in their blood and thus 
procoagulants have been acting as tumour markers.

Fibrinolysis: Fibrinolytic pathway playing the most important part in maintain-
ing hemostatic balance. Tissue plasminogen activities and urokinase type pasmino-
gen (UPA) activities converting plasminogen to plasmin. Plasminogen activities 
inhibitor(PAI) these enzymes. High levels of UPA (Urokinase type Plasminogen 
Activities) and its corresponding receptors (UPAR) and PAI are associated with 
malignancies. When the normal coagulation fibrinolytic balance in malignancy, 
bleeding in leukemia patients and VTE episode occur in solid organ tumours.

Cytokines and Angiogenesis: The role of cytokines in tumour genesis is well 
known. It is also established, angiogenesis plays very important role in tumour 
growth. These cytokines predispose to develop thrombosis.

VEGF, TNFα, IL1 all stimulates the expression of tissue factor on vascular endo-
thelium leading to formation of thrombosis. Both TNFα & IL1 down regulate the 
expression of thrombomodulin. The thrombin and thrombomodulin complexes lead 
to activation of protein c, a strong anticoagulation!

Thus both the up regulation and down regulation of tissue factor produce a pro-
thrombotic effect. On the other hand IL1 and TNFα produce PAI by stimulating 
vascular endothelium, thereby there is increase propensity to form the clots.

Incidence of VTE in malignancy: To tell the truth true incidence of VTE in 
cancer patients is not well understood still.

Silvertein et al. estimated a yearly incidence of VTE of 117 per 100,000 popula-
tion but as far as cancer patients are concerned VTE rate increased1, in 200 per year. 
It is more than four folds compared to non malignant patients [16]. Stein et  al. 
showed that incidence of VTE is doubled in cancer patient (2 vs. 1%) [17].

A study in Natherlan of 66,329 patients showed the cumulative incidence of 
DVT is 12.3 per 1000 population in initial 6 months [18].

Certain tumours like haematological and metastatic diseases are more prone to 
develop VTE [19]. Mucin producing cancers like ovarian carcinoma, colorectal can-
cers and lung cancers are likely to be associated with VTE than other solid 
tumours [15].
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Levitan et al. reported systematically the incidence of VTE with different cancers 
eg- Ovarian ca (12 per 1000 patiemts), lymphoma (9.8 per 1000), pancreatic ca (11 
per 1000 pts), brain tumour (11.7 per 1000 patients). They described lowest rates of 
VTE in Ca breast (2.2 per 1000 pts), Ca bladder (2.2 per 1000 pts) and in head & 
neck malignancy (1.6 per 1000 pts).

Diagnosis of DVT: only 25% of patients of DVT present with compatible symp-
toms. Maximum patients may have minimal or atypical symptoms and clinical 
features.

Harmon’s test itself 30% sensitive only. So, a proper clinical assessment, history 
of varieties of risk factors and sensitive diagnostic tests may confirm the diagno-
sis of DVT.

Symptoms: The symptoms that are commonly produced by deep vein thrombo-
sis are pain, swelling, and a faint red blue discoloration of the skin. Profound cya-
notic discoloration (phlegmasiaceruleadolens), or pallor (phlegmasiaalbadolens) 
and frank venous gangrene are much less common. The more proximal and occlu-
sive thrombus leads to more marked symptoms and physical signs. Deep vein 
thrombosis may also present as pyrexia of unknown origin or with the symptoms of 
pulmonary embolism without any leg symptoms.

Signs: The physical signs of a deep vein thrombosis may be as ephemeral as 
thesymptoms, and often there are none. Diagnostic values of clinical features have 
beensummarized in Table 13.1 and shows that the clinical evaluation may imply the 
need forfurther evaluation but cannot, by itself, be relied on to confirm or exclude 
thediagnosis of DVT.

Table 13.1 Wells clinical probability score

Clinical features Score
Active malignancy (On treatment, <6 months, or on palliative care) 1
Paralysis, paresis or recent plaster immobilization of the lower limbs 1
Recently bedridden more than 3 days or major surgery <12 weeks need general or 
regional anaesthesia

1

Localized tenderness along the deep Venous system 1
Swelling of Entire lower limb 1
Leg swelling >3 cm compare to contralateral side (Measured 10 cm below the tibial 
tuberosity)

1

Pitting edema of involving symptomatic leg 1
Collateral superficial veins (non-varicose) 1
Previous H/O DVT 1
Alternative diagnosis likely as DVT -2
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13.1  Diagnostic Value of Clinical Features of VTE

Clinical feature Sensitivity (%) Specificity
Calf pain 66–91 3–87
Calf tenderness 56–82 26–74
Homans’sign 13–48 39–84
Swelling of calf or leg 35–97 8–88

13.2  Wells Clinical Probability Score (Table 13.1)

This is a scoring method that categorizes patients into high, intermediate and low 
risk of DVT according to numerous defined criteria (outlined below). A score of ≥3 
indicates high probability of DVT, 1 or 2 a moderate probability, and ≤0 indicates 
low probability.

13.2.1  Diagnostic Tests for DVT

 1. Non-invasive Diagnostic Tests Includes Duplex Ultrasound,ImpedancePlethysm
ography, CT Venography, MRI/MR Venography.

 2. Invasive diagnostic tests: Contrast Venography.
 3. Fibrinogen Uptake Test.

Biomarkers for the diagnosis of deep vein thrombosis: Gold standard for DVT 
diagnosis is compression ultrasound. Biomarkers and making a serological diagno-
sis are desirable. D-dimer, a highly sensitive biomarker, is very useful to exclude 
VTE. But it lacks of specificity.

The upcoming plasma biomarkers in the diagnosis of VTE are selectins, mic-
roparticles, IL 10 and other inflammatory markers. These inflammatory markers 
may also predict recurrence rate, thrombi which resolve spontaneously and deter-
mine the therapy either standard anticoagulation or aggressive therapies.

13.3  Risk Factors for DVT

DVT occurring in the setting of a known risk factor is defined as secondary, where as 
that occurring in the absence of risk factors is defined as primary or idiopathic. Risk 
factors can be further classified into acquired or congenital risk factors. (Table 13.2).

13.3.1  Cancer Surgical Risk Groups Are

 (i) Increasing age
 (ii) Past history of VTE
 (iii) Family h/o VTE
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 (iv) H/o inherited or acquired hyper coagulable state
 (v) Obese patient
 (vi) History of Chemotherapy 6.5 fold, Presence of mucin secreting cancer like 

ovary, colorectal, lung other like brain, pancreatic ca, pelvic malignancies 
three to five fold

 (vii) More co-morbidities (like heart disease, infection, sepsis, chronic inflamma-
tory disease, recent stroke etc. more prone to develop VTE)

The risk of developing post-operative VTE also depends upon degree of invasive-
ness type and duration of surgery, Anaesthesia and requirement for immobilization 
[20]. As per world literature, in the absence of appropriate prophylaxis incidence of 
asymptomatic DVT is widely varied from 10 to 80% and total pulmonary embolism 
is 0.1–0.8 percent after effective general surgery [21]. In high risk patient with 
Caprini score 5 or more and undergoing abdomino-pelvic surgery without prophy-
laxis, chance of VTE is approximately 6%.

Table 13.2 Acquired and 
Congenital risk 
factors for DVT

Acquired risk factors for DVT
Acute spinal cord injury Laparoscopic surgery
Age Major Surgery
Central venous access Malignancy
Congestive heart failure Minor surgery
Elective major lower extremity arthroplasty Multiple trauma
Heparin-induced thrombocytopenia Myocardial infarction
Hip, pelvic, or proximal femur fracture Obesity
History of DVT or PE Oral contraceptives
Hormone replacement therapy Pregnancy
Homocysteinemia Sepsis
Immobilizing plaster casts Stroke
Inflammatory bowel disease Patient confined to bed .72 hours
Varicose veins
Congenital risk factors for DVT
Antiphospholipid antibody syndrome
Hyper viscosity syndromes
Ant thrombin III deficiency
Lupus anticoagulant
Disorders of plasminogen and plasmin activation
Myeloproliferative disorders
Dysfibrinogenemia
Protein C deficiency
Homocysteinemia
Protein S deficiency
Prothrombin 20210A allele
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13.4  Caprini Risk Scoring Method for the Risk Assessment 
(Table 13.3)

The Caprini score is calculated by adding the scores of all risk factors. The Caprini 
score is calculated in the following method:

• Score 0–1: Low risk
• Score 2: Moderate
• Score 3–4: High risk
• Score ≥ 5: Highest risk

13.4.1  Preventive Measures of VTE

Risk Assessment and Preventive Measures: Patients with gynaecological malig-
nancies undergoing surgery needs to have a proper assessment and evaluation of the 
postoperative risk of VTE. The American College of Chest Physicians (ACCP) [22] 
has advised using various risk assessment tools to determines the level of risk of 
VTE like Caprini Score and Rogers Score.

Table 13.3 Caprini score model

Five points Three points Two points One point
•  Stroke (previous 

month)
•  Fracture of the hip, 

pelvis, or leg
•  Elective hip 

replacement surgery
•  Recent spinal cord 

injury (in the 
previous month)

•  Age≥ 75 years
•  Previous H/O VTE
•  Positive F/H/O VTE
•  Prothrombin A
•  Factor V Leiden
•  Lupus anticoagulants
•  Anticardiolipin 

antibodies
•  Increased 

homocysteine in the 
blood

•  HIT
•  Other congenital or 

acquired 
thrombophilia

•  Age: 
61–74 years

•  THR surgery
•  Lap surgery 

lasting >45 min
•  General surgery 

lasting >45 min
•  Malignancy
•  Plaster cast
•  Bedridden for 

>72 h
•  Central venous 

catheter

•  Age 41–60 years
•  BMI >25kg/m2

•  Minor procedures
•  Edema in the lower 

limb
•  Varicose veins
•  Pregnancy
•  Post- partum
•  OCP
•  HRT
•  Unexplained or 

recurrent abortion
•  Recent H/O Sepsis
•  H/O Pneumonia in 

previous month
•  Abnormal PFT
•  Acute MI
•  Congestive heart 

failure (in the 
previous month)

•  IBD

The different scores for the factors included in the Caprini score depicted in the table below
Score 0–1: Low risk, Score 2: Moderate, Score 3–4: High risk, Score ≥5: Highest risk

13 Deep Venous Thrombosis and Pulmonary Embolism

http://www.wikidoc.org/index.php/Stroke
http://www.wikidoc.org/index.php/Spinal_cord_injury
http://www.wikidoc.org/index.php/Spinal_cord_injury
http://www.wikidoc.org/index.php/Age
http://www.wikidoc.org/index.php/VTE
http://www.wikidoc.org/index.php/VTE
http://www.wikidoc.org/index.php/Prothrombin_20210_A
http://www.wikidoc.org/index.php/Factor_V_Leiden
http://www.wikidoc.org/index.php/Lupus_anticoagulant
http://www.wikidoc.org/index.php/Anticardiolipin_antibodies
http://www.wikidoc.org/index.php/Anticardiolipin_antibodies
http://www.wikidoc.org/index.php/Homocysteine
http://www.wikidoc.org/index.php/Thrombophilia
http://www.wikidoc.org/index.php/Arthroscopy
http://www.wikidoc.org/index.php/General_surgery
http://www.wikidoc.org/index.php/Plaster_cast
http://www.wikidoc.org/index.php/BMI
http://www.wikidoc.org/index.php/Edema
http://www.wikidoc.org/index.php/Varicose_veins
http://www.wikidoc.org/index.php/Pregnancy
http://www.wikidoc.org/index.php/Post-partum
http://www.wikidoc.org/index.php/Abortion
http://www.wikidoc.org/index.php/Sepsis
http://www.wikidoc.org/index.php/Congestive_heart_failure
http://www.wikidoc.org/index.php/Congestive_heart_failure
http://www.wikidoc.org/index.php/Inflammatory_bowel_disease


136

The Caprini Score has been validated for the use in patients with gynaecological 
malignancies [23]. The score is calculated by adding scores allotted to individual 
risk factors and is given as follows:

• Score 0–1: Low risk
• Score 2: Moderate risk
• Score 3–4: High risk
• Score ≥ 5: Highest risk

Wells Clinical Probability Score: is a scoring system used for prediction of 
DVT   in patients with malignancies where the score indicates the probability 
of DVT. 
There are two standard approaches to prevent VTE and PE (Table 13.4).

Table 13.4 Comparison

Warfarin Heparin: UFH
Heparin: Low molecular weight 
heparin

Limitations:
Dosing difficult
Slow onset (the 
anticoagulant effect 
may not reach its peak 
until after 72–96 h)
Slow clearance
(Duration of action, 
25 days).
Recent guidelines 
recommend
Effectiveness of therapy 
titrated to a target INR 
2–3—requires frequent 
blood sampling
Cost:
Vol. 1 mg (10 
Tabs)—Rs. 95
Vol. 2 mg (10 Tabs)—
Rs. 115
Vol. 5 mg (10 Tabs)—
Rs. 200

Mechanism of action—
Pentasaccaride sequence binding 
to antithrombin which enhances 
its ability to inhibit both thrombin 
and factor Xa
Route—S.c or Iv
Antidote—Protamine sulfate
Complication—HIT
Cost: Rs. 100–150/dose
(5000 IU)

Compared with UFH, LMWHs 
have more predictable 
pharmacokinetics and greater 
bioavailability.
Weight adjusted dose once or 
twice daily
Recommended for:
Thromboprophylaxis in 
moderate and high risk surgical 
patients,
For post-discharge 
thromboprophylaxis in high risk 
surgical patients
Initial short term treatment of 
DVT in general population
First 3–6 months for long term 
treatment of DVT and cancer
Cost:
Daltaparin Cost Rs 400–600/
dose (5000 IU)
Fondaparinox Rs1050–1300/
dose (2.5 mg)
Enoxaparin Cost 175–250/dose 
(40 mg)
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1. Primary Prophylaxis

Drugs Physical methods

2. Secondary Prevention

Subclinical VTE

Screening with objective tests 

(USG/ Colour Doppler Contrast Venography/
MRI Venography)

If any appropriate measures  

Primary prophylaxis is preferred method as it is safe, effective and no need or 
limited need for laboratory monitoring.

And the secondary prevention is advised for patients in whom primary prophy-
laxis is either contraindicated or ineffective.

13.4.2  Primary Prophylaxis

 1. Early and frequent ambulation for all patients, maintenance of hydration and 
prevention of sepsis.

 2. Mechanical methods are preferred in low risk group (Caprini score 1–2) and 
patients with a contraindication to pharmacologic prophylaxis.

 3. Pharmacologic prophylaxis is preferred in surgical patients at moderate and high 
risk patients (Caprini score ≥3)

 4. Combined pharmacologic and mechanical methods (usually intermittent pneu-
matic compression) are considered for very high risk patients (Caprini score ≥5).

Pharmacologic Agents for VTE Prevention—Various drugs are now available for 
VTE prevention, including unfractionated heparin, the LMW heparins, fondaparinux, 
the vitamin K antagonists, and the newer antithrombotic agents rivaroxaban, dabi-
gatran, and apixaban. These will be discussed below. When available, meta- analyses 
of the comparative effectiveness among these various agents will also be discussed.

13.4.3  Pharmacological Agents Usually Used

 1. UFH: LMW (Low Molecular Weight) heparins, Daltaparin and Fondaparinux, 
are preferred than UFH. UFH is safe in renal function derangement and cost is 
Rs 100–150/dose (5000 IU)

13 Deep Venous Thrombosis and Pulmonary Embolism

https://www.uptodate.com/contents/heparin-unfractionated-drug-information?source=see_link
https://www.uptodate.com/contents/fondaparinux-drug-information?source=see_link
https://www.uptodate.com/contents/rivaroxaban-drug-information?source=see_link
https://www.uptodate.com/contents/dabigatran-drug-information?source=see_link
https://www.uptodate.com/contents/dabigatran-drug-information?source=see_link
https://www.uptodate.com/contents/apixaban-drug-information?source=see_link


138

 (a) Daltaparin (Fragmin) in moderate to in-high risk cancer patients—2500  IU 
subcutaneously 1–2 h. before surgery followed by 2500 IU 8–12 h later and then.

Once daily post operative dose of 5000 IU subcutaneously for 5–10 days or 
till the time of discharge depending upon the risk score. Contraindication: 
Renal Insufficiency.

Coagulation profiles like PT and APTT are relatively insensitive measures of 
Daltaparin therefore unsuitable for monitoring the anticoagulant effect. 
Creatinine clearance should be monitored and the Cost for single dose (5000 IU) 
is Rs 400–600/− in Indian currency.

 (b) Fondaparinux: Prophylactic dose 2.5 mg s/c to be started 6–8 h after surgery. 
Once daily for 5–10 days or till discharge of the patient. Cost Rs1050–1300/
dose (2.5

 (c) Enoxaparin: 30–40  mg  s/c once daily starting 12  hours after surgery. Next 
time Low dose unfractionated Heparin (UFH) is used where LMW is 
 contraindicated i.e. in renal insufficiency and where cost is an issue. Cost 
175–250/dose (40 mg).

Thrombocytopenia to be monitored routinely.
 (d) Warfarin may be advised as an alternative to LMWH and UFH when delayed 

prophylaxis is planned.

13.5  Comparison among all Type of Heparins (Table 13.3)

Comparison of agents—To Compare the agents across studies of hip or knee sur-
gery have been difficult, since the drugs under investigation and the dosing sched-
ules have varied between trials. Even in the similar clinical trial there can be 
considerable variability. In addition, bleeding rates have varied across the trails, at 
least in part because different definitions for bleeding have been used.

A number of randomized trials have compared LMW heparin with UFH, warfa-
rin or acenocoumarol, or fondaparinux in patients undergoing total hip replacement 
(THR), and to a lesser extent total knee replacement (TKR). A meta-analysis com-
pared vitamin K antagonists versus LMW heparin for the prevention of VTE in 
orthopaedic surgery revealed that the vitamin K antagonists are less effective than 
LMW heparin, without any remarkable difference in bleeding risk.

In general, LMW heparin has been shown to be superior to UFH or warfarin, but 
inferior to fondaparinux in terms of efficacy, with similar bleeding rates in patients 
undergoing THR OR TKR surgeries.

The use of LMW heparin enoxaparin differs between regions. Thus:

• In North America, enoxaparin at a dose of 30 mg twice daily started after 12 to 
24 hours after surgery.

• In Europe, enoxaparin at a dose of 40 mg is started 12 hours after surgery and is 
then given once daily.

• Other LMW heparin preparations have usually been given in a once daily dose, 
started after surgical procedure.
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A meta-analysis in patients underwent surgery for cancer concluded that there was 
no difference between LMWH and UFH in terms of efficacy, DVT location, or 
bleeding complications.

A Cochrane review of the use of LMW heparin to prevent VTE in surgical 
patients with lower immobilization concluded that LMW heparin in outpatients 
effectively reduced the VTE incidence. A further meta-analysis reviewed the use of 
intermittent pneumatic compression (IPC) with or without pharmacologic prophy-
laxis. It was shown that, compared with IPC alone, combined prophylactic methods 
reduced the VTE incidence.

In neurosurgical procedures, LMW heparin was shown to be effective then 
IPC. In major trauma management, LMW heparin was effective then UFH in the 
prevention of DVTs.

Timing of Prophylaxis: Recommended either before or immediately after surgi-
cal procedure and continued until the patient is mobile.

In moderate and high risk patients LMWH started either 12 hours before surgery 
or 18–24 h after surgery.

The term extended prophylaxis is used by ACCP & NCCN and ASCO—for a 
very high risk patients (Caprini score >5) where prophylaxis may be extended 
10–35 days. It is recommended for a period of 5 weeks.

Other drugs used are—direct thrombin &Xa inhibitor, Rivaroxaban, 
DabigationXilate, Apixaban, Endoxaban etc.

13.5.1  Mechanical Methods

 1. Intermittent Pneumatic compression (IPC)—It enhances blood flow in the deep 
veins in the leg, thereby preventing venous stasis.

It reduces plasminogen activator inhibitor-1 (PAI-1) thereby increasing 
endogenous fibrinolytic activity [24]

Among all mechanical devices, efficacy of IPC appears best [22]
 2. A Graded compression stocking (GCS)—GCS when combined with other pro-

phylactic modalities appears to improve rate of DVT prevention.
 3. Venous foot pump (VFP)—Like GCS, it is used combined with other prophylac-

tic methods.
Inferior Vena Cava (IVC) filters: In general IVC filters should be avoided as 

primary prophylaxis. The indication for filter placement as a therapy for DVT 
(Figs. 13.1 and 13.2).

13.5.2  Summary and Recommendations

Every hospital may develop a formal strategy for the prevention of VTE for their 
surgical patients. Strategies should be developed with proper thromboprophylaxis 
recommendations, including authorized order sets, periodic audit, follow up with 
feedback.
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The article “Prevention of venous Thromboembolism” ACCP evidenced based 
clinical practice guidelines (eighth Edition) is a recommended guidelines for the 
prevention of VTE which may be useful in formulating these policies [25].

Number of attempt has been made to develop risk assessment models for VTE in 
individual patients. At this time, none of the risk stratification models has been vali-
dated in prospective trials, although this subject is under active study.

Fig. 13.2 DVT pump 
used intra operatively In 
Post-operative period 
in ICU

Fig. 13.1 DVT Pump 
used for DVT Prophylaxis
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In patients with additional risk factors (eg, previous H/O VTE, advanced age 
particularly >75 years, active cancer or a history of cancer, a more extensive surgi-
cal procedure) consideration should be given to more aggressive prophylaxis in the 
form of increased intensity or duration of a pharmacologic agent, or the addition of 
Intermittent Pneumatic compression (IPC) [25].

In patients from specific ethnic groups in which the incidence of post-surgical 
venous thromboembolism is low (eg, Asian populations), consideration may be 
given to less aggressive prophylaxis.

Assignment of surgical risk groups: The risk of postoperative VTE depends 
upon the surgical procedure (eg, type and duration of anaesthesia and surgery, 
requirement for post-operative immobilization), as well as patient-related factors 
(eg, increasing age, prior VTE, presence of cancer or obesity, presence of an inher-
ited or acquired hypercoagulable state). Patients have been generally divided into 
low, moderate, and high risk categories.

Low risk general and abdominal-pelvic surgery: For low risk surgery (Caprini 
score 1–2) the use of mechanical prophylaxis is preferred, over no prophylaxis or 
prophylactic anticoagulation.

Moderate risk general and abdominal-pelvic surgeries: For moderate risk 
general and abdominal-pelvic surgery (Caprini score 3–4) the recommend method 
is the use of prophylactic anticoagulation over no prophylaxis.

High risk general and abdominal-pelvic surgery: For high risk general and 
oncologic abdominal-pelvic surgery (Caprini score 5 or more) the use of prophylac-
tic anticoagulation is recommended. Reasonable choices include LMW heparin, 
UFH in renal insufficiency, or Fondaparinux.

Length of treatment: For moderate risk patients undergoing major general and 
abdominal-pelvic surgeries, the recommendation is that continue thromboprophy-
laxis until hospital discharge, rather than for a shorter or longer period.

13.6  Timing of Regional Anaesthesia/Analgesia: (Cork 
University Hospital, Version 1 Guideline 2015)

13.6.1  UFC (Subcutaneous)

• Should Wait minimum 4 h after a dose prior to block or catheter removal
• Should Wait minimum 1 h prior to dosing after procedure (catheter insertion or 

withdrawal)

13.6.2  UFH (Intravenous)

• Infusion should be stopped 2–4 h prior to block
• Start infusion >1 h after block
• Remove epidural catheter not before 2–4 h after discontinuation of infusion
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13.6.3  LMWH

• Should Wait minimum 12 h after a prophylaxis dose before block
• Should Wait minimum 24 h after a therapeutic dose before block
• Should Wait minimum 10 h after dose before removing catheter
• After catheter removal wait 2–4 h before next dose

13.6.4  Present Recommendation for Major Surgery like CRS 
and HIPEC

• Prophylaxis against thromboembolism to be started 12 h prior to CRS ± HIPEC 
should be performed

• Mechanical thromboprophylaxis until complete mobilisation in association with
• pharmacological thromboprophylaxis as an option
• Pharmacological thromboprophylaxis routinely Extended pharmacological 

thromboprophylaxis until 4 weeks after CRS ± HIPEC, as an option in Addition 
to in-hospital thromboprophylaxis should be performed routinely

Conclusion: For selected high risk general and abdominal-pelvic surgery patients, 
the suggestion that continuing thromboprophylaxis after hospitalization with LMW 
heparin for up to 4 weeks be considered, minimum till the patient discharges from 
the hospital and ask the patient to keep on moving at home, not to be at bed always.

Further trails involving various regional cancer centres with huge sample size 
may provide further epidemiological data related to VTE in onco-surgery patients. 
So continue efforts to be made to find the most effective and safest method to pre-
vent and manage VTE.
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14Catheter-Related Blood Stream 
Infections (CRBSI)
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14.1  Introduction

Modern critical care medicine necessitates the placement of central venous cathe-
ters (either short or long term) for various indications. These include administration 
of intravenous fluids, medications, blood products, parenteral nutrition fluids, moni-
toring hemodynamic status, and providing hemodialysis.

Catheter-related bloodstream infections (CRBSI) are the most common nosoco-
mial infections in intensive care units and causes significant morbidity and mortality 
in critically ill patients. CRBSI occur in an estimated 250,000–500,000 patients 
annually in the United States, has a 10–30% mortality rate, prolongs hospitalization 
and burdens the healthcare system with an additional $300 million–$2.3 billion a 
year [1].

14.2  Definitions

Catheter-related bloodstream infection (CR-BSI)—Infectious Diseases Society of 
America (IDSA) definition [2]: Catheter-related bloodstream infection (CRBSI) is 
the preferred term used by the IDSA. CRBSI Is a clinical definition, used for diag-
nosing and treating patients and requires specific laboratory testing that identifies 
the catheter as the source of the Blood Stream Infection (BSI).
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The definitive diagnosis of CRBSI requires either ONE of the following:

 1. Isolation of the same pathogen from a quantitative blood culture drawn through 
the central line and from a peripheral vein with a single bacterial colony count 
(colony-forming units; CFU) at least threefold higher in the sample from the 
central line as compared to that obtained from the peripheral vein.

 2. The same organism is recovered from percutaneous blood culture and quantita-
tive (>15 colony-forming units; CFU) culture of the catheter tip.

 3. A shorter time to positive culture (>2 h earlier) in the central line sample than the 
peripheral sample (differential time to positivity [DTP] [2])

CLABSI—Centers for Disease Control and Prevention (CDC) definition: 
CLABSI is a surveillance definition used by the CDC and is defined as recovery of 
a pathogen from blood culture (a single positive blood culture for organism not 
commonly present on the skin, and two or more blood cultures for organism com-
monly present on the skin) in a patient who had a central line at the time of infection 
or within 48 hours before the development of infection. The infection cannot be 
related to any other infection the patient might have and must not have been present 
or incubating when the patient was admitted to the facility [3]. However, since some 
bloodstream infections (BSIs) are from sources other than the central line (for 
example pancreatitis, mucositis) that may be difficult to recognize, the CDC 
CLABSI surveillance definition may overestimate the true incidence of CRBSI.

Exit site infection—Signs of inflammation confined to an area (typically <2 cm 
surrounding the catheter exit site and the presence of exudate that proves to be cul-
ture positive).

Tunnel infection—Inflammation extending beyond 2  cm from the exit site 
(along with the track or extending centrally towards the vein entry site or extending 
beyond the cuff), associated with pain and tenderness along the subcutaneous tract 
and culture-positive exudate from the exit site. (this may not be seen unless expressed 
by palpation).

 1. Epidemiology

Worldwide, approximately 250,000 bloodstream infections occur annually, and 
most are related to the presence of intravascular devices. In the United States, the 
CLABSI rate in intensive care units (ICUs) is estimated to be 0.8 per 1000 central 
line days. International nosocomial infection control consortium (INICC) surveil-
lance data from January 2010 through December 2015 (703 intensive care units in 
50 countries) reported a CLABSI rate of 4.1 per 1000 central line days.

CLABSIs are an important cause of morbidity and mortality worldwide. 
However, the incidence of CLABSI associated with central lines among patients 
hospitalized in intensive care units appears to be decreasing in incidence in resource- 
rich countries. In the United States, the incidence of CLABSI decreased from 3.64 
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to 1.65 infections per 1000 central line days between 2001 and 2009 [4]. In contrast, 
the reported pooled incidence of CLABSI across 428 ICUs in 36 countries in coun-
tries in Latin America, Asia, Africa and Europe was substantially higher, 6.8 events 
per 1000 central line days [5].

14.3  Risk Factors

Host factors- the host factors commonly associated with nosocomial blood-
stream infections include
 1. Chronic illness (hemodialysis, gastrointestinal tract disorders, pulmonary 

hypertension)
 2. Immune deficiency due to various reasons including malignancy, bone marrow 

transplantation, neutropenia, diabetes mellitus
 3. Malnutrition, total parenteral nutrition administration.
 4. Previous bloodstream infections
 5. Extremes of age
 6. Loss of skin integrity (burns).

Catheter factors:
 1. Location: Femoral central venous catheters are associated with the highest risk 

of bloodstream infection and catheter colonization followed by the internal jugu-
lar and subclavian catheters [6]. The subclavian venous catheter is associated 
with the lowest risk of infection [6, 7].

 2. Duration of catheterization.
 3. Conditions during insertion (dirty or clean).
 4. Catheter site care.
 5. The skill of the catheter inserter.

• Neutropenic patients are at high risk for CRBSIs as well as other infections. 
Those with an absolute neutrophil count <100  cells/mm3 are at the highest 
risk [8].

• Pseudomonas is commonly seen in association with neutropenia, severe illness 
and known prior colonization.

• Patients hospitalized with burns are also at high risk for nosocomial BSIs because 
of necrotic tissue in the burn wounds. The thermal injury sustained during the 
burn process decreases host resistance with a significant inflammatory response 
to the above [9].

• Candida is associated with the following risk factors; colonization with candida 
at multiple sites, prolonged exposure to broad-spectrum antibiotics, ICU stay 
>1-week, total parenteral nutrition, and immunosuppression (chemotherapy, 
neutropenia, haematological malignancy, solid organ or hematopoietic stem cell 
transplantation).

14 Catheter-Related Blood Stream Infections (CRBSI)
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14.4  Pathophysiology

Central venous catheters are of two types.
• Temporary/non tunnelled catheters: Temporary central venous catheters are 

inserted percutaneously and account for most CRBSIs. The absence of a tunnel 
puts non-tunnelled catheters at high risk for CRBSIs.

• Long term/tunnelled catheters: These catheters are implanted surgically (by cre-
ating a subcutaneous tract before entering the vein) in the internal jugular, sub-
clavian, or fair femoral vein for long term (weeks to months) usage. They are 
used for chemotherapy or hemodialysis. Typically, tunnelled catheters have a 
cuff that causes a fibrotic reaction around the catheter, keeping it in place and 
creates a barrier to bacterial migration.

• How do catheters get infected?
There are 4 recognized routes for contamination of central venous catheters.

1. Migration of skin organisms along the exterior surface of the catheter.
2. Direct contamination of the catheter or the hub by manipulation without 

proper sterile procedures.
3. From hematogenous spread from a distant infection site.
4. Rarely from a contaminated infusate.

POTENTIAL ROUTES OF INFECTION

Skin organisms
Endogenous flora

Extrinsic sources (e.g. health care
worker, contaminated disinfectant)

Invading wound

Contamination of
catheter hub

Extrinsic sources
(e.g. health care

worker)
Endogenous flora

(e.g. from the skin)

Contaminated
infusate
Fluid or
medication
Extrinsic
sources
Manufacturer

Skin

Vein

Fibrin sheath, thrombus Hematogenous
From distant infection

Contamination of device prior to
insertion

Usually extrinsic; rarely manufacturer

 

Potential sources of CRBSI from Gahlot et al. 2014 [10].
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Time course of catheter-related infections

• Early infections (≤ 14 days) often arise from the skin:
 – (a) These may occur during line insertion by migration of skin organisms 

down the external surface of the catheter into the bloodstream.
 – (b) There may be gradual infection, beginning where the catheter exits 

the skin.
• Later infections (> 14 days) may arise from the catheter hub or luminal surface 

(fibrin sheath) [11]. Silastic catheters are at a higher risk than polyurethane 
 catheters because of the higher tendency to form fibrin sheaths [12].

14.5  Microbiology

The vast majority of reported pathogens for CLABSI are gram-positive organisms 
(75%) and include Coagulase-negative staphylococci, Staphylococcus aureus, 
Enterococcus and Candida species (13%).

Coagulase-negative Staphylococcus are the most common cause of catheter- 
related infection. Gram-negative bacilli account for 14–20% of CLABSI reported to 
the CDC and the surveillance and control of pathogens of epidemiological impor-
tance (SCOPE) databases respectively. Recent global data has shown that the epide-
miology of CRBSI has changed, with a predominance of gram-negative bacteria 
(GNB) such as Pseudomonas aeruginosa, Klebsiella spp., or Acinetobacter spp. as 
the causative organisms [13, 14].

Surveillance reports have also documented a trend towards more antibiotic 
microbial resistance among all the common pathogens causing CRBSI [15]. 
Although methicillin-resistant Staphylococcus aureus (MRSA) is not responsible 
for more than 50% of all S. aureus isolates obtained in the ICU, the incidence of 
MRSA CRBSI is steadily decreasing due to preventive efforts [15].

14.6  Diagnosis

Detection of CRBSI depends on both clinical examination as well as meticulous 
laboratory evaluation.

When to suspect a line infection?
 1. Fever or septic shock in a patient in whom a central line has been present more 

than 48 h who has no other obvious cause of the fever. Patients may have subtle 
symptoms such as malaise and nausea or severe symptoms including fever with 
rigor, vomiting, and altered mental status.

 2. Local signs of infection at the line site include erythema, pain and purulent exu-
date from the site. Unfortunately, this is often absent. Obvious evidence of infec-
tion at the line site is specific but poorly sensitive [16].

 3. Malfunction of a previously working line may be due to an infected thrombus 
and supports the diagnosis of line infection.
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Laboratory diagnosis of catheter-related bloodstream infections
• It is important to note that the positive predictive value of all laboratory tests for 

catheter-related bloodstream infections increases greatly with high pretest clini-
cal probability.

• Catheters should not be cultured routinely but rather only if CRBSI is suspected 
clinically [6, 17].

• When a catheter infection is suspected, send at least two blood cultures obtained 
from peripheral veins (different sites) and one set of cultures from the distal port 
of the central line [2, 18].

• It is extremely important to ensure that equal volumes of blood (e.g., 10 ml) are 
obtained from each site.

• Some institutions draw blood cultures from each port of the central line which 
may increase the sensitivity of the blood culture [19]. However, obtaining more 
cultures will also increase the likelihood of false-positive results due to 
contamination.

• When sending paired blood cultures, ensure that they are either quantitative cul-
tures or qualitative cultures with continuously monitored differential time to 
positivity (DTI) [18].

• A Differential Time to positivity (DTI) difference >2 h from the central venous 
catheter blood culture versus the peripheral blood or simultaneous quantitative 
paired blood culture with >5: 1 one ratio of Central venous catheter vs peripheral 
culture is highly suggestive of CRBSI [20]. The DTI method is simpler and is 
readily provided by currently used automated blood culture systems in hospitals.

• A positive semi-quantitative culture result is >15 CFU per catheter segment. A 
positive quantitative culture is >103 per catheter segment.

The clinician will be faced with one of the following four general patterns of 
blood culture results obtained via blood sampling.
 1. The peripheral and central venous catheter cultures all turn positive with DTI 

l < 2 h. This suggests bacteremia due to another cause (for example endocardi-
tis). It is important to note that this can also definitely occur with catheter infec-
tion, so clinical judgment has to be used. If after due diligence no other source 
of infection is ascertained then catheter infection may become increasingly 
likely [21]

 2. The central venous line cultures turn positive >2 h earlier than the peripheral 
cultures. This method has a sensitivity of 91% and a specificity of 94% and is 
fairly diagnostic (85%) of CRBSI.

 3. One of the peripheral blood cultures turned positive and none of the other cul-
tures does. This suggests contamination with the caveat that gram-negative 
organisms and candida should still be taken seriously.

 4. The central line culture turns positive but none of the peripheral blood cultures 
does. This is the most difficult pattern to evaluate. This may represent contami-
nation, but it could equally represent early colonization of catheter infection. 
Removal of the catheter is the most prudent course but systemic antibiotics may 
or may not be necessary (depending on the clinical context).
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The isolation of the following low-virulence skin organisms may be suggestive 
of line infection in the right clinical context and if confirmed from the culture of 
multiple sites.

• Coagulase-negative staphylococci
• Micrococcus spp
• Propionibacterium spp.
• Corynebacterium jeikeium
• Bacillus spp.
• Malassezia furfur

14.7  Management

 (a) General management
 (i) Indications for catheter removal
 (a) Definite catheter infection
 (i) The catheter needs to be removed if there is definite evidence of 

infection such as purulent exudate at the catheter insertion site or 
positive blood cultures from the catheter.

 (ii) Possible catheter infection plus increased risk of “harm” with leav-
ing the catheter in place.

 1. Sepsis and septic shock
 2. Neutropenic or immunosuppressed patients.
 3. Presence of endovascular hardware (e.g., pacemaker), prosthetic valves.
 4. Presence of concomitant endocarditis or evidence of disseminated infection.
 5. Presence of suppurative thrombophlebitis
 6. Presence of a propagating clot.
 7. Persistent bacteremia after 72 h of appropriate antimicrobial therapy.
 8. Tunnelled central venous catheter tunnel tract infection or subcutaneous 

port reservoir infection.
 (iii) Additionally, catheter removal is also indicated in the setting of infection 

with the following pathogens:
 1. Staphylococcus aureus
 2. Pseudomonas aeruginosa
 3. Drug-resistant gram-negative bacilli
 4. Candida spp.
 (b) Definitive management
 (i) Short term central venous CRBSI

• When CRBSI is suspected, the initial choice of antibiotics should be 
based on the most likely organisms, the severity of the patient’s illness, 
risk factors for infection and other pre-existing conditions.

• Empirical treatment should be instituted promptly after blood cultures 
are obtained. In general, coverage for gram-positive and gram- negative 
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organisms is necessary. The local prevalence and antimicrobial suscepti-
bility patterns in institutional antibiograms should also be considered.

• Keeping all these in mind, the following general recommendations can 
be made.

• CRBSI due to gram-positive organisms
 (a) For CRBSI due to gram-positive organisms, empirical therapy con-

sists of vancomycin [2]. If there is a high institutional prevalence of 
methicillin-resistant S. aureus (MRSA) isolates with vancomycin 
minimal inhibitory concentration(MIC) > 2 mcg/ml, an alternative 
agent such as daptomycin should be used [22].

 (b) Linezolid is not recommended for empirical treatment of CRBSI. In 
2007, the FDA released a warning regarding the use of linezolid for 
CRBSI [23–25]. However, subsequent studies have shown that 
Linezolid is effective for bacteremia [26–28]. Currently, vancomycin 
remains the preferred drug of choice for gram-positive bacteremia.

• CRBSI due to gram-negative bacilli
 (a) Monotherapy with antipseudomonal beta-lactamase antibiotics such 

as piperacillin-tazobactam, cefepime, ceftazidime and meropenem 
is recommended in patients with neutropenia or severe burns. For 
patients with hemodynamic instability and settings where local 
resistance suggests <90% susceptibility to antipseudomonal beta-
lactams, adding a second antipseudomonal agent such as an amino-
glycoside may be considered while awaiting culture results. Once 
susceptibilities are available, the patient can be switched to appro-
priate monotherapy [29].

 (b) In the absence of hemodynamic instability, severe burn or neutrope-
nia, monotherapy with ceftriaxone is appropriate and antipseudo-
monal coverage is unnecessary.

 (c) Patients known to be colonized with drug-resistant organisms should 
receive appropriate empiric antibiotic therapy.

 (ii) Long-term central venous CRBSI
• Empirically treat hemodialysis patients suspected of having a CRBSI 

with intravenous vancomycin and ceftazidime.
• In stable patients, vancomycin can be administered during the last 60 min 

of the hemodialysis session and ceftazidime immediately after comple-
tion of the dialysis session. In hemodynamically unstable patients who 
are unable to get dialyzed, the antibiotics should be administered imme-
diately after collection of blood cultures without waiting for a dialysis 
session.

• For patients with a documented vancomycin allergy or history of vanco-
mycin-resistant enterococci, daptomycin should be used instead of van-
comycin. The typical dose of daptomycin is 9  mg/kg among patients 
receiving hemodialysis with a high-flux dialyzer and 7  mg/kg among 
patients receiving hemodialysis with a low- flux dialyzer. This dose is 
administered during the last hour of dialysis [30].
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• If the patient has a severe allergy to beta-lactam antibiotics, then amino-
glycosides such as gentamicin or tobramycin may be used. For gentami-
cin, the typical dose is 1–2 mg/kg of ideal body weight with the dose not 
to exceed 100 mg in a single dose [31].  Gentamicin or tobramycin are 
typically administered in the last hour of dialysis.

 (iii) Specific management
• All durations are calculated from the date of the first negative blood 

culture.
• Uncomplicated CRBS: Blood culture becomes negative and fever 

resolves ≤72 h and patient has no hardware and no evidence of suppura-
tive thrombophlebitis or endocarditis and for S. aureus does not have 
active malignancy or immunosuppression)

• Coagulase-negative Staphylococcus (CoNS):
 (a) For patients with no endovascular or orthopaedic hardware with 

CoNS CRBSI remove the catheter and continue systemic antibiotics 
for 5–7 days.

 (b) For patients with Intravascular implant or orthopaedic hardware and 
uncomplicated CoNS CRBSI who undergo catheter removal and 
have rapid clearance of bacteremia—systemic antibiotics are recom-
mended for 14 days.

 (c) If the catheter is retained treat with systemic antibiotic therapy and 
ALT (described below) for 10–14 days.

 (d) If the organism is S Lugadensesis, systemic antibiotics are recom-
mended for 2–6 weeks.

• Staphylococcus aureus
 (a) In general S aureus CRBSI consists of catheter removal and sys-

temic antibiotic therapy for ≥14 days.
• Enterococcus

 (a) Management of CRSBI due to Enterococcus spp. is catheter removal 
and systemic antibiotics for 7–14 days.

• Gram-negative organisms
 (a) For patients with uncomplicated CRBSI due to gram-negative 

organisms who undergo catheter removal, systemic antimicrobial 
therapy is recommended for 7–14 days.

• Candida spp
 (a) Management of candida CRBSI includes catheter removal and sys-

temic antifungal therapy with echinocandins (caspofungin or mica-
fungin) for 14 days.

 (b) Consider getting a [1, 3] beta D-Glucan level (FUNGITELL) as well.
• Complicated CRBSI

 (a) If the patient has active malignancy, ongoing immunosuppression, 
suppurative thrombophlebitis, endocarditis, osteomyelitis etc. then 
remove the catheter and continue systemic antibiotics for 
4–6 weeks.
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 (c) Antibiotic lock therapy -ALT
 (i) Refers to the installation of antibiotic solution into the catheter lumen. This 

is used in situations where the catheter cannot be removed and is most com-
monly used for the management of CRBSI due to CoNS and drug-suscepti-
ble Enterobacteriaceae. This always must be done in conjunction with 
systemic antimicrobial therapy. Infectious disease consult is strongly recom-
mended if this course of action is entertained.

14.8  Prevention

 (a) CVC insertion bundles incorporate evidence-based science and are recom-
mended in CRBSI guidelines [6, 32, 33].

 (i) Potential CVC insertion bundle components [33]:
• Strict adherence to hand hygiene protocols
• Use full barrier precautions /personal protective equipment (PPE)
• Chlorhexidine screen antisepsis.
• Optimal catheter type selection.
• Optimal catheter site selection.
• Proper procedures four catheters addressing monitoring /changes.
• Safe disposal of sharps.
• Daily review of line necessity and prompt removal of unnecessary CVCs.
• Health cares personnel education about CRBSI.
• Availability of CVC carts that contain all necessary supplies.
• Checklist to ensure adherence to proper sterile practices [34].
• Procedures stopped in non-emergent situations when sterility is breached.
• Feedback provided to healthcare personnel regarding the CRBSI rate and 

overall healthcare-associated infection (HAI) rates.
• Proper documentation

14.9  Surveillance and Reporting

 (a) Surveillance involves systematically collecting, analyzing, interpreting, and 
disseminating data to members of the health care team as a means to facilitate 
improvement in patient outcomes [35].

 (b) Specific outcome measures (for tracking rates) and process measures (to deter-
mine adherence to recommended practices should be identified in individual 
institutions that have been earmarked for performance improvement.

 (c) Public reporting of surveillance measures can promote transparency, engender 
trust, and provide an incentive to improve care. In many US states reporting of 
HAI rates including CRBSI rates are required by law.
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15Sepsis in Cancer Patient

Dhruva Chaudhry, Lokesh Lalwani, and B. G. Manjunath

Sepsis is a well-known complication in immunocompromised cancer patients that 
relates to increased morbidity and mortality. In the era of antibiotic resistance, it has 
become a unique concern in these patients because any delay in administering effec-
tive empirical antibiotics will lead to poor outcomes. In this chapter, we address the 
most likely mechanism of sepsis and septic shock in these patients along with risk 
factors associated with poor prognosis. Impact of initial empirical antibiotic therapy 
and optimal management of sepsis with significance of control of the infection 
source is also stressed upon.

15.1  Introduction

Sepsis is a preventable life-threatening organ dysfunction caused by a dysregulated 
host response to infection. Septic shock is a subset of sepsis in which circulatory, 
cellular, and metabolic abnormalities are associated with a greater risk of mortality 
than with sepsis alone [1]. Sepsis and septic shock are significant problems affect-
ing many people each year that put an extra cost on the health care system. The 
estimated cost to healthcare system is around 17 billion per year in the United States 
[2]. Indian data for the same are lacking. The number of sepsis patients has increased 
recently because of increasing age of the population and comorbidities like chronic 
organ failure, immunosuppressive diseases, and cancer.
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Cancer patients are at a ten-fold higher risk for sepsis than the general popula-
tion, with slight variation according to the cancer subtype [3]. The prevalence of 
sepsis in cancer is around 16.4 cases per 1000 patients with cancer per year in the 
US population. Compared to the general population, cancer patients are more likely 
to be hospitalized (relative risk, 2.77; 95% confidence interval, 2.77–2.78) and also 
have severe sepsis (relative risk, 3.96; 95% confidence interval, 3.94–3.99). Overall, 
sepsis is present in 8.5% of total cancer-associated mortality at the cost of 3.4 bil-
lion dollars per year [4]. The overall mortality due to sepsis in cancer patients has 
decreased with time because of improved clinical management, general care, 
improved cancer therapies and changes in the intensive care unit admission policies 
for these patients. In recent years we have been facing the emergence of antibiotics 
resistance in the microorganisms, causing infection and sepsis in the general popu-
lation as well as cancer and immunocompromised patients leading to poor outcomes.

Some of the microorganisms which are variant of concern are multidrug- resistant 
gram-negative bacteria (MDR-GNB). Several authors reported high rates of sepsis 
due to extended-spectrum β lactamase (ESBL)- producing Enterobacteria [5], 
MDR- pseudomonas aeruginosa (MDR-PA) [6], and carbapenem-resistant entero-
bacteria (CRE) [7]. Additional fungal and viral infection in cancer patients is also 
associated with poor outcomes. A well-known therapy with the β-lactamase inhibi-
tors is effective and safe in treating some MDR infections [8]. Additionally, some of 
the advanced strategies can help to improve the prognosis of immunocompromised 
cancer patients, such as early identification of sepsis (scoring systems and biomark-
ers), extended infusion instead of bolus of β-lactamase antibiotics, improve source 
control, increase the quality of care, prompt diagnosis and aggressive ICU 
management.

15.2  Burden of Sepsis in Cancer Patients

Previously, Angus et al. reported that one out of 6 sepsis patients had underlying 
malignant pathology, and these patients had 30% extra mortality than other patients 
with sepsis [9]. Recently it has been found that ICU load is increased by 15–20% 
due to haematological and solid malignancies and mostly sepsis being a leading 
cause of ICU admission in these patients [10]. In recent decades sepsis-related mor-
tality in cancer patients has decreased mainly due to improved sepsis diagnosis and 
management, cancer therapies, prompt and early ICU admission [11].

Currently, in-hospital death of cancer patients presenting with sepsis and septic 
shock is nearly 20 and 40%, respectively [12]. Sepsis-associated mortality depends 
not only on the early management of multiple organ failure but also on the number 
of days in ICU and other associated complications [13]. Higher rates of mortality 
were found in patients with pneumonia and bacteraemia than gastrointestinal and 
urinary tract infections. The long-term outcome of the cancer patients who survived 
after sepsis-related ICU admission depends upon the underlying disease and the 
degree of loss of functional status and continued organ dysfunction [14]. As mortal-
ity in the early sepsis patients has decreased, attention has been paid to late 
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mortality after sepsis recovery. The exact cause of delayed mortality is unclear; 
some investigators presumed that advanced age, comorbidities, and continued organ 
injury are the leading causes of immune system dysfunction with persistent inflam-
mation and catabolism [15].

15.3  Pathophysiology of Sepsis in Cancer Patients

Cytotoxic chemotherapy and cytotoxic radiation therapy cause destruction of hema-
topoietic precursor cells in the bone marrow, causing neutropenia that results in an 
elevation in the levels of IL6, IL8 and G-CSF. This therapy also leads to disruption 
of mucosal barriers, thus allowing entry of pathogens from these disrupted epithe-
lial barriers. Because of neutropenia and overall pancytopenia, there is a deranged 
inflammatory response and no adaptive immune response against these pathogens, 
causing sepsis [16]. Sepsis and neutropenia result in elevated TLR2 and TLR4 and 
further the pathogenesis described in Fig. 15.1.

Sepsis-related immunosuppression- Sepsis is a complex process. It includes 
severe immunosuppression of innate and adaptative immune systems even after 
recovery from disease. It includes functionally active cells such as neutrophils, mac-
rophages, monocytes, natural killer cells, dendritic cells, B and T lymphocytes. On 
the other side, sepsis induces complex immune dysfunction, including hyper inflam-
mation (release of inflammatory cytokines, IL-1, TNF and IL-17), complement acti-
vation, mitochondrial dysfunction, molecular alterations and homeostatic 
dysfunction [17].

Cancer-related immunosuppression- Cancer-specific onco-haematological ther-
apies are the most common cause of cancer-related immunosuppression, which lead 
to increased risk of infection and sepsis. Chemotherapy and radiotherapy used in the 
treatment of cancer decrease the phagocytic activity of monocytes and neutrophils 
by decreasing circulating counts and hindering the capacity of chemotaxis and 
phagocytosis [18]. The risk of infection and sepsis is directly associated with the 
duration and severity of neutropenia and monocytopenia [19]. Cytostatic chemo-
therapies mainly hamper the lymphocytes and NK cells, qualitatively and quantita-
tively. While other anti-lymphoproliferative drugs and monoclonal antibodies, e.g., 
fludarabine, rituximab, alemtuzumab, bendamustine, can cause B and/or T cell lym-
phopenia [20]. Corticosteroid use in cancer patients also increases the chances of 
immunosuppression. Similarly, treatment with HSCT delays the immune reconsti-
tution because of low cell diversity, altered lymphocyte function and persistent lym-
phopenia. In addition to these facts, chemotherapy and radiotherapy may impair 
other organ and tissue functions, limiting their capacity to deal with initial aggres-
sion [21].

Some haematological malignancies or solid metastatic tumours may involve the 
bone marrow and lead to cytopenia with or without the altered phagocytic activity 
of neutrophils and monocytes.

The two-way interaction between cancer and sepsis: There are similarities 
between the pathophysiological pathway of cancer and sepsis. Some cancer-related 
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conditions and a few unfavourable side effects of cancer drugs can present as sepsis 
and hinder the difference [22]. Remarkably, some haematological diseases like 
acute leukaemia or high-grade B-cell lymphoma may initially present as a multiple 
organ dysfunction using multiple pathways such as anatomical compression, direct 
infiltration of tissue by tumour cells, dysregulated coagulation and hemophagocytic 
lymphohistiocytosis [23]. Some anti-tumoral agents like monoclonal antibodies or 
all-trans-retinoic arsenic acid can stimulate acute systemic inflammatory syndrome 
that mimics sepsis [24]. The need of differentiating these entities is essential because 
the management of both entities is entirely different.
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Fig. 15.1 Pathophysiology of sepsis in cancer patients. TLR Toll like receptor, IL Interleukin, 
TNF Tumor necrotic factor, IFN Interferon
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There are some similarities in immune dysfunction induced by cancer and sepsis. 
It has been observed that immune defects caused by the infectious agent can help 
grow tumour cells.

Many studies support that sepsis may increase the risk of cancer [25]. On the 
other hand, some studies have proven that sepsis has anti-tumoral activity [26], and 
even sepsis may induce tumour suppression [27].

15.4  Risk Factor of Sepsis in Cancer Patients

Increased prevalence of sepsis in cancer patients, although is primarily due to 
immunosuppression caused by cancer, is multifactorial. Specific onco- 
haematological treatment, including chemotherapy and/or radiotherapy, induces 
immunosuppression. Invasive procedures like urinary catheters, long term central 
venous catheters and indwelling drainages raise the risk of infection. However, 
there is significant variation in the severity of immunosuppression in the cancer 
patients. Those with acute leukaemia are at higher risk of infection and sepsis due 
to the presence of prolonged and profound neutropenia [4], one of the major risk 
factors for sepsis and mortality in the cancer patients.

Cancer patients with neutropenia, monocytopenia, indwelling catheters, defect 
in cellular and humoral immunity, defective phagocytic function, impaired lympho-
cytic function, mucositis are an ideal target for the development of fungal infections 
[28]. Apart from these, some opportunistic viral infections lead to morbidity and 
mortality mainly in bone marrow transplant patients and haematological malignan-
cies [29].

Demographic and lifestyle risk factors are very similar to those of non-cancer 
patients who develop sepsis and include tobacco use, age more than 65 years, low- 
income level, poor dental hygiene and decreased level of exercise. Regional varia-
tion in the sepsis prevalence is also observed as a population from a defined 
geographical area has similar habits like tobacco use, patient income and comor-
bidities like diabetes or chronic obstructive pulmonary disease [30]. Patients with 
depression, anxiety or substance abuse have raised risk of developing sepsis.

In the patients of solid tumour, the most common underlying diseases which lead 
to sepsis are lung or gastrointestinal cancers, followed by other subtypes. In patients 
with solid cancers, the primary or metastatic cancer site primarily serves as the port 
of entry [4]. On the other hand, patients of multiple myeloma and hematopoietic 
stem cell transplant recipients (HSCT) are at a higher risk of sepsis than other hae-
matological malignancies [12]. HSCT patients with graft vs host disease (GVHD) 
are more prone to sepsis and death than non-HSCT recipients and patients without 
GVHD, reaching mortality rates as high as 55% [31].

Febrile neutropenia (FN) is a well-known complication, cropping up in 20–30% 
of solid tumour patients and 80% of haematological malignancies patients who 
receive chemotherapy, but only 20–30% of these will develop bacteraemia. In a 
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recent Brazilian study, it has been found that shock occurred in 3.2% of patients on 
the first day of FN, and early death occurred in 1.1% [32]. The leading cause for 
septic shock was bacterial infection due to Escherichia coli, Enterobacter species 
and Acinetobacter species.

Apart from this, one more critical risk factor associated with sepsis and septic 
shock in the patients who received radiotherapy and systemic chemotherapy is 
intestinal mucositis leading to disruption of the intestinal mucosal lining. Matrix 
metalloproteinase and release of pro-inflammatory cytokines trigger cellular and 
tissue death, resulting in ulceration in the intestinal mucosa and allow gut bacteria 
to enter from the intestinal tract causing bacteraemia and sepsis [33].

15.5  Etiology of Sepsis in Cancer Patients

The site for entry of organism is hardly described in the few series of sepsis in can-
cer. Infectious etiology associated with sepsis is described in Table 15.1. Rosolem 
et al. described the port of entry in 563 admitted cases of sepsis in ICU and found 
that most frequently sites are lung (44%) followed by abdomen (31%) and urinary 
tract (8%). 4% of patients had more than one site of entry for infectious agents [34]. 
Primary bloodstream infection has also been found to be common [35]. Mostly 

Table 15.1 Infectious etiology of sepsis in cancer patients
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gram-negative bacilli were responsible for sepsis, with E. coli (16%), P. aeruginosa 
(13%) and Klebsiella pneumonia (13%) being the commonest. Apart from bacteria, 
some fungal infections, viruses and protozoan are also associated with a severe 
infection in cancer patients [36]. Common organisms involved in causing sepsis in 
cancer patients are described in Table 15.2.

Table 15.2 Common pathological 
organisms causing sepsis in cancer 
patients

Gram negative bacteria
Escherichia coli
Klebsiella spp.
Enterobacteria
Pseudomonas aeruginosa
Acinetobacter
Proteus
Bacteroides fragilis
Gram positive bacteria
Staphylococcus aureus
Streptococcus
Enterococcus
Fungi
Candida
Histoplasma
Aspergillus
Fusarium
Scedosporium
Cryptococcus
Coccidiodomycosis
Virus
Varicella zoster virus
Herpes simplex virus
Cytomegalovirus
Respiratory syncytial virus
Adenovirus
Influenza virus
H1N1
West nile virus
Bocavirus
Norovirus
Protozoa
Entamoeba
Giardia
Cryptosporidium
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15.6  Diagnosis of Sepsis in Cancer Patients

Although challenging, it is essential to diagnose early and provide prompt treatment 
to the patient when sepsis is suspected. Complete clinical history with thorough 
clinical examination is essential for diagnosis. Symptoms of sepsis are wide- ranging 
and can vary in a different population of patients. They include but are not limited 
to fever, decreased intake, altered mental status, chest pain, cough, dyspnea, dys-
uria, vomiting, pain abdomen or diarrhoea. Most of the patients with sepsis can have 
tachycardia, tachypnea, alterations in body temperature, altered blood pressure, cel-
lulitis, infected catheters, changes in mental status, mottled skin or petechiae. 
Indications of decreased tissue perfusion include, but are not limited to, oliguria, 
altered mentation, delayed capillary refill, cool or clammy skin and extremities.

Clinical symptoms have minimal specificity, and initial bloodstream cultures 
mostly came out negative. Despite this, cultures from all the suspected sites before 
initiating empiric antimicrobial treatment are the mainstay of the diagnosis. Medical 
imaging like radiography, ultrasonography, computed tomography and radioisotope 
labelled imaging, including FDG-PET, can diagnose and monitor antimicrobial 
treatment response.

There should be a lookout on each patient elaborated medical history, sepsis risk 
factors and signs of sepsis after every cycle of radiotherapy or systemic chemo-
therapy and any other immunosuppressive therapy. The clinician should undertake 
a thorough general physical examination with systemic review including respira-
tory, gastrointestinal tract, neurological and cardiovascular system for a sign of 
infection. Any suspicion should be immediately evaluated for sepsis and provided 
early supportive care. In high-risk subjects, monitoring of sepsis and systemic 
inflammation should be framed at least weekly. Monitoring these patients should 
include clinical examination as blood pressure, heart rate, respiratory rate and blood 
oxygen level, and lab count of white blood cells.

It is not necessary that all patients with sepsis present with fever, although fever 
is the only sign of neutropenic sepsis. Cut off value to evaluate fever in neutropenic 
patients is if the patient has an oral temperature of 101° F or having a temperature 
of 100.4°F for at least 1 h or more. Patients who have sepsis without fever or hypo-
thermia have a higher mortality rate than those with a fever. Patients without fever 
should be evaluated for the other signs of sepsis-like altered cognitive status, heart 
arrhythmias or change in urine output.

The quick sequential sepsis-related organ failure assessment (qSOFA) can be 
used if sepsis is suspected. It includes a Glasgow coma scale of less than 13 or 
altered mental status, systolic blood pressure less than 100 mm Hg or less, respira-
tory rate is of more than 22 breaths per minute. If the score of qSOFA is two or 
more, then the patient ought to be evaluated with detailed SOFA score. It has been 
observed that the SOFA and qSOFA scores are instrumental in the identification and 
prediction of severity, complications and mortality of sepsis. Therefore, these clini-
cal scores should be applied to all cancer patients suspected of sepsis.

Lactate, procalcitonin and C-reactive protein levels should be tested. CRP levels 
of more than 17  mg/dL may be suggestive of sepsis. Levels of other laboratory 
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parameters include lactate level more than 4 mmol/L, leukopenia (WBC <4000/
mm3), leucocytosis (WBC >11,000/mm3), low platelet counts (<100,000/mm3), 
bilirubin (>4 mg/dL) and increase in creatinine (>0.5 mg/dL). The role of recently 
available biomarkers in the diagnosis of sepsis in cancer patients needs to be further 
elucidated.

15.7  Management of Sepsis in Cancer Patients

The “Surviving Sepsis Campaign” published by Lat I et al. in 2021 [37], an interna-
tional guideline, describes sepsis and septic shock management.

In the current age of antimicrobial resistance, a physician should evaluate some 
general considerations before starting empirical treatment for the sepsis-like pres-
ence of any risk factor for antibiotic resistance, previous history of infection with 
resistant pathogens, local epidemiological and resistance pattern of the bacteria 
according to the geographical area, hospital and ward and another patient dependent 
factor which can complicate the course of treatment, i.e. advanced age, systemic 
comorbidities, local infection or shock.

Urgent therapy with broad-spectrum anti-pseudomonal antibiotics with or with-
out another agent effective for both suspected microorganism and site of infection 
is recommended [38]. Figure 15.2 is the flowchart summarizing the management of 
sepsis in cancer patients.

The issue of benefit after adding short course aminoglycosides and the broad- 
spectrum antibiotic in severely ill patients remains unsettled. A meta-analysis and 
prospective observational cohort study of 648 ICU patients failed to establish this 
association. The study by Ong et al., which was mainly done on the immunocompe-
tent patients, was unable to prove speedy reversal of shock or increase 14 days sur-
vival by use of gentamycin along with broad-spectrum antimicrobial agents in 
sepsis. Surprisingly some previous studies have shown the beneficial role in improv-
ing 7 and 14 days mortality in the patients who received combination antibiotic 
therapy including aminoglycosides [39, 40]. In a prospective trial in 510 hospital-
ized patients with bacteraemia in connection with neutropenia due to haematologi-
cal malignancies, there was improved 30 days survival in the patients who received 
combination therapy [41]. Other studies also demonstrated similar findings [42, 43]. 
Short course of aminoglycoside and a broad-spectrum antimicrobial may help those 
with neutropenia in the setting of higher prevalence multidrug resistance.

The empirical use of antifungal medications in patients at higher risk of infection 
despite providing broad-spectrum antibiotics has reduced invasive fungal infection 
and morbidity and mortality associated with them. Amphotericin-B, Azoles 
(Voriconazole, Posaconazole) and Echinocandins (Caspofungin, Micafungin, 
Anidulafungin) are recommended in fungal infections in cancer patients. The anti-
fungal therapy should be continued during the period of neutropenia and until the 
manifestation of invasive aspergillosis have been entirely resolved or are reduced to 
residual scarring. Although with limited data, it has been proven that the response 
of liposomal amphotericin B is decreased by more than 20% in neutropenic patients 
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with invasive aspergillosis, compared to voriconazole, where response rates were 
similar in patients with or without neutropenia [44].

An alternative strategy for treating resistant bacteria is to give an extended or 
continuous infusion of beta-lactamase antibiotics to increase their pharmacokinetics 
activity [45]. Severe and critically ill patients have specific changes in their patho-
physiology, mainly as increased renal clearance and increased volume of distribu-
tion, making them a magnificent target for this strategy. Two meta-analyses have 
supported that prolonged antibiotic infusion can decrease mortality in critically ill 
patients [46, 47]. The pharmacokinetics of cancer patients with febrile neutropenia 
is considered like critically ill patients. Superior outcome of extended infusion in 
the patients with pneumonia have been observed.

Patients with solid organ malignancy, stem
cell transplant or acute leukaemias, on chemotherapy 

Clinical symptoms: Fever, cough with/without sputum, shortness of
breath, burning  micturition, vomiting, diarrhoea, abdominal pain, etc.

Clinical signs: Hyperthermia/hypothermia, Heart rate > 90/min,
Respiratory rate > 22/min, Blood Pressure < 100 mm Hg systolic

qSOFA scoring: >/= 2 suggestive of sepsis
1. Glasgow coma scale < 13

2. Blood pressure < 100 mm Hg systolic
3. Respiratory rate > 22 per minute

Laboratory parameters:
1. WBC count < 4000 or > 11000 / cumm

2. platelet count < 1,00,000 cumm
3. C-reactive protein > 17 mg/dl

4. Procalcitonin > 2SD above normal
5. Serum billirubin > 4 mg/dl

6. Serum creatinin > 0.5 mg/dl

Cultures have to be sent from suspected sites.

Imaging techniques maybe required to
localize site: Radiography, Ultrasonography, Computed

Tomography, FDG-PET

1st dose of antibiotic given
within one hour of onset of symptoms.

Broad-spectrum antipseudomonal antibiotic
+/- Aminoglycoside

After clinical recovery 
or 72 hours of 
afebrile period, 

antibiotics are stopped 
irrespective of the 
neutrophil count

lf organism is isolated,
organism specific

therapy is given for 
5 days.

In case of persistent 
fever in the absence

of clinical 
deterioration or

development of new
symptoms/signs, 

no need to
switch antibiotic therapy

In case of persistent 
fever > 4-7 days and 

absence of
a source of bacterial

infection, with 
neutropenia > 7 days:

Empiric antifungal
therapy and work up
for invasive fungal

infections

Fig. 15.2 Clinical evaluation and management of sepsis in cancer patients
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With antimicrobial resistance increasing exponentially, antimicrobial steward-
ship has had extreme significance in decreasing the use of antibiotics and decreasing 
the spread of antimicrobial resistance. De-escalation or discontinuation of antibiot-
ics in the initial few days after clinical improvement and resolution of infection and/
or if there is a paucity of evidence to continue should be the strategy. In a recent 
randomized clinical trial, it has been noticed to be safe to stop empirical antibiotic 
therapy in neutropenic haematological patients after clinical recovery or 72 h of 
being afebrile disregarding of neutrophil count [48].

The other recommended strategies to decrease the course of sepsis are manage-
ment of stress ulcers, infection-induced diabetes, adequate fluid management, 
appropriate choice of vasopressor agents in parallel with antimicrobial treat-
ment [49].

The need for ICU management in cancer patients has increased profoundly over 
the past years though overall mortality has decreased. Some salient changes in the 
comprehensive management of cancer patients in critical illness can be the crucial 
factor of this improved outcome. These factors include less threshold for admission 
in ICU and early treatment of organ dysfunction. Similarly, so-called predictors of 
mortality in cancer (neutropenia, second-line therapy, need of blood transfusion) are 
no more extended hurdles in the therapeutic approach. The improved alliance 
between oncologists and critical illness providers, using specific therapy for ICU 
setting, upgraded management of sepsis in neutropenic patients including source 
control, specific antimicrobial use with improved strategies are associated with a 
significant survival benefit.

15.8  Conclusion

Advanced stage of cancer, treatment of cancer, neutropenia in these patients and 
many more factors lead to increased incidence of sepsis and associated mortality. 
Hence early detection and management of cancer, trying immunotherapies to avoid/
reduce chemotherapy/radiotherapy whenever feasible and appropriate general care 
of these patients will help in reducing the incidence of sepsis in these patients. In 
spite of these sepsis and septic shock will continue to haunt cancer patients, and 
early detection and treatment will go long way in improving their survival chances.
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16Antibiotic Stewardship in Onco-Critical 
Patient

Ravi Jain, Monika Rajani, and Yash Javeri

16.1  Introduction

Antimicrobials are among one of the most crucial advances in the field of health-
care. These drugs are the mainstay of therapy in the management of infections 
and prompt initiation provides survival advantages in patients with sepsis and 
septic shock [1, 2]. Hence early and appropriate use has been promoted vigor-
ously in recent times as a standard of care in sepsis management [2]. However 
many studies report that majority of hospitalized patients were exposed to broad-
spectrum antimicrobials and this exposure is often unnecessary, suboptimal, and 
inadequate [3, 4]. these observations have also pointed out a significant scope of 
improvement in antimicrobial prescriptions and an urgent need for antimicrobial 
stewardship.

It is largely noticed that special patient populations (E.g. Cancer patients, immu-
nocompromised patients, anti-cancer therapy patients) were excluded from antimi-
crobial stewardship program (ASP) research. On the contrary, this special population 
should have been the most important groups for ASP. The last updated guidelines 
make ASP mandatory across the spectrum of health care. However, no specific rec-
ommendations were made for this subset of patients [4].
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Although basic stewardship tenets (pre-authorization, prospective audit and 
feedback) are applicable, there are novel aspects in caring for oncology patients. In 
the present chapter, we make an attempt to evaluate that aspect of care of cancer 
patients.

16.2  Evolution of the Concept of Antimicrobial Stewardship

As with any other medication, antimicrobials also have serious adverse reactions, 
and the development of antimicrobial resistance(AMR) is one such emerging and 
disturbing public health issue [5, 6]. This concern was first raised by Sir Alexander 
Flemming when he pointed out that ‘inappropriate use of Penicillin may lead to 
adaptation of bacteria against it’. [7] This was a reality soon after the discovery of 
penicillin when the first methicillin-resistant Staphylococcus Aureus (MRSA) iso-
late was discovered and reported in 1964 [8, 9]. During the following decades, sev-
eral reports of antimicrobial discoveries and emerging infectious microbes were 
published in the medical literature. The first time in a futuristic article in the year 
1996 it was finally identified that there is a causal relation between antimicrobial 
use and developing resistance and a robust large-scale method is urgently needed to 
address this problem [10]. “Stewardship” term was also coined in this context for 
the first time. This fight with microbes was a global crisis and the discovery of anti-
microbials was not able to keep pace with new and emerging resistance [11, 12]. 
Resistant infection in patients causes a high risk of mortality and at least two times 
higher cost implications in comparison to susceptible isolates infections [13]. In 
fact, inappropriate use of antimicrobials can have an adverse effect on the health of 
patients who were not even exposed to antimicrobials, because of the emergence of 
resistant infections at the community and institutional level and pose a significant 
threat to lives [4, 5]. Citing these emerging concerns the Society for Healthcare 
Epidemiology of America (SHEA) and Infectious Diseases Society of America 
(IDSA) released guidelines for the prevention of antimicrobial resistance in hospi-
tals [14]. Ten years later SHEA and IDSA formally adopted the “Antimicrobial 
Stewardship” term and released guidelines to develop Antimicrobial Stewardship 
programs (ASP) [15].

ASP formally described by IDSA, SHEA, and Pediatric infectious disease soci-
ety (PIDS) as “Coordinated interventions designed to improve and measure the 
appropriate use of antimicrobial agents by promoting the selection of the optimal 
antimicrobial drug regimen including dosing, duration of therapy, and route of 
administration.” [16] These societies strongly recommend the need for ASP at the 
institutional level and even advocate the need for a legislature for implementing 
ASP effectively. Last updated guidelines issued jointly by these societies for imple-
mentation of ASPs [4]. Similarly, ASP is strongly recommended in Joint Commission 
International (JCI) publication [17]. This document mandates ASP across all spec-
trum of healthcare, including cancer and transplant patients.
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16.3  Focus of Antimicrobial Stewardship 
in Oncology Patients

ASP interventions are challenging in immunocompromised, complex oncology 
context, because of difficulty in accurate diagnosis and higher than usual rates of 
invasive infections [18]. And for the same obvious reasons, patients with cancer 
have higher frequency of infection, and antibiotics exposure than the general popu-
lation. This leads to unusually high antimicrobial pressure on the patient’s own nor-
mal microbial flora and surrounding environment. In past several years this immense 
antimicrobial pressure have grown up and led to emergence of resistant MDR 
microbes and high prevalence of CDI [19–22]. Antimicrobial resistance warrants 
empirical higher antimicrobials which further increases selection pressure. This 
vicious cycle is ultimately responsible for higher length of stay in Intensive care 
units and poor outcomes [23].

There are several opportunities to reduce unnecessary antimicrobial use and 
hence universal goals of providing timely, efficacious and safe antimicrobials to 
treat infection and limiting ecological impact of antimicrobials is applicable to 
oncology patient’s population also [4, 23].

One interventional study demonstrated that antibiotics use, emergence of MDR 
organisms and clostridium difficile infections (CDI) emergence was reduced in can-
cer patients by adapting to ASP interventions with significant harm, and this ulti-
mately can boost patient’s health, and reduce medical cost and long term defects [24].

16.4  Summary of Core Elements 
of Antimicrobial Stewardship

CDC and IDSA have prescribed core elements that should be incorporated in insti-
tutional ASPs, a summary of these elements is provided in (Tables 16.1 and 16.2) 
[4, 25].

Apart from usual stewardship elements and interventions we could identify some 
specific elements related to stewardship in oncology patients. We shall elaborate on 
unique factors and interventions in practice of ASP for oncology patients.

16.5  Leadership Commitments

CDC guidelines for ASP suggest a crucial leadership commitment for implementa-
tion of the program. Extending the benefits of ASP to oncology patients is urgently 
needed [18]. The concept of ASP has been woven around the key role of Infectious 
disease expert and pharmacist; however integration of intensive care in leadership is 
vital in critical oncology patients for success of ASP.
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Table 16.2 Action implementation

Elements Summary
Priority 
interventions:

• Pre-authorization,
•  Prospective audit and feedback to limit the use, duration of 

restricted antibiotics, promote a prompt de-escalation
• Facility specific treatment guidelines

Clinical pathways: Mandatory selection of case definition and logical selection of 
antimicrobial, based on microbiology lab provided local antibiograms 
guidance

Provider-based 
interventions

• Antibiotics time outs
• Assessing drug allergy

Pharmacy-based 
interventions

• Documentation of indications for antibiotics
• Automatic changes from intravenous to oral antibiotic therapy
•  Dose adjustments: When needed, such as in cases of organ 

dysfunction, especially renal, or based on therapeutic drug monitoring
• Dose optimization
• Duplicative therapy alerts
• Time-sensitive automatic stop orders
• Detection and prevention of antibiotic-related drug-drug interactions

Microbiology based 
interventions

• Selective reporting of antimicrobial susceptibility testing results
• Comments in microbiology reports
•  Rapid diagnostics and testing for galactomannan and 1–3-beta- 

D- glucan for rapid bacterial and fungal diagnosis aids
Nursing based 
interventions

•  Optimizing microbiology cultures: a proper technique to reduce 
culture contaminations

• Intravenous to oral transitions
• Prompting antibiotic reviews (“timeouts”)

Table 16.1 Core elements of antibiotic stewardship [4, 25]

Core element Summary
Leadership 
commitment

To establish ASP, ensure close collaboration and adequate resource 
allocation for ASP, formulate strategy, and ensure feedback regulation

Accountability ASP leader and co-leaders responsibilities to ensure activities and 
functioning

Pharmacy expertise ASP trained physician and/or pharmacist to monitor the whole program
Action 
implementation

Interventions to promote appropriate antibiotics use (Table 2)

Tracking Regular interval audits of interventions and outcome measures
Antibiotics use measures: Maintaining and auditing pharmacy record 
systems data with benchmarks
Outcome measures: CDI rates, antibiotics resistance patterns
Process/quality measures: Compliance measures, preauthorization audits, 
adherence to local treatment guides

Reporting Provide key stewardship updates and antibiograms to physicians, 
pharmacists, nurses, other key stakeholders and administrations

Education One of the key components but not effective as an independent measure 
for stewardship
Implement robust infection control and preventive strategy
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16.6  Clinical Guidelines

ASP stakeholders and oncology clinicians should jointly develop clinical case defi-
nition based guidelines for a judicious approach towards an oncologic patient. 
Treatment pathways for febrile neutropenia, antifungal prophylaxis in neutropenia, 
cytomegalovirus treatment and prophylaxis guidance are few important clinical 
pathways.

Till date, data to support the above notion is not available and not studied in tri-
als, but some studies suggest that implementing such integrative antifungal steward-
ship programs for selection of appropriate therapy in accordance with existing 
guidelines, improved efficacy, impact, and reduce toxicity and cost [26–28]. One 
study showed significant cost saving when an internal protocol to switch from 
Echinocandin to Fluconazole was followed in 70.3% patients based on clinical and 
susceptibility criteria [29]. Complete adherence to guideline is rarely possible, but 
even partial adherence can give improve outcomes [30, 31]. A closed integrated 
group approach (between various specialties E.g. infectious disease, Intensive care 
leadership, clinical microbiology, oncology, stem cell transplant teams and phar-
macy) based guidance should be adopted for such a diverse group of patients who 
may have many mechanisms of immune paresis.

16.7  Antimicrobial Restriction

Antimicrobial restriction [pre authorization, prospective audit and feedback (PAF)] 
is one of the key components in ASP, and hence strongly recommended in IDSA 
guidelines [4]. Limited research data is available in this context as oncology patients 
are generally considered to be at high risk of resistant infections.

In a study ASP recommendations were able to reduce antimicrobial prescription 
(coefficient: −3.221; P = 0.039) during the intervention period, however consump-
tion for same increased (pre-intervention: 84.58 defined daily doses [DDDs]/100 
patient-days [PDs]; intervention: 102.52 DDDs/100 PDs) authors concluded that 
PAF implementation was based on culture reports and occurred at 72 h only [32]. 
Another study revealed decreased antimicrobial use (278 vs. 247 DDDs per 100 
PDs; P < 0.01). They didn’t noticed any differences in length of stay (LOS), in hos-
pital mortality, or CDI rates [33]. One study using multimodal approach with anti-
biotics restriction at 48  h for febrile neutropenia, found that vancomycin 
discontinuation was increased from 31% (31/100) pre-intervention to 70% (70/100) 
post-intervention (P < 0.0001) [34]. One study focusing on carbapenem restriction 
based on extensive education, consultation and computerized clinical decision sup-
port found decreased carbapenem use post interventions (78.43 vs. 67.43 days of 
therapy [DOTs]; P  =  0.018) demonstrating no differences in all-cause mortality 
(6.54 and 6.57 deaths per 1000 PDs; P = 0.926). However, reduction in resistance 
pattern was not observed during the study period [35].
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Paucity of data, for the role of preauthorization in oncology patients has probably 
resulted from a likely increased risk of delaying antibiotics and high risk of resistant 
infection in this subset of patients. Similarly data for PAF was also not evaluated in 
large studies, hence not rendered reliable and should be adopted with due cautions 
as more research in the subject matter is needed. However antimicrobial restriction 
post administration can be adopted and considered for future research [36].

16.8  Antimicrobial Cycling

This strategy involves deliberate change of antimicrobial strategy to other effective 
regimens and form a part of formulary management in ASP. However IDSA and 
SHEA guidelines couldn’t recommend it as an effective measure of Antimicrobial 
Stewardship due to conflicting data. A few studies demonstrated no change in mor-
tality and resistance patterns, however raised concerns regarding gram positive 
resistance [37, 38]. Another study demonstrated that cycling preserved antibiotics 
susceptibility of gram negative bacteria but had increased resistance in Enterococcus 
spp.Vancomycin and Ampicillin resistance among Enterococci [39]. hence with the 
lack of sufficient evidence this aspect of intervention will require further research.

16.9  Intravenous to Oral Conversion (IV to Oral)

Many transplant centers use Intravenous-to-oral antimicrobial strategy, helping 
reduce cost, hospital length-of-stays, and the need for intravenous catheters [40]. 
Hence now it is strongly recommended in clinical practice guidelines [4].

Reducing the burden of invasive access in oncology patients is certainly one of 
the most crucial steps toward infection control and hence it should be considered 
even more strongly in oncology patients.

16.10  Biologic Markers as Stewardship Tool

Procalcitonin is a biomarker used to determine risk of sepsis and used as a tool for 
de-escalation of antibiotics. A review which included at least 30 publications con-
cluded that due to limited production ability, delayed peak levels, and lower sensi-
tivity, procalcitonin is unlikely to benefit in management of empirical therapy in 
neutropenic fever patients [41]. However serial measurements can be of help in 
reducing duration of therapy, as in non neutropenic patients [42, 43].
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16.11  Stewardship of Antifungal Agents

Oncology patients, specifically neutropenic patients, are treated with prophylactic 
antifungal drugs during the high risk period, as they harbor a higher risk for devel-
oping invasive fungal infections(IFI) [44]. Many a times this prophylactic therapy is 
continued way beyond the high risk period and poses a significant threat for devel-
opment of resistant fungal infections and toxicity from drugs.

Rapid diagnostic modalities like biomarkers (E.g Galactomannan, (1–3)-b-D- 
glucan levels), rapid candida detection panel (T2 Biosystems Inc), and imaging 
modality may enhance ability to diagnose IFIs early [44].

Systematic and standardized implementation of these diagnostics modalities 
along with antifungal therapies can contribute to successful implementation of anti-
fungal stewardship. Some small studies indicated that ASP interventions can lead 
improvement in patient care and minimization of antifungal therapy use [45, 46].

16.12  Scope of Future Research

Literature search shows that most of the studies for stewardship in oncology patients 
are focused on institution specific clinical guidelines and further on de-escalation of 
antimicrobials. Hence even after there is enough proven benefits of stewardship 
interventions, there is still fair amount of scope exists for future research. Few spe-
cific recommendations have been enumerated in (Table 16.3). Key identified areas 
are diagnostic stewardship, pharmacological optimizations strategies and lastly 
audits feedbacks and application interventions.

Table 16.3 Scope of future research for antimicrobial stewardship in oncology patients

Diagnostic stewardship – Development of oncology specific antibiograms [47]
–  Procalcitonin based differentiation of bacterial sepsis and 

de-escalation in oncology subset of patients
– Rapid microbiological diagnostics and its impact

Pharmacological  
optimization

– Role for therapeutic drug monitoring of β-lactams
–  Safety of intravenous to oral switch of antibiotics in setting of 

bloodstream infections [48]
Prospective Audit, 
feedback, and application 
interventions

–  Differences between syndrome-specific and drug- targeted 
intervention [49].

– Safety of preauthorization strategy [50]
–  Implementing clinical guidelines of non neutropenic infectious 

diseases
– Antimicrobial Prophylaxis [51]
–  Oral Vancomycin prophylaxis for Clostridioides difficile 

infection [52, 53]

16 Antibiotic Stewardship in Onco-Critical Patient



178

16.13  Conclusions

• Early and appropriate antimicrobial therapy can be life saving for the oncology 
patients. However non judicious use of antimicrobials leads to serious individual, 
institutional and ecological consequences.

• Oncology patients provide us with many novel opportunities for antimicrobial 
stewardship practice.

• Even in this high risk subset of patients, Antimicrobial stewardship program 
(ASP) interventions applied with due cautions can yield reasonably successful 
outcomes.

• Before embarking upon stewardship interventions one must ensure contempo-
rary guidance for antimicrobial use in this subset of patients and also consider 
local pathogen flora and antibiograms.

• ASP in oncology patients requires a close interaction of infectious disease physi-
cians, pharmacist, oncologist, hematologist and other practitioners.

• Adequate research data is still lacking for ASP in this subset of patients.
• ASP along with a robust infection control program can render sustained positive 

effect in this subset of patients.
• Even after proven benefits to ASP in oncology patients, there is scope of signifi-

cant research and practice improvements.
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17Management of Fluids and Electrolytes 
in Onco-Critical Patient

Muhanad Aboud, Waiel Al-Moustadi, Virendra K. Arya, 
and Rajeev Chauhan

17.1  Introduction

Fluid and electrolyte abnormalities are a common manifestation in critically ill 
oncologic patients. Often these abnormalities are associated with either the underly-
ing disease itself or the therapeutics used during treatment. The critically ill patient 
often experiences alterations in absorption, distribution, and excretion of fluids and 
electrolytes. Significant complications can result from fluid and electrolyte imbal-
ances, and the severity of which parallels the magnitude of the underlying disorder.

Fluid and electrolyte derangements occurring acutely and rapidly are often asso-
ciated with increased symptoms and complications relative to chronically occurring 
abnormalities. Critically ill cancer patients often require frequent monitoring and 
evaluation of fluid status and serum electrolyte concentrations throughout their 
treatment, especially in an acute state. An actual example of an oncologic emer-
gency is tumour lysis syndrome (TLS). TLS most commonly occurs after initiation 
of cytotoxic chemotherapy; rapid breakdown of tumour cells leaves the patient in a 
metabolically chaotic state which requires immediate management [1].
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Drug-related complications do not only include tumour lysis syndrome; antican-
cer drugs cause many side effects that deteriorate a patient’s state; among them, 
electrolyte disturbances are relatively frequent and could be life-threatening if not 
recognized promptly and treated appropriately. Platinum-based chemotherapy used 
in lymphomas and various solid tumours are commonly associated with Fanconi’s 
syndrome, a rare disorder causing a generalized defect in reabsorption at the proxi-
mal renal tubules [2]. Vinca alkaloids and tyrosine kinase inhibitors cause hypona-
tremia [3]. Currently, an array of anticancer drug types are frequently prescribed; 
thus, recognizing the cause of electrolyte abnormalities is important when manag-
ing a critically ill oncologic patient. Table 17.1 summarises the fluid and electrolyte 
abnormalities induced by certain oncological conditions and anticancer drugs used 
to treat them.

Fluid overload is another challenge facing oncologic patients, and management 
of this complication is not always straightforward because many perpetrators can 
cause fluid retention. For example, differentiation syndrome in acute promyelocytic 
leukemia patients undergoing induction therapy causes fluid retention and renal 
failure, which consequently progresses to respiratory failure [4]. Fluid overload is 
also a complication for patients who may have undergone Allogenic Hematopoietic 

Table 17.1 Fluid and electrolyte anomalies in oncological conditions and anticancer therapy

Condition/drug
Electrolyte or fluid 
abnormality Mechanism

Tumour Lysis Syndrome Hyperkalemia
Hyperphosphatemia
Hypercalcemia
Hyperuricemia

Post cytotoxic chemotherapy 
initiation

Allogenic Hematopoietic 
Cell Transplantation

Fluid overload Veno-occlusive disease

Acute Promyelocytic 
Leukemia

Fluid retention/overload Differentiation Syndrome [induced 
by ATRA and ATO induction 
therapy]

Cisplatin and other Platinum 
based drugs

Hypomagnesmeia Gastrointestinal and renal loss

Hypocalcemia Hypomagnesemia mediated 
resistance to PTH

Hyponatremia SIADH
Hypokalemia Hypomagnesemia mediated renal 

loss
Cyclophosphamide Hyponatremia SIADH
Vincristine, Vinblastine Hyponatremia SIADH
Imatinib, Dasatinib, Axitinib, 
Nilotinib, Bosutinib

Hyponatremia SIADH

Axitinib Hypocalcemia Unknown
Dacomitinib, Afatinib, 
Erlotinib, and Gefitinib

Hypochloremia Diarrhea

SIADH syndrome of inappropriate antidiuretic hormone secretion, ATRA all-trans retinoic acid, 
ATO arsenic trioxide, PTH parathyroid hormone
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Cell Transplantation (AHSCT). Even though the survival rate in these patients has 
improved over time, a Veno-oclusive disease (VOD) may develop by which hepatic 
venules and sinusoids are narrowed or occluded; potentiating fluid overload that 
could ultimately lead to liver failure, ascites, progressive cardiac, pulmonary, and 
renal failure [5–7]. VOD occurs likely due to the post-transplantation regimens 
involving cyclophosphamide and alkylating agents such as busulfan [8, 9]. Fluid 
and electrolyte management is critical in these patients as the amount and rate of 
weight gain is directly correlated with mortality risk [10].This chapter aims to pres-
ent the contemporary evidence regarding the management of fluid and electrolyte 
abnormalities attributed to various oncologic emergencies.

17.2  Tumour Lysis Syndrome

Tumour Lysis Syndrome (TLS) is a constellation of metabolic derangement charac-
terized by the tetrad of hyperkalemia, hyperphosphatemia, hypercalcemia, and 
hyperuricemia [1]. TLS commonly occurs after cytotoxic chemotherapy initiation 
in patients with high-grade lymphomas and acute lymphoblastic leukemia (ALL) 
[1]. The clinical signs and symptoms of TLS reflect the underlying metabolic imbal-
ance. Malignant cells, for example, have a higher concentration of phosphorus, and 
thus hyperphosphatemia develops relative to the degree of tumour cell lysis [2].

The prevention of tumour lysis syndrome relies fundamentally on careful moni-
toring of fluids and hypouricemic therapy [3]. Exogenous sources of both potassium 
and calcium should be stopped to prevent further derangement of the metabolic 
imbalance. Urine output and volume status should also be closely monitored.

Hydration is the essential factor in preventing TLS. Intravenous crystalloid ther-
apy should be tailored to the individual patient. If the patient is hypovolemic or 
hyponatremic, isotonic saline solution should be the initial hydration fluid used [1]. 
Volume repletion is a critical factor in reducing the risk of TLS because it maintains 
both renal blood flow and urine flow, thus promoting urinary excretion of potas-
sium, phosphate, and uric acid [4]. Intravenous fluids should be started 24–48 h 
prior to induction therapy and should be twice the usual maintenance requirement 
to preserve urine output at 80–100 mL/m2/h. in adults [4]; 2 mL/kg h. for both pedi-
atric and adult patients and 4–6 mL/kg/h. if weight ≤10 kg [5].

Oncologic patients, particularly the elderly, may have underlying cardiovascular 
and renal diseases, that would limit volume expansion. This is of specific impor-
tance as pre-existing conditions may increase their risk of heart failure and volume 
overload [4]. A nephrologist should immediately evaluate patients who are unre-
sponsive to volume expansion efforts or with oliguria not due to volume depletion. 
This will help ascertain the potential presence of acute kidney injury and the most 
appropriate therapeutic options for the patient based on their volume status and 
clinical and laboratory parameters [4]. An evaluation is also beneficial in identifying 
the role of diuretic drug boluses or infusions and the potential benefit of changing a 
patient’s status from oliguric AKI to non-oliguric as a means of short-term manage-
ment before initiating renal replacement therapy [4].
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Sodium retention and hypertension are concomitant morbidities commonly seen 
in those receiving steroid therapy; thus, choosing the appropriate IV fluid solution 
is an essential component of management. Isotonic saline solution (5% dextrose) 
should be considered for patients on high-dose steroid therapy. In these patients, 
diuretics are not required if renal function is within the normal range [1]. Intravenous 
fluids should be continued until serum LDH levels return to normal or the tumour 
burden has resolved [1, 4]. In managing TLS, daily administration of IV crystalloids 
is 2–3 L/m2; this is dependent on the volume status of the patient and the presence 
of any comorbidities [1, 4]. Urine output, serum electrolytes (potassium, calcium, 
phosphorus), uric acid, and creatinine must be vigilantly monitored, especially in 
high-risk patients [1, 4].

17.3  Fluid Management in Veno-Occlusive Disease 
as a Consequence of Allogenic Hematopoietic 
Cell Transplantation

Allogenic hematopoietic cell transplantation (AHSCT) is a well-established treat-
ment for various hematologic disorders. Veno-occlusive disease (VOD), also 
referred to as a sinusoidal obstructive syndrome, is a potentially fatal complication 
associated with AHSCT and involves the desquamation of hepatic cells from the 
sinusoidal endothelium. These cells occlude the microvascular lamina and cause a 
pro-inflammatory response and subsequent collagen deposition in hepatic venules, 
potentiating the risk of liver failure, ascites, progressive cardiac, pulmonary, and 
renal failure [6–8]. Fluid overload is another consequence of VOD and commonly 
occurs during hospitalization for AHSCT. VOD presumably is due to the treatment 
itself. Early VOD usually occurs within the first 20 days post-transplantation in regi-
mens containing cyclophosphamide [9]. Late VOD may occur after myeloablative 
chemotherapy for more than 30 days. Typically, this form of therapy includes sev-
eral alkylating agents such as busulfan, melphalan, and thiotepa [10].

Diagnosing VOD is difficult primarily because it is challenging to differentiate 
VOD from severe sepsis, hemolysis, and Acute Graft versus Host Disease. Also, 
medications used during AHSCT treatment can cause cholestasis, which also mim-
ics the symptoms of VOD. These differentials should be excluded, and great care 
must be taken to correct fluid and electrolyte imbalances; because patients suffering 
from VOD inevitably have fluid overload [11].

The survival rate of AHSCT patients has gradually improved, significant fluid 
overload remains a frequent occurrence. Up to 20% of patients experience a weight 
gain of ≥20 percent of their baseline [12]. Rondón and colleagues found that this 
grade of fluid overload, when diagnosed by Day 30 post-transplantation, accounted 
for most non-relapse mortality and was the strongest predictor of non-relapse mor-
tality in AHSCT patients [12].

Treatment of VOD includes mainly supportive measures. Ascites is treated using 
a combination of sodium restriction, diuretics, and paracentesis [13]. Fluid manage-
ment should be adjusted to the patient’s baseline weight, especially during a state of 
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acute fluid overload [11]. Usually, patients experience a weight increase of roughly 
5% above their baseline [14]. Fluid and electrolyte management is critical in 
AHSCT patients as the amount and rate of weight gain due to fluid overload have 
been identified as predictors of high mortality risk [15]. Total fluid intake may need 
to be restricted to 50–75% of the normal maintenance fluids, and controlled diuresis 
may also prove to be critical in these patients [11].

Once veno-occlusive disease is diagnosed, diuresis may be indicated to restore 
euvolemia [11]. It is not uncommon for patients with VOD to have capillary leak 
syndrome (CLS), as this also plays a role in the pathophysiology of fluid overload 
seen in AHSCT patients [8]. In addition to the concurrence of capillary leak syn-
drome (CLS), VOD patients also have a “portal hypertension-like complication,” 
which further exacerbates peritoneal leakage [11]. In the instance that patients 
whose daily maintenance fluid requirements are met by blood product transfusions 
and medication volumes alone, diuresis may prove crucial in establishing euvolemia 
in these situations [11].

Mahadeo and colleagues suggest that an incremental approach to diuretic admin-
istration should be considered, and diuresis may be increased for scheduled diuresis 
or for continuous infusion for worsening fluid overload. Adjunctive therapy may 
include Chlorothiazide, Bumetanide, Metolazone, Spironolactone. In the event of 
abdominal compartment syndrome, paracentesis should be considered [11]. 
Restoration of a euvolemic state requires strict monitoring of fluid intake and urine 
output. Monitoring hemodynamic and renal function parameters is also imperative 
during diuresis. Patients who suffer worsening weight gain and fluid overload 
despite medical management, have uncontrolled electrolyte abnormalities, or those 
who have progressive oliguria/anuria should undergo renal replacement therapy. 
Lastly, continuous renal replacement therapy may be indicated in those patients 
with unremitting oliguria and worsening renal function [11].

17.4  Acute Promyelocytic Leukemia

All-trans retinoic acid (ATRA) has revolutionized the treatment outcomes of patients 
with Acute Promyelocytic Leukemia (APL). Not only did it increase the cure rate to 
over 80%, but it also decreased the induction mortality rate to less than 10% [16]. 
Further improvements to survival outcomes occurred after introducing arsenic tri-
oxide (ATO), resulting in a 95% complete remission rate and a 5-year disease-free 
survival rate of 96% [16]. Even though there has been significant progress, a small 
subset of patients (<5%) still experience early induction mortality or require admis-
sion to the intensive care unit during induction therapy [16]. A significant complica-
tion during APL induction therapy is Differentiation Syndrome (DS). A hallmark of 
DS is Fluid retention and renal failure, amongst other complications. Fluid overload 
due to IV fluid administration and transfusion of blood products has received little 
attention in the literature; this is alarming because the signs and symptoms of fluid 
overload can be subtle and often overlooked. Consequently, patients with fluid 
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overload can develop concomitant complications such as respiratory failure and 
require intensive observation [16].

A high total volume of transfusions and older age are the only factors associ-
ated with fluid overload during induction therapy [16]. For patients with weight 
gain or dyspnea due to DS, cautious diuresis is given as tolerated by their hemo-
dynamic and renal status. Approximately 87 percent of patients with DS require 
diuretic therapy; in some cases, this has led to rapid improvement [17]. In the 
PETHEMA protocols, furosemide is usually administered to treat signs or symp-
toms of fluid overload. Some cases with refractory acute renal failure and fluid 
overload may need renal replacement therapy. In patients at risk for fluid overload 
and high blood product requirements to control the coagulopathy, the use of cryo-
precipitate, fibrinogen concentrate, and other coagulation-factor concentrates like 
Prothrombin complex concentrate (factor II, VII, IX, X and proteins C & S) also 
called Octaplex or Beriplex instead of fresh-frozen plasma may be considered. 
These supportive measures are frequently needed in patients with severe DS rela-
tive to moderate DS. Moreover, many patients will develop prerenal failure and 
hypotension in the context of CLS. In these cases, careful fluids and vasopressor 
agents should be implemented in conjunction with empirical therapy with intrave-
nous antibiotics [17].

Temporary discontinuation of ATRA and ATO is indicated on APL patients expe-
riencing woxrsening clinical conditions or severe organ failure due to DS, such as 
those who develop renal failure or require admission into the ICU with respiratory 
distress. Otherwise, these agents could be maintained [17]. In a few cases, dexa-
methasone has successfully resolved early episodes of DS.  However, DS may 
relapse. In such cases, dexamethasone should be continued until the complete dis-
appearance of signs and symptoms, and then ATRA and ATO therapy should be 
resumed [17]. Otherwise, ATRA or ATO could be maintained unless a lack of 
response to dexamethasone is observed [17].

17.5  Anticancer Therapy Related Fluid 
and Electrolyte Abnormalities

Anticancer drug therapy is a staple of managing critically ill oncologic patients, but 
these drugs are frequently associated with electrolyte disorders, many of which can 
be fatal. Platinum chemotherapy, particularly cisplatin, is commonly associated 
with hypomagnesemia, hypokalemia, hypophosphatemia, hypocalcemia and hypo-
natremia [18]. These drugs also cause Fanconi’s syndrome (hypophosphatemia, 
aminoaciduria, hypouricemia, and glucosuria). Alkylating agents have been associ-
ated with hyponatremia due to SIADH. Vinca alkaloids also cause hyponatremia 
due to SIADH [19]. Tyrosine kinase inhibitors induce hyponatremia and hypophos-
phatemia. Thus, the prevention of electrolyte abnormalities would not only be a 
lifesaving decision, but it may also lead to a reduction in adverse events during the 
anticancer drug therapy itself.
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17.5.1  Platinum-Based Chemotherapy

Cisplatin, the model platinum agent, and its derivatives carboplatin and oxaliplatin 
have traditionally been first-line agents in treating numerous malignancies, includ-
ing lung, colorectal, bladder, breast, ovarian, and testicular cancers, among others. 
A side effect of these widely used drugs, particularly cisplatin, is low magnesium 
[20]. Magnesium loss occurs through two primary mechanisms, gastrointestinal and 
renal excretion [18]. It is relatively common for oncologic patients to have a mag-
nesium deficiency even in the absence of platinum therapy [21]; however, this 
symptom frequently goes undetected, making it difficult to manage. Serum magne-
sium concentration significantly influences the serum levels of other electrolytes 
such as calcium, potassium, and phosphate [22], suggesting that magnesium con-
centration plays a central role in electrolyte abnormalities in oncologic patients.

Traditionally, the National Cancer Institute (NCI) grading criteria have been the 
standard used in managing hypomagnesemia; however, measurement of serum lev-
els lacked accuracy [18]. Thus, the decision to treat hypomagnesemia should be 
based on clinical judgment, factoring in any comorbidities such as heart disease or 
diabetes, both of which may lead to dangerous arrhythmias. Clinicians should also 
factor in concomitant medications predisposing a patient to magnesium loss, such 
as diuretics, bisphosphates, beta-2 agonists, proton pump inhibitors, and steroids 
[18]. As previously stated, hypomagnesemia leads to other electrolyte abnormalities 
such as hypocalcaemia and hypokalemia; therefore, calcium and potassium levels 
should be measured as they are essential diagnostic clues to the presence of hypo-
magnesemia [18].

The two preferred repletion agents are intervenors magnesium sulphate (2–4 g) 
and magnesium oxide [23]. Additional oral preparations that may be used include 
magnesium sulphate, magnesium gluconate, and sustained-release preparations 
such as Slow-Mag and Mag-Table SR [18]. Oral replenishment of magnesium typi-
cally requires a daily dose of 400–800 mg, although a dose greater than 400 mg 
likely causes diarrhea, a magnesium loss mechanism due to excretion [18]. Patients 
in a critical state may require additional magnesium doses, especially in the pres-
ence of vomiting and diarrhea [18].

Interestingly, intravenous magnesium supplementation has been related to a sig-
nificantly decreased risk for cisplatin-induced nephrotoxicity. Even though hyper-
magnesemia (> 2.6  mg/dL) is a possible consequence of management, it is 
uncommon except in the setting of renal insufficiency, which is the most common 
acute toxicity of platinum-based drugs [18] Also, excess magnesium is efficiently 
excreted by the kidneys allowing for plasma levels to remain between 1.5 and 
2.1 mEq/L [18] In addition to hypomagnesemia, platinum agents have been known 
to cause other electrolyte abnormalities including, hypokalemia, hypocalcemia, and 
hypophosphatemia. Hypokalemia, hypocalcemia, and hypophosphatemia resulting 
from magnesium deficiency are considered together because their refractoriness to 
correction depends on correcting the magnesium imbalance [18]. Although renal 
potassium, calcium, and phosphate wasting may also occur independent of low 
magnesium due to platinum drug-related tubular damage [18].

17 Management of Fluids and Electrolytes in Onco-Critical Patient



190

17.5.2  Alkylating Agents

Alkylating agents are used in numerous treatments, including leukemias, lympho-
mas, and various solid tumours such as breast, ovaries, and small cell lung cancer. 
These agents have been reported to include the central release of ADH leading to 
hyponatremia [19]. Amongst the various alkylating agents, cyclophosphamide is the 
main culprit behind the development of hyponatremia. This occurs with high intra-
venous doses (30–50 mg/kg of cyclophosphamide). However, there are cases where 
hyponatremia was observed with lower doses (10–15 mg/kg) also. Cyclophosphamide 
is given with a high volume of hypotonic fluids to prevent hemorrhagic cystitis; this 
volume expansion further exacerbates the hyponatremia.

Hyponatremia can be associated with different volume states: hypovolemia, 
euvolemia or hypervolemia, and therefore an accurate assessment of the patient’s 
volume status is critical to determine the appropriate treatment strategy [24]. The 
management approach to hyponatremia depends mainly on its etiology (volume 
status), speed of onset (acute vs. chronic), and symptomatology. Hypovolemic 
hyponatremia should be treated with isotonic saline. In a state of acute hypona-
tremia, correction of sodium should not exceed 1–2 mmol/h. and 8 mmol/day on 
any given day of treatment. The aim should not be to normalize a patient’s sodium 
level entirely but instead, raise the concentration to a safe level (>120 mmol/L). 
After a safe level is reached, conservative management such as fluid restriction 
can be utilized. As for euvolemic or hypervolemia patients presenting with acute 
hyponatremia, hypertonic saline (3% normal saline) can be used in their manage-
ment [24, 25].

17.5.3  Vinca Alkaloids

Vincristine and, less frequently, vinblastine is associated with the occurrence of 
hyponatremia [19]. Vincristine is administered via intravenous infusion for use 
in various chemotherapeutic regimens. Vincristine is mainly used in the treat-
ment of non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, acute lymphoblastic 
leukemia (ALL) and nephroblastoma (Wilms tumour, a renal tumour common in 
children) [26].

Vinca Alkaloid drugs induce SIADH since they directly affect the neurohy-
pophysis and hypothalamic system [19]. The incidence of SIADH is 1.3/100,000 
treated patients with these agents (Hammond et al., 2002). However, the incidence 
of vincristine- related SIADH linked with hyponatremia is up to 44% when the 
drug is given with antifungal azoles (ketoconazole, itraconazole, posaconazole, 
and voriconazole). Clinicians should be aware that antifungal agents inhibit the 
metabolism of vincristine, leading to increased vincristine levels and neurotoxicity 
[19]. Treating Vincristine-associated SIADH is mainly based on fluid restriction 
supplemented with 3% hypertonic saline solution and diuresis with intravenous 
furosemide [26].
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17.5.4  Tyrosine Kinase Inhibitors

Imatinib, dasatinib, nilotinib, bosutinib and axitinib have been dose-dependently 
linked to hyponatremia. The primary underlying mechanism is the induction of 
SIADH.  Imatinib, apart from hyponatremia, can also induce hypophosphatemia 
through tubular damage and inappropriate phosphaturia. Another contributing fac-
tor to the occurrence of hypophosphatemia is secondary hyperparathyroidism due 
to diminished calcium levels.

Tyrosine kinase inhibitors (TKIs) targeting the epidermal growth factor receptor 
(EGFR) are common in the therapeutic armentarium of lung cancer today. Fluid 
management needs to be top of mind for patients on TKI EGFR therapy because one 
of the most common side effects observed during treatment is diarrhea. A possible 
case for this side-effect could be the TKI EGFR induced chloride secretion into the 
intestine lumen or impairment of the intestinal absorption. Consequently, this can 
perpetuate electrolyte losses, hypochloremia resulting in dehydration, acid-base 
imbalance, and extreme cases of renal insufficiency. Diarrhea associated with a 
molecularly targeted therapy appears mainly in the first 2 weeks of treatment [27].

During TKI EGFR treatment, diarrhea appears in 20–90% of patients. Most 
patients report Common Terminology Criteria for Adverse Events (CTCAE) grade 
1 or 2 diarrhea intensity, which may also develop fluid and electrolyte imbalances 
that may downgrade a patient’s quality of life over a long period. Clinicians should 
be mindful that not all tyrosine kinase inhibitor agents are created equal. It is essen-
tial to recognize that second-generation irreversible TKI EGFR agents such as 
dacomitinib and afatinib have a greater incidence of diarrhea regardless of the 
CTCAE grade. Phase III clinical trials have shown that these agents cause diarrhea 
in 70% of patients, 10% of which have CTCAE grade 3 or higher [27]. In patients 
being treated with reversible TKI EGFR agents (erlotinib and gefitinib), diarrhea 
was observed in 33–47%. Only 2% of patients suffered grade 3 or higher [28], sug-
gesting that patients on erlotinib and gefitinib may require less stringent fluid and 
electrolyte management.

Fluid and electrolyte management in these patients centers around reducing the 
onset and duration of diarrhea; this includes discontinuation of the offending agent. 
For example, 3% of patients treated with the irreversible TKI EGFR discontinued 
their therapy due to diarrhea [29]. In cases of CTCAE grades 1 and 2, Loperamide 
should be used at an initial dose of 4 mg, followed by 2 mg every 4 h. If diarrhea 
persists longer than 1 day, Loperamide may be given every 2 h. Loperamide should 
then be discontinued after 12 hours of the last episode of diarrhea.

Patients presenting with grade 3 or 4 diarrhea will require hospitalization, and 
parenteral fluid supplementation should be provided to prevent dehydration [27]. 
Loperamide use, like in those with CTCAE grade 1 and 2, is also indicated in more 
severe cases [27]. Furthermore, TKI EGFR therapy should be discontinued until 
symptoms regress to grade 1 or subside completely [27]. Then, TKI EGFR treat-
ment may be continued at the current or reduced dose. If severe diarrhea recurs, 
treatment may require a further dose reduction or temporary withdrawal of TKI 
EGFR therapy [27].
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17.6  Conclusion

Fluid and electrolyte disorders are a common complication befalling critically ill 
cancer patients. Apart from general principals of fluid and electrolyte therapy, 
timely recognition and management of these tumour and chemotherapy specific 
disorders are vital in the prevention of serious complications. Oncologic emergen-
cies are often diverse in their etiology and often manifest in acute settings. This 
chapter has outlined several significant complications and their appropriate man-
agement to achieve the desired goals of care. Without question, management of the 
critically ill oncologic patient is complex, and their treatment often includes restora-
tion of normal fluid status and electrolyte levels and a multidisciplinary team 
approach. Understanding the underlying cause for the specific chemical imbalance 
is essential for the clinician to establish an effective treatment plan. Moreover, clini-
cians should be aware that the administration of anticancer drugs comes with a high 
probability for the development of electrolyte abnormalities, and if not managed 
appropriately, these electrolyte derangements may prove to be harmful and, in many 
cases, fatal.
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18Transfusion Therapy: When to Give It 
and how to Minimize It

Prashant Sirohiya and Vinod Kumar

Change can be for good if you combine audacity with safety – Pedro Sánchez.

18.1 Introduction

From the discovery of the circulation system by William Harvey in the 1600s to the 
production of synthetic blood products in the laboratory, medical science has come 
a long way [1]. The ability to transfuse blood products to save lives is as important 
as the responsibility of safely transfusing it. As the demands of transfusion therapy 
are increasing day by day, various guidelines are being developed on choosing 
donors as well as indications and the art of administering products. Transfusion 
therapy aims to balance the risks of serious hemorrhages and decreased oxygen 
transport versus the complications of transfusion [2]. For clinicians to be able to 
make the right clinical decision about transfusion, they should be aware of the trans-
fusion immunobiology, complications, practical aspects as well as controversial 
areas which are still under research.

18.2  Blood Group Systems

All blood cells like red blood cells (RBC), Leukocytes, platelets, and plasma pro-
teins are antigenic and lead to the production of various alloantibodies which form 
the basis of various transfusion reactions. The antibodies against RBC antigens 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_18&domain=pdf
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(ABO antigens, Rhesus {Rh} antigens, H substance, etc.) lead to major hemolytic 
reactions. Alloantibodies against platelets, plasma proteins, and leukocytes can lead 
to various non-hemolytic reactions. Apart from the most important ABO blood 
group systems, thirty-six other RBC group systems which are known in the medical 
literature (e.g., Lewis, Duffy, Kell, etc.) [3, 4].

18.3  Pretransfusion Testing

The pretransfusion tests consist of various processes and tests that must be per-
formed before releasing any blood component and broadly consists of three 
tests: [5].

 1. Typing

Typing is used to determine the ABO and Rh phenotype of the recipient using the 
antisera against A, B, and Rh antigens.

 2. Screening

The screening process identifies any alloantibodies in the patient’s serum against 
other RBC antigens which can cause hemolysis.

 3. Cross-matching

Before the release of packed RBCs, the chosen donor Packed Red blood cells 
(PRBC) and the recipient’s serum is mixed to find out any potential antibodies 
against the PRBC unit which is potentially chosen to be transfused.

In case of an emergency or life-threatening bleeding, an O type, and Rh-negative 
blood can be released without pretransfusion testing. This decision is taken by 
assessing the clinical situation on a case-by-case basis.

18.4  Blood Components

Blood components are separated by centrifugation. The various characteristics and 
storage conditions of different blood components are summarized in Table 18.1 [6, 7].

18.4.1  Modified Blood Products

Blood products are modified to decrease the adverse reactions of transfusion.

 1. Leukocyte reduction

Leukocyte reduction decreases the risk of alloimmunization, febrile non-hemolytic 
reactions as well as transfusion-transmitted Cytomegalovirus transmission.

P. Sirohiya and V. Kumar
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 2. Irradiation

It inactivates T lymphocytes avoiding the ability to replicate in the marrow of the 
recipient and hence preventing graft versus host disease.

 3. Washing

Washing gets rid of plasma proteins which decrease the risk of a severe allergic 
reaction to plasma components.

 4. Pathogen inactivation

The lipid enveloped viruses are inactivated by solvent or detergent and nucleic acids 
are damaged hence making the blood product safer by eliminating infectious organ-
isms like Zika virus, malaria, etc.

18.5  Blood Products Administration

Before administering the blood products there are a few practical points that are to 
be followed for safe transfusion [8, 9].

 1. It is mandatory to take informed consent from the patient.
 2. The patient should be identified and the unit of blood to be transfused is manu-

ally checked.
 3. Adequate venous access should be taken before infusion. No pressure bags 

should be applied to push the blood.
 4. The blood components should be transfused through a 170–270-micron filter.
 5. If warming is required, the blood components should not be warmed more than 

40 °C to avoid hemolysis.
 6. Only 0.9 percent normal saline, albumin, or ABO compatible plasma should be 

administered through the same tubing. Avoid any medications or calcium- 
containing isotonic solutions.

 7. Use of any premedication is not recommended before transfusion.
 8. The patient should be monitored for any adverse effects or transfusion reactions.

18.6  Blood Transfusion Reactions and other Complications

The various transfusion reactions are classified in Table 18.2 [10–13].

18.7  Indications of Blood Transfusion in Oncology Patients

The indications of blood transfusion in oncology can be broadly divided into four 
scenarios [14, 15].
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Table 18.2 Complications of Blood Product Transfusion

Type of reaction Cause/ etiology Prevention
A Acute transfusion 

reactions (within 
24 h)

I Immunological 
reactions

Intravascular and 
extravascular 
hemolysis

Red cell incompatibility 
(antigen against RBCs)

Pre transfusion 
testing proper 
checking of 
products before 
transfusing

Allergic reactions Immunoglobulin E (IgE) 
antibody to donor plasma 
proteins

Washing

Febrile non- 
hemolytic 
reactions 
(FNHTR)

Alloantibodies to donor 
white blood cells (WBC), 
platelets
Cytokines in stored blood 
products

Leukocyte reduction

Transfusion- 
associated acute 
lung injury 
(TRALI)

Human leukocyte 
antibodies (HLA) or HNA 
(human neutrophil 
antibodies) in plasma of 
the donor

Leukoreduction
Avoid multiparous 
female donors
Washing of RBCs

II Non- 
immunological 
reactions

Transfusion- 
associated sepsis 
(TAS)

Bacterial contamination 
(mainly with platelets)

Visual inspection 
for bubbles or 
discoloration

Hypotensive 
transfusion 
reaction

Angiotensin-converting 
enzyme (ACE) inhibitors 
prevent degradation of 
bradykinin in recipient 
blood leading to 
hypotension

Withdraw ACE 
inhibitors

Air embolism From central or 
intravenous (IV) 
cannulation

Administration of 
blood products with 
caution via IV 
accesses

Transfusion- 
associated 
circulatory 
overload (TACO)

Fluid overload Slow blood 
transfusion in 
high-risk patients

Hypothermia Rapid transfusion of cold 
or frozen blood

Employ warmer no 
more than 39 (°C)

Hyperkalemia Massive transfusion
Potassium accumulation 
in stored blood

Washing
Using fresh blood

Citrate toxicity/
hypocalcemia

Rapid transfusion of 
citrated blood

Slow transfusion

Non-immune 
hemolysis

Physical or chemical 
destruction of stored blood 
(heating, freezing)

Use fresh blood
Avoid using 
warmers or excess 
freezing

(continued)
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 1. A perioperative oncology patient with curative intent
 2. Anemia in a patient with hematological or solid organ malignancy with cura-

tive intent
 3. Acute massive hemorrhage/emergency
 4. Chronic severe anemia in a patient with palliative intent of care

18.7.1  Causes of Anemia in Cancer Patients

 1. Intra-tumoral bleeding, intraluminal bleeding, generalized bleeding
 2. Anemia due to chronic inflammation, nutritional deficiencies
 3. Hemolysis, Disseminated Intravascular Coagulation (DIC)
 4. Hematological malignancy
 5. Anemia due to chemotherapy and radiation therapy
 6. Perioperative blood loss

18.7.2  Causes of Thrombocytopenia and Coagulopathy 
in Cancer Patients

 1. Chemotherapy and radiotherapy
 2. Hematological malignancy
 3. DIC

Table 18.2 (continued)

Type of reaction Cause/ etiology Prevention
B Delayed 

transfusion 
reactions

I Immunological 
reactions

Delayed 
hemolytic and 
serologic 
reactions

Immunoglobulin G (IgG) 
antibodies against red cell 
antigens

Transfuse 
compatible RBCs

Transfusion- 
associated graft 
versus host 
disease 
(TA-GVHD)

Donor lymphocytes 
engraft in marrow and 
attack on host tissues

Irradiation

Post transfusion 
purpura

Alloantibody against 
platelet antigens

–

II Non- 
immunological 
reactions

Iron overload Multiple chronic 
transfusions

–

Transfusion 
transmitted 
diseases

Various blood transmitted 
infections

Pathogen activation
Testing for diseases 
in blood products
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18.8  Guidelines and Controversies

There are various guidelines on recommendations and indications of various blood 
components. The guidelines and recommendations are summarized in Table 18.3: 
[16–19].

18.9  Massive Blood Transfusion Protocols in Cancer Patients

Massive transfusion is defined as transfusion of ten or more units of PRBCs in 24 h 
or five or more units in 3 h or four units in one hour with ongoing blood loss of more 
than 150 ml/min [20, 21]. While the majority of guidelines for massive transfusion 
are based on the management of hemorrhage in the setting of acute trauma, oncol-
ogy patients can have a massive hemorrhage in perioperative settings or after che-
motherapy. A massive transfusion protocol (MTP) should be established locally as 
per blood bank capabilities. Setting an institutional protocol as well as goals of 
resuscitation for massive transfusion is important because it leads to various trans-
fusion complications like hyperkalemia, coagulopathy, hypocalcemia, hypothermia, 
and metabolic alkalosis. The 1:1:1 ratio blood component (the damage control 
approach) is recommended in trauma patients although the exact ratio in oncology 
patients is still controversial [22]. The coagulation system should be frequently 
monitored during the activation of MTP. Various point-of-care viscoelastic tests like 
thromboelastography (TEG), Rotational thromboelastometry (ROTEM) can be 
used for the same [23].

Table 18.3 Guidelines for Blood Product Transfusion

Guidelines Component Recommendations
AABB practice guidelines for 
RBC transfusion and storage 
2016

RBCs Hospitalized stable anemia – 7 g/dL
Patient undergoing major surgery- 8 g/dL
Patient with history of cardiovascular disease- 
8 g/dL
Patient with ACS (acute coronary syndrome) or 
transfusion-dependent anemia- clinical decision

AABB practice guidelines for 
platelet transfusion 2015
ASCO guidelines for platelet 
transfusion in patients with 
cancer 2018

Platelets Patient with hematological malignancy, 
undergoing stem cell transplant, solid tumors 
<10,000/microL
Lumbar puncture, major surgery<50,000/
microL
Bone marrow aspiration and biopsies, insertion 
and removal of central venous catheters 
<20,000/microL

Evidence-based guidelines on 
plasma transfusion 2010

Plasma Bleeding patients with coagulation deficiencies
Massive transfusion protocol
Guidelines based on strong recommendations 
are still not available

18 Transfusion Therapy: When to Give It and how to Minimize It
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18.10  Alternatives to Transfusion

The term Patient Blood Management (PBM) was first used in 2005 by Professor 
James Isbister, an Australian hematologist. PBM is a multimodal, multidisciplinary 
patient-centered strategy aimed at minimizing the use of blood products and improv-
ing patient outcomes. PBM has three main objectives: (1) improving cell production 
in the body (2) minimizing blood loss (3) optimizing the tolerance of anemia by 
promoting maximum pulmonary and cardiac function and the use of a restrictive 
transfusion threshold. PBM aims to adopt alternative options to decrease transfu-
sion requirements in patients [24].

There are various alternatives to minimize transfusions which will be summa-
rized below.

 1. Modifications of transfusion Thresholds
The decision to transfuse is should be clinical and on a case-by-case basis.  
The restrictive strategy of transfusion is supported lately in the literature. The 
higher thresholds or triggers are supported for blood products by 
the American Association of Blood Banks (AABB).

The threshold for RBCs is <7 g/dl and may be lower for patients with the 
acute coronary syndrome (ACS) but the latest randomized controlled trial sug-
gests restricted therapy even for ACS patients.

The threshold for platelets is less than 10,000 even for oncology patients as 
suggested by the American Society of Clinical Oncology (ASCO) guidelines.

Plasma transfusion is guided by laboratory values of international normalized 
ratio (INR) > 1.5 though many point-of-care testing like visco-elastic tests may 
be used for a goal-directed approach.

 2. Improving cell production
Asymptomatic anemia due to chronic inflammatory processes in oncology 
patients can be corrected by Iron, folate, and vitamin B12 supplementation.

Erythropoietin stimulating agents (ESAs) can be used in adjusted doses with 
caution in oncology patients to increase hemoglobin production. However, ESAs 
might have some side effects like increased thrombotic incidents, stroke, and 
tumor progression or recurrence. Whether ESAs cause tumor progression is still 
controversial. Granulocyte colony-stimulating factors may be offered to criti-
cally ill patients with neutropenia to increase leukocyte production.

 3. Minimizing blood loss
Antifibrinolytics (Epsilon-aminocaproic acid, tranexamic acid), desmopressin, 
recombinant coagulation factors (prothrombin complex concentrates), vitamin 
K and topical fibrin sealants are various pharmacological options that can be 
used instead of blood products to decrease blood loss. All these agents increase 
the risk of thrombosis. Cancer is a procoagulant state and there are no specific 
guidelines that mention specific indications, amount, and risk of thrombosis in 
oncology patients. The risk of thrombosis has to be balanced with the risk of 
bleeding before prescribing these agents.
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 4. Maximizing tolerance of anemia
Tolerance of anemia can be increased by decreasing oxygen demand by sedation 
as well as supplementing oxygen. The concept of using synthetic blood for 
increasing oxygen-carrying capacity is very alluring but still under research and 
no product is available on market till now.

 5. Extracorporeal techniques of blood conservation
Various techniques can be used for intraoperative blood conservation if the 
patient undergoes some major surgical procedure with anticipated blood loss 
>1000 ml. Intraoperative cell salvage (ICS) is a method of separating, washing, 
and centrifuging (concentrating) blood aspirated from the surgical field and 
mixed with an anticoagulant. The result is a salvaged red blood cell (RBC) prod-
uct with a Hemoglobin >17 g/dL. This autologous blood can be re-transfused. 
Postoperatively also the blood can be salvaged from drains and transfused. Acute 
normovolemic hemodilution (ANH) involves the removal of blood (shortly after 
induction of anesthesia, with the maintenance of normovolemia using crystalloid 
and/or colloid replacement fluid. The aim is to decrease hemoglobin (Hgb) con-
centration during the period when most surgical blood loss is occurring, thereby 
minimizing the effects of loss of red blood cells (RBCs) and then Reinfusing the 
patient’s own fresh whole blood when it is needed during or shortly after the 
surgical procedure.

 6. Other Measures
Preoperative autologous blood donation, avoidance of hypothermia to avoid 
coagulopathy, and minimizing phlebotomies are other measures of minimizing 
blood loss and transfusions [25].

18.11  Conclusion

Cancer patients often require blood transfusion therapy during the course of their 
illness. The decision for transfusion of blood products should be based on correct 
physiological knowledge and principles, and an assessment of the patient’s risk fac-
tors. Safe transfusion practices must be chosen to ensure good outcomes in these 
patients.
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19.1  Introduction

Non communicable diseases estimated to be cause for 63% of deaths, in India and 
cancer was one of the leading cause [1]. The number of patients with cancer in India 
is 1.3 million for the year 2020 (as calculated from hospital-based cancer registries) 
and the common 5 leading sites are breast, lung, mouth, cervix uteri, and tongue [1]. 
Prevalence of Malnutrition in Oncology (PreMiO) study identified nutritional 
impairment of 51% in patients coming for first medical oncology visit [2].

Timely identification of malnutrition in patients with malignancy is important as 
it helps in early intervention by nutrition supplementation which improves patient 
outcome. These patients usually present with classic signs of malnutrition like 
weight loss along with wasting of muscle and fat, leading to higher mortality and 
morbidity. So, if such patients get admitted to critical care unit, early initiation of 
feeding, increased nutritional needs to meet the higher goals and demands, compli-
cations of feeding should be taken care well to have best patient outcome and 
survival.

19.2  Goals of Nutrition in Malignancy

As malignancy itself a catabolic state, which is aggravated during an acute critical 
illness, goals of nutrition lies in identifying patients at risk or who have already 
developed malnutrition and optimizing nutrition with appropriate intervention, pro-
moting early recovery and shorter hospitalization, improves survival, wound 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_19&domain=pdf
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healing, muscle mass, immune function, gastrointestinal function, skeletal growth 
in children [3].

19.3  Effect of Nutrition on Clinical 
and Oncological Outcomes

Critical illness is associated with weight loss, cachexia, sarcopenia, increased cata-
bolic response, stress due to changes in hormonal milieu and cytokine storm (sys-
temic inflammation) following major physiological insults [4] which is exacerbated 
during malignancy. This increased metabolic response is followed by tissue healing 
phase. Both these phases lead to increased nutritional requirements. Malignancy 
perse is a hypermetabolic state that further increases nutritional requirements. So, 
early initiation of nutritional therapy (enteral preferred than parenteral) reduces 
harmful deleterious effects of patients hyperdynamic responses, reduces complica-
tions, decreases mortality and the length of stay [5].

19.4  Importance of Nutrition in Malignancy

The risk of malnutrition and its severity are affected by the tumor type, stage of 
disease and the antineoplastic therapy used [6]. Intensivist face various challenges 
in replacing nutrition in critical ill patient due to unstable hemodynamics, poor 
acceptance of feeds, malabsorption, communication gap, aspiration risk etc. [7]. 
Patients with malignancy adds to the above risk due to increased demands, loss of 
weight, massive bowel resection, perioperative nil per oral situation and nutritive 
needs are poorly understood.

Nutrition is an important factor in determining tolerance, morbidity and out-
comes associated with specific treatment for malignancy [4]. Old age, chronic ill-
ness (inflammation), loss of appetite, nausea and vomiting, decreased oral intake, 
fatigue, chronic starvation & less care by relatives, utilization by cancer cells, che-
motherapy & vomiting, coexisting illness are usually associated with malignancy. 
So, identification of those with preexisting malnutrition and persons at risk of devel-
oping it is crucial so that nutritional interventions can be implemented to prevent 
developing or worsening of malnutrition in high risk cases [4] artificial nutrition is 
indicated if patients are not able to take orally [8] Cancer cachexia [9] defined by 
ongoing loss of skeletal muscle mass (with or without loss of fat mass) that cannot 
be fully reversed by conventional nutritional support and leads to progressive func-
tional impairment.
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19.5  Definition and Risk Assessment Tools for Nutrition

As per ASPEN guidelines nutrition is defined as “An acute, subacute or chronic 
state of nutrition, in which a combination of varying degrees of overnutrition or 
undernutrition with or without inflammatory activity have led to a change in body 
composition and diminished function”.

Clinically nutritional risk can be assessed by acute weight loss, muscle bulk, skin 
thickness in posterior arm, BMI and lean body weight.

Various commonly used scoring systems that help in objective assessment of 
nutrition include

• Nutrition Risk Score (NRS 2002) [10], involves BMI, weight loss, dietary intake, 
and severity of illness scored from 0 to 3 with increasing severity

• NUTRIC Score [11], includes 6 variables -age, APACHE II, SOFA, comorbidi-
ties, IL 6 levels, days from hospital to ICU admission. High scores [6–9, 12] 
associated with worse clinical outcomes and low score (0–5) with low malnutri-
tion risk

Some validated screening tools specific for oncological population [4], however less 
commonly used clinically:

• Malnutrition screening tool (MST), involving weight loss and change in appetite 
(both inpatients and outpatients)

• Malnutrition screening tool for cancer patients (MSTC), involves change in 
dietary intake, weight loss, performance status, BMI (only inpatients)

• Patient-Generated Subjective global assessment (PG-SGA) focusing weight, 
food intake, nutrition-related symptoms, function & activities

• Malnutrition Universal screening tool (MUST), includes BMI, unintentional 
weight loss >5%, reduced oral intake (only for inpatients).

• Mini Nutritional Assessment (MNA),
• Mini Nutritional Assessment—Short Form (MNA-SF)

None of the above scoring systems accurately assess patients the nutritional require-
ments [13], so nutritional requirements should always be individualized and patient 
specific nutritional plan is made.

Nutrition therapy: provision of either enteral nutrition (by enteral access 
device), and or parenteral nutrition (by central venous access).

Standard therapy: provision of intravenous fluids, no enteral or parenteral 
nutrition.

19 Nutrition in Oncology ICU
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19.6  Components of Nutritional Therapy and Daily 
Requirements Calculation

Indirect calorimetry: The best method in determining energy needs in critically ill is 
Indirect calorimetry [14]. In its absence, weight-based equation of 25-30 kcal/kg/
day used to determine energy requirements, 1.2–2 gm/kg/day for proteins can be 
used [15].

Resting energy expenditure(kcal/day) [16] = ((3.9×VO2) +  (1.1×VCO2)-61)× 
1440.

Substrate requirement for a normal adult patient:

• Carbohydrates—70% of caloric requirements.
• Proteins—1–1.5 gm/kg/day.
• Lipids—30% of energy requirements.
• Fluids—30 ml/kg + replacement of abnormal loses.
• Vitamins and micronutrients if needed.
• Note: requirements should be individualized.

Parenteral and Enteral Nutrition

PARENTERAL NUTRITION

Feeding intravenously,
bypassing the usual
process of eating
and digestion.

A

B

Feeding through

Feeding through

the central vein

peripheral veins

ENTERAL NUTRITION
Liquid supplemental
nutrition is either taken
by mouth or is given
via a feeding tube.

Nasal or oral feeding tube
terminates at, either:

C

D

E

F

G

Stomach (Nasogastric)

Duodenum (Nasoduodenal)

Jejunum (Nasojejunal)

Feeding tube that leads
though an artificial external
opening into the stomach
(Gastrostomy)

Feeding tube that leads
though an artificial external
opening into the small
intestine (Jejunostomy)

Jejunum

Stomach

Duodenum

Heart

Fig. 19.1 Various routes of nutritional therapy [17]
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19.7  Routes of Administration (Fig. 19.1)

19.7.1  Enteral Nutrition

Nutrition therapy in the form of early enteral nutrition is the preferred form and 
should be initiated within 24–48  h in a critically ill patient unless contraindi-
cated [18].

Providing nutrition via a tube, catheter, or stoma delivering nutrients to GI tract 
distal to oral cavity.

Advantages:

• More physiological,
• less invasive and less costly.
• lower hyperglycemia risk and blunt hyperdynamic response.
• improved nitrogen balance,
• improved wound healing,
• maintenance of gut integrity.
• Reduced infective complications specifically central line associated infections 

and pneumonia.

Disadvantages:

• Requires functional GI tract.
• Increased risk of gut related complication.
• May need more time to reach goal calories.
• Avoided in patients with hemodynamic instability requiring high vasopressor 

support/inadequately resuscitated, severe diarrhea, and enteral nutritional 
intolerance.

Complications:

• Pulmonary aspiration.
• Diarrhea.
• Hyper/hypoglycemia.
• Dyselectrolytemia.
• Hyperhydration.
• Dumping syndrome.
• Refeeding syndrome.

Even though high fat/low carbohydrate formulations reduce co2 production, still it’s 
not recommended as per recent study results.

Dosing of enteral nutrition-

• Energy needs: http://www.surgicalcriticalcare.net/Guidelines/ICU%20nutri-
tion%202017.pdf – couldnt quote reference
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 – Normal adult: 25 kcal/kg/day.
 – Cancer: Inactive, non ambulatory: 25–30.

Weight gain, nutritional repletion: 30–35.
Hypermetabolic, stressed: 35

• Protein needs:
 – Normal adult: 0.8–1.2 gm/kg/day.
 – Cancer: 1.2–2 gm/kg/day.

Composition of enteral nutrition:

• Caloric density: 1–2 kcal/L of feeding solution.
• Osmolality: 280–1100 mosm/kg H2O.
• Protein: 35–40 gm/L of feeding solution.
• Lipids: long chain triglycerides derived from vegetable oil.
• Fiber content.

The enteral feed need to be modified as per need (Table 19.1).
Key points in enteral nutrition:

• Polymeric feeds (whole protein) and Soluble fiber are preferred
• Fluid restricted, calorically dense formulations considered in acute respiratory 

failure without hypernatremia
• No change in protein intake in case of AKI
• Periodic glucose monitoring in diabetic patients
• Standard enteral formulations should be used in acute and chronic liver disease

Tolerance of enteral nutrition should be monitored daily (passage of flatus, stool, 
absence of abdominal pain or abdominal distension), and avoid inappropriate cessa-
tion of enteral nutrition. Withhold enteral feeds in case of vomiting, abdominal 

Table 19.1 Commercially prepared enteral feeds [19]

Polymeric feeds Elemental feeds Disease specific feeds
•  Suitable for those with a 

normal or near normally 
functioning bowel.

•  Contain whole protein as the 
nitrogen source—Most 
provide 500 g/l of nitrogen 
and energy of 1 kcal/ml,

•  Commonly used commercial 
feeds are now clinically 
lactose and gluten-free and 
contain enough vitamins, trace 
elements, and essential fatty 
acids to prevent deficiencies.

•  Contain either pure amino 
acids or predigested protein 
and provide oligopeptides 
and amino acids.

•  Taste unpleasant and are 
relatively expensive,

•  Unless there is extensive 
impairment of 
gastrointestinal digestive 
and absorptive functions, 
they appear to offer little 
additional benefit.

•  Used in severely ill 
patients, such as those 
with multiple burns or 
trauma, respiratory 
failure, advanced 
cirrhosis, or acute renal 
failure.

•  Renal specific diets can 
be useful in chronic 
renal failure.

•  Little part in long term 
enteral nutrition.
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distension, high NG output, high gastric residual volume, abdominal radiographs 
suggestive of obstruction.

Trophic feeding [20] (10–20 kcal/hr. or up to 500 kcal/day) can be tried in case 
of bowel intolerance instead of stopping enteral feeds completely.

Absolute contraindications for enteral feeds include intestinal perforation, isch-
emia and obstruction.

Gastric residual volume, not a part of routine care to monitor enteral nutrition 
(either for initiation or for stopping) [21]. In patients with high risk of aspiration- 
post pyloric enteral feeding, continuous infusion (preferred than intermittent 
boluses), head end elevation, prokinetic agents (metoclopramide or erythromycin) 
can be helpful in such situations. The feed can be given via oral cavity, nasogastric 
tube and gastrostomy. (Table 19.2).

Other modes of enteral nutrition include: nasogastric, naso jejunal, percutaneous 
endoscopic gastrostomy, percutaneous endoscopic jejunostomy, radiologically 
inserted gastrostomy, surgical gastrostomy/jejunostomy.

19.8  Parenteral Nutrition

Providing nutrition via central or peripheral intravenous access.
Indications:

• Short term: interactable vomiting,
 – non-compliant to enteral nutrition.

• Long term: inflammatory bowel resection,
 – radiation enteritis,

Table 19.2 Gastrostomy versus nasogastric tube versus oral support

Oral feeding Nasogastric feeding Gastrostomy
Duration of 
feeding

Longer Shorter Longer (>4 weeks)

Indications Early stages of any 
systemic 
malignancies, no risk 
of aspiration

Any esophageal or head and 
neck malignancy with 
reduced mouth opening or 
difficulty in swallowing,

Esophageal stenosis, 
after esophageal 
resections

Advantages More physiological
Less risk of infection
Less invasive

Less invasive compared to 
gastrostomy, easy to insert, 
useful in intubated patients

Useful in intubated 
patients, less risk of 
aspiration, less tube 
displacement

Disadvantages Loss of taste, not 
possible in intubated 
patients, risk of 
aspiration if GCS 
poor

Tip of tube position to be 
confirmed every time after 
placement, prone for tube 
blockade, mucositis, 
ulceration, esophagitis or 
esophageal perforation

High cost [22], 
invasive technique, 
need special person 
for insertion, risk of 
infection
Need trained care 
giver
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 – chronic malabsorption.

Components: dextrose, amino acids (50% essential & 50% non-essential/semi 
essential amino acids), lipids, electrolytes, minerals and trace elements [23]. 
Composition varies with various preparation.

Complications: catheter related infections, carbohydrate related (hyperglycemia, 
fatty liver), lipid related (oxidation induced cell injury), GI complications (mucosal 
atrophy & acalculous cholecystitis), volume overload, and other metabolic 
complications.

Refeeding syndrome: can occur in both enteral and parenteral nutrition. Patients 
who had very little nutritional intake for >5 days are at risk of refeeding syndrome 
[23]. Metabolic derangements and clinical symptoms due to fluid shifts and electro-
lyte imbalance in already malnourished patient. Characterized by low phosphate, 
low magnesium, low potassium, low sodium deranged sugars and water imbalance. 
Can also be associated with respiratory, cardiac, and neuromuscular complications. 
NICE guidelines recommend commencing nutritional support at 50% of estimated 
energy requirements for 2 days in patients at risk of refeeding syndrome, thereafter 
increasing by 200–400  kcal every day [24] and close monitoring of electro-
lytes needed.

19.8.1  Assessment of Adequacy of Nutrition

Commonly assessed by nutrition-related health indicators, nutritional intake, and 
energy expenditure [25]. Nutrition-related health indicators include body mass 
index (BMI) and serum levels of albumin, prealbumin, hemoglobin, magnesium, 
and phosphorus. Serum albumin is most commonly used substance to assess protein 
nutritional status. Low levels of albumin reflects both nutritional status and pro-
longed physiological stress associated with the critical illness. Conversely, however, 
Gluck [26] found that albumin levels were not predictive of weaning success.

Nutritional adequacy [27] was defined as energy intake (kilocalories received on 
the basis of physician’ orders) divided by energy required (determined by indirect 
calorimetry or physician orders).

Resting energy demand usually calculated by Harris-Benedict equation based on 
weight, height and age of the patient. But these formulas have unpredictable errors 
when used to estimate energy demand in individual subjects [28]. The recom-
mended method of measurement of resting energy expenditure in critically ill 
patients is indirect calorimetry [28].

19.9  Role of Immunotherapy in Malignancy

Immunotherapy was assumed to be crucial in fighting against cancer [29]. Recent 
systematic review and meta-analysis demonstrated [30] immunonutrition to improve 
outcome in surgical patients in perioperative period, by reducing postoperative 
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infectious complications (moderate quality of evidence) and shortens the period of 
hospitalization (low quality) but does not reduce all-cause mortality. Formulas con-
taining arginine and/or glutamine, ω-3 fatty acids, and ribonucleic acids modulate 
inflammatory and immune response in these patients [29]. Further research with 
larger patient samples and better study designs are still needed to give valuable 
conclusion.

19.10  Specific Concerns in Critically Ill Oncological Patients

19.10.1  Perioperative Period in Gastrointestinal and Head & 
Neck Malignancy

Patients with GI and head & neck malignancies are high risk of malnutrition because 
of dysphagia, odynophagia, reduced mouth opening, recurrent vomiting, malab-
sorption, loss of appetite, radiotherapy treatment like painful mucositis, altered 
taste, etc.

Enteral nutrition being first choice, feeding tube placement necessary prophylac-
tically with inadequate oral intake [31]. Preoperative nutritional support in Head 
and Neck malignancy for 7 days decreases postoperative complications by approxi-
mately 10% in malnourished patients with weight loss of >10% [32].

In preoperative period, carbohydrate loading is safer, fasting can be limited to 6 h 
for solids and 2 h for liquids in patients without risk factors [33]. Early initiation of 
feeding recommended in postop period whenever possible [9].

Fluid and sodium intake need to be monitored in abdominal malignancies (caus-
ing peritoneal carcinomatosis), with obstruction or ascites, as excess sodium intake 
in such cases leads to fluid overload [8].

Hematopoietic stem cell transplant- There is high risk for malnutrition on 
HSCT treatment [34]. Immunonutrients did not show significant beneficial effects 
and therefore are not recommended for routine use. Neutropenic diets did not show 
a benefit over safe food handling approaches [34].

Feeding tube placement with thrombocytopenia(4)- thrombocytope-
nia(<1,50,000/μL) a common complication in critically ill patients with cancer 
either due to disease process or due to chemotherapy. It was earlier assumed inva-
sive feeding tube access has the risk of increased bleeding tendencies. But few 
recent studies [35] concluded critically ill patients with cancer and thrombocytope-
nia are not at increased risk for bleeding complications after feeding tube placement 
than those without thrombocytopenia.

19.11  Other Special Conditions

• ARDS—trophic feeds in first week of hospitalization.
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• AKI—standard ICU recommendations of protein 1.2–2 gm/kg and 25-30 kcal/
kg/day followed (if receiving HD or CRRT increased protein up to maximum of 
2.5 gm/kg/day.

• Hepatic failure—avoid restricting protein in liver failure, energy and supplemen-
tation based on dry weight rather than actual weight.

• Trauma—high protein polymeric diet preferably within 24–48  h of injury, 
immune modulating formulations (arginine) can be considered.

• TBI—early enteral feeding preferred
• Open abdomen—in absence of bowel injury, early enteral feeding preferred.
• Burns—protein of 1.5–2 gm/kg/day, early enteral feeding (4–6 h of injury).
• Severe sepsis—early enteral nutrition within 24–48 h of diagnosis, as soon as 

resuscitation complete and hemodynamically stable,
• Severe pancreatitis—enteral preferred over parenteral
• Hemodynamic instability—withhold till the patient is fully resuscitated, Can be 

continued with stable low dose vasopressors

19.12  Summary of Other Key Recommendations as per ASPEN 
Guidelines [18]

• Immune modulating enteral formulations should not be routinely used in medi-
cal ICU (can be considered in Surgical ICU patients)

• No recommendations for routine use of probiotic in ICU patients
• Antioxidant vitamins (C & E) and trace minerals (selenium, zinc, copper) not 

recommended routinely, but may improve outcome in burns, trauma, and critical 
illness with mechanical ventilation.

• Enteral or parenteral glutamine supplementation not recommended routinely
• In patients with low nutritional risk, exclusive parenteral nutrition can be with-

held or delayed for first 7 days of ICU admission if early enteral nutrition not 
feasible or inability to maintain adequate oral intake in ICU

• In patients with high or low nutritional risk (enteral alone provides <60% of 
energy & protein requirements), supplemental parenteral nutrition considered 
after 7–10 days of ICU admission.

• In patients with high nutritional risk, exclusive parenteral nutrition initiated as 
soon as possible.

19.13  Conclusion

Malnutrition adversely affects outcome by increasing duration of mechanical venti-
lation, infection rates, gastric atrophy, growth reduction in children. Even though 
supplemental nutrition in critically ill patient with malignancy, may not reverse mal-
nutrition, it may prevent progression and improve quality of life and survival.

A. Gupta and S. Kumar



215

References

 1. Mathur P, Sathishkumar K, Chaturvedi M, Das P, Sudarshan KL, Santhappan S, et al. Cancer 
Statistics, 2020: report from national cancer registry programme, India. JCO Glob Oncol 
[Internet]. 2020 Jul 16 [cited 2021 Mar 7];6. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7392737/

 2. Muscaritoli M, Lucia S, Farcomeni A, Lorusso V, Saracino V, Barone C, et al. Prevalence of 
malnutrition in patients at first medical oncology visit: the PreMiO study. Oncotarget. 2017 
Aug 10;8(45):79884–96.

 3. Allison SP. What is the goal of nutrition in the intensive care unit? In: Cynober L, Moore FA, 
editors. Nestlé nutrition workshop series: clinical & performance program [Internet]. Basel: 
KARGER; 2003 [cited 2021 Feb 14]. p.  119–32. Available from: https://www.karger.com/
Article/FullText/72751

 4. Lach. Nutrition support for critically Ill patients with cancer - Lach - 2017 - nutrition in clinical 
practice - Wiley Online Library [Internet]. [cited 2021 Jan 31]. Available from: https://onlineli-
brary.wiley.com/doi/abs/10.1177/0884533617712488

 5. Seron-Arbeloa C, Zamora-Elson M, Labarta-Monzon L, Mallor-Bonet T. Enteral nutrition in 
critical care. J Clin Med Res. 2013 Feb;5(1):1–11.

 6. Davies M.  Nutritional screening and assessment in cancer-associated malnutrition. Eur J 
Oncol Nurs. 2005 Jan 1;9:S64–73.

 7. Mehta Y, Sunavala JD, Zirpe K, Tyagi N, Garg S, Sinha S, et al. Practice guidelines for nutri-
tion in critically ill patients: a relook for Indian scenario. Indian J Crit Care Med Peer-Rev Off 
Publ Indian Soc Crit Care Med. 2018 Apr;22(4):263–73.

 8. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al. ESPEN guidelines 
on nutrition in cancer patients. Clin Nutr Edinb Scotl. 2017 Feb;36(1):11–48.

 9. Perioperative nutrition: Recommendations from the ESPEN expert group | Elsevier Enhanced 
Reader [Internet]. [cited 2021 Mar 14]. Available from: https://reader.elsevier.com/reader/sd/
pii/S0261561420301795?token=AAED95E54069AAC948D45CE385A55B3364E9DB20C8
BE93D843D44E422F298CF3CC5213D02CF3CBC9DF1CB485F8C56AA0

 10. Kondrup J, Allison SP, Elia M, Vellas B, Plauth M. Educational and clinical practice commit-
tee, European Society of Parenteral and Enteral Nutrition (ESPEN). ESPEN guidelines for 
nutrition screening 2002. Clin Nutr Edinb Scotl. 2003 Aug;22(4):415–21.

 11. Heyland DK, Dhaliwal R, Jiang X, Day AG. Identifying critically ill patients who benefit the 
most from nutrition therapy: the development and initial validation of a novel risk assessment 
tool. Crit Care Lond Engl. 2011;15(6):R268.

 12. ASPEN | Definitions [Internet]. [cited 2021 Mar 7]. Available from: https://www.nutritioncare.
org/Guidelines_and_Clinical_Resources/Toolkits/Malnutrition_Toolkit/Definitions/

 13. Reber E, Gomes F, Vasiloglou MF, Schuetz P, Stanga Z. Nutritional risk screening and assess-
ment. J Clin Med [Internet]. 2019 Jul 20 [cited 2021 Mar 14];8(7). Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6679209/

 14. Cooney RN, Frankenfield DC. Determining energy needs in critically ill patients: equations or 
indirect calorimeters. Curr Opin Crit Care. 2012 Apr;18(2):174–7.

 15. Mtaweh H, Tuira L, Floh AA, Parshuram CS. Indirect calorimetry: history, technology, and 
application. Front Pediatr [Internet]. 2018 Sep 19 [cited 2021 Mar 7];6. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6157446/

 16. Kagan I, Zusman O, Bendavid I, Theilla M, Cohen J, Singer P. Validation of carbon diox-
ide production (VCO2) as a tool to calculate resting energy expenditure (REE) in mechani-
cally ventilated critically ill patients: a retrospective observational study. Crit Care. 2018 
Dec;22(1):186.

 17. Feeding methods – healthcare nutrition council [Internet]. [cited 2021 Mar 7]. Available from: 
https://healthcarenutrition.org/methods- of- nutrition/

 18. McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braunschweig C, et al. 
Guidelines for the provision and assessment of nutrition support therapy in the adult critically 

19 Nutrition in Oncology ICU

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392737/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7392737/
https://www.karger.com/Article/FullText/72751
https://www.karger.com/Article/FullText/72751
https://onlinelibrary.wiley.com/doi/abs/10.1177/0884533617712488
https://onlinelibrary.wiley.com/doi/abs/10.1177/0884533617712488
https://reader.elsevier.com/reader/sd/pii/S0261561420301795?token=AAED95E54069AAC948D45CE385A55B3364E9DB20C8BE93D843D44E422F298CF3CC5213D02CF3CBC9DF1CB485F8C56AA0
https://reader.elsevier.com/reader/sd/pii/S0261561420301795?token=AAED95E54069AAC948D45CE385A55B3364E9DB20C8BE93D843D44E422F298CF3CC5213D02CF3CBC9DF1CB485F8C56AA0
https://reader.elsevier.com/reader/sd/pii/S0261561420301795?token=AAED95E54069AAC948D45CE385A55B3364E9DB20C8BE93D843D44E422F298CF3CC5213D02CF3CBC9DF1CB485F8C56AA0
https://www.nutritioncare.org/Guidelines_and_Clinical_Resources/Toolkits/Malnutrition_Toolkit/Definitions/
https://www.nutritioncare.org/Guidelines_and_Clinical_Resources/Toolkits/Malnutrition_Toolkit/Definitions/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6157446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6157446/
https://healthcarenutrition.org/methods-of-nutrition/


216

ill patient: Society of Critical Care Medicine (SCCM) and American Society for Parenteral and 
Enteral Nutrition (a.S.P.E.N.). JPEN J Parenter Enteral Nutr. 2016 Feb;40(2):159–211.

 19. Pearce CB, Duncan HD. Enteral feeding. Nasogastric, nasojejunal, percutaneous endoscopic 
gastrostomy, or jejunostomy: its indications and limitations. Postgrad Med J. 2002 Apr 
1;78(918):198–204.

 20. Phan KA, Dux CM, Osland EJ, Reade MC. Effect of hypocaloric normoprotein or trophic 
feeding versus target full enteral feeding on patient outcomes in critically ill adults: a system-
atic review. Anaesth Intensive Care. 2017 Nov;45(6):663–75.

 21. Yasuda H, Kondo N, Yamamoto R, Asami S, Abe T, Tsujimoto H, et al. Monitoring of gastric 
residual volume during enteral nutrition. Cochrane Database Syst Rev [Internet]. 2019 May 
14 [cited 2021 Mar 7];2019(5). Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6514529/

 22. Jr CAG, Andriolo RB, Bennett C, Lustosa SA, Matos D, Waisberg DR, et al. Percutaneous 
endoscopic gastrostomy versus nasogastric tube feeding for adults with swallowing distur-
bances. Cochrane Database Syst Rev [Internet]. 2015 [cited 2021 Mar 7];(5). Available from: 
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008096.pub4/full

 23. Macdonald K, Page K, Brown L, Bryden D. Parenteral nutrition in critical care. Contin Educ 
Anaesth Crit Care Pain. 2013 Feb 1;13(1):1–5.

 24. Mehanna HM, Moledina J, Travis J. Refeeding syndrome: what it is, and how to prevent and 
treat it. BMJ. 2008 Jun 28;336(7659):1495–8.

 25. Higgins PA, Daly BJ, Lipson AR, Guo S-E. Assessing nutritional status in chronically criti-
cally ill adult patients. Am J Crit Care. 2006 Mar;15(2):166–77.

 26. Gluck EH.  Predicting eventual success or failure to wean in patients receiving long-term 
mechanical ventilation. Chest. 1996 Oct;110(4):1018–24.

 27. McClave SA, Lowen CC, Kleber MJ, Nicholson JF, Jimmerson SC, McConnell JW, et al. Are 
patients fed appropriately according to their caloric requirements? JPEN J Parenter Enteral 
Nutr. 1998 Dec;22(6):375–81.

 28. Flancbaum L, Choban PS, Sambucco S, Verducci J, Burge JC. Comparison of indirect calo-
rimetry, the Fick method, and prediction equations in estimating the energy requirements of 
critically ill patients. Am J Clin Nutr. 1999 Mar;69(3):461–6.

 29. Prieto I, Montemuiño S, Luna J, de Torres MV, Amaya E. The role of immunonutritional sup-
port in cancer treatment: current evidence. Clin Nutr. 2017 Dec 1;36(6):1457–64.

 30. Yu K, Zheng X, Wang G, Liu M, Li Y, Yu P, et  al. Immunonutrition vs standard nutrition 
for cancer patients: a systematic review and meta-analysis (part 1). J Parenter Enter Nutr. 
2020;44(5):742–67.

 31. Evidence-Based Support for Nutrition Therapy in Head and Neck Cancer | SpringerLink 
[Internet]. [cited 2021 Mar 14]. Available from: https://link.springer.com/article/10.1007/
s40137- 017- 0179- 0

 32. Bertrand PC, Piquet M-A, Bordier I, Monnier P, Roulet M. Preoperative nutritional support 
at home in head and neck cancer patients: from nutritional benefits to the prevention of the 
alcohol withdrawal syndrome. Curr Opin Clin Nutr Metab Care. 2002 Jul;5(4):435–40.

 33. Melloul E, Lassen K, Roulin D, Grass F, Perinel J, Adham M, et al. Guidelines for periopera-
tive Care for Pancreatoduodenectomy: enhanced recovery after surgery (ERAS) recommenda-
tions 2019. World J Surg. 2020 Jul 1;44(7):2056–84.

 34. Baumgartner A, Schuetz P. Nutritional Support. In: Carreras E, Dufour C, Mohty M, Kröger N, 
editors. The EBMT handbook: hematopoietic stem cell transplantation and cellular therapies 
[Internet]. 7th ed. Cham (CH): Springer; 2019 [cited 2021 Mar 15]. Available from: http://
www.ncbi.nlm.nih.gov/books/NBK553969/

 35. Bleeding associated with feeding tube placement in critically ill oncology patients with throm-
bocytopenia - Patel - 2016 - nutrition in clinical practice - Wiley Online Library [Internet]. 
[cited 2021 Mar 15]. Available from: https://aspenjournals.onlinelibrary.wiley.com/doi/
abs/10.1177/0884533615598964

A. Gupta and S. Kumar

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6514529/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6514529/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD008096.pub4/full
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s40137-017-0179-0
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s40137-017-0179-0
http://www.ncbi.nlm.nih.gov/books/NBK553969/
http://www.ncbi.nlm.nih.gov/books/NBK553969/
https://aspenjournals.onlinelibrary.wiley.com/doi/abs/10.1177/0884533615598964
https://aspenjournals.onlinelibrary.wiley.com/doi/abs/10.1177/0884533615598964


217© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2022
V. Kumar et al. (eds.), Onco-critical Care, 
https://doi.org/10.1007/978-981-16-9929-0_20

V. Sharma · A. Sharma (*) 
Department of Medical Oncology, Dr B R A Irch, All India Institute of Medical Sciences, 
New Delhi, New Delhi, India
e-mail: Atul.sharma@aiims.edu

20Critical Care Issues in Post Stem Cell 
Transplant Patient

Vinod Sharma and Atul Sharma

20.1  Introduction

Hematopoietic stem cell transplant (HSCT) remains a viable life saving therapeutic 
option in the management of the various malignant (hematologic, solid), and non- 
malignant disorders (bone marrow failures, storage disorders, immune disorders). 
The donor hematopoietic stem cells and progenitor cells help in the reconstitution 
of the two important biological functions: hematopoiesis (high dose chemotherapy- 
induced myeloablation) and the immune function (graft versus host disease, 
GVHD). The sources of stem cells are peripheral blood (most common), bone mar-
row, and umbilical cord. The two major forms of transplant include Autologous (use 
of own stem cells) and Allogenic (use of stem cells from healthy related or unrelated 
donors) [1]. The most common reason for autologous transplants and allogeneic 
transplants worldwide are multiple myeloma and acute myeloid leukemia respec-
tively [2]. Globally the most common form of transplant is autologous. Approximately 
50% of allogeneic transplant donors are unrelated matched donors followed by a 
matched related donor, other relatives. Unrelated donor transplants using cord blood 
are only sizeable. Finding a donor for an allogenic transplant remained a major 
issue in the past. However, with the development of successful strategies using 
unrelated donor, haploidentical and umbilical blood as a donor source, the donor 
needs being addressed increasingly.

Increased availability of transplant services, use of reduced-intensity regimens 
(RIC; elderly, co-morbidities), and haploidentical transplant are some of the various 
contributing factors. Critical care remains an integral part of hematological oncol-
ogy care because of associated life-threatening complications [3, 4]. From the initial 
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clinical successful transplant way back in the 1970s, we have moved a lot in the last 
half-century. In a report by WBMT (Worldwide Network for Blood and Marrow 
Transplantation, 2016) report, 1.3 million transplants had happened in 87 countries, 
with a rising rate of 7% per year (84,000/year). Nearly half of them were allogenic 
and unrelated HSCT [5]. With the increased availability of transplant services across 
the world, the number of the patient requiring critical care are rising day by day. 
Transplant is a major intervention event and put a patient at significant risk of both 
acute and long term life-threatening complications with frequent visit to the critical 
care unit. Most of the case burden is from allogenic and unrelated hematopoietic 
transplants. The use of the hematopoietic transplant comorbidity index helps in pre-
dicting and counseling the patient and relatives about the transplant-related mortal-
ity (TRM) and post-transplant outcome [6].

20.2  Pathophysiology and Burden of ICU Care

Transplant patients are at increased risk of infectious and non-infectious complica-
tions (organ dysfunction) [7]. Allogenic transplant forms the most common cohort of 
the patient who requires intensive care. HSCT-related therapies affect both the innate 
and adaptive immunity [8]. The two major factors responsible for high TRM and 
morbidity are delivery of high-dose chemotherapy and organ damage due to alloim-
munization (donor immune cells). The latter is unique to allogeneic transplants. The 
adverse effects of high dose chemotherapy are myeloablation (neutropenia, lympho-
penia, monocytopenia, and thrombocytopenia) which resolves with marrow recov-
ery, mucosal barrier disruption (mucositis), and change in body microbiome system 
(lung, gut, etc). In allogeneic HSCT, the picture is further complicated by donor T 
cell-mediated alloimmunization, tissue injury, use of immune suppressants leading 
to prolonged myelosuppression. These key factors differentiate transplant patients 
from other ICU patients who lack myelosuppression and immune-mediated organ 
injury. As a result, allogeneic HSCT carries a substantially increased risk of TRM 
and morbidity compared to autologous transplants. The altered microbiota is a risk 
factor for increased TRM post allogenic transplant [9]. The use of RIC has helped in 
the reduction of TRM though with increased risk of relapse [10, 11].

The existing literature suggests variable ICU admission rates (range, 9–57%, 
average 20%) [12]. One out of every 4–5 patients planned for an allogenic trans-
plant need intensive care. Nearly half of these succumb despite aggressive manage-
ment. Observational studies suggest a higher rate of ICU admission with allogenic 
(matched; umbilical cord, 57%) compared to autologous transplant (6%) [13, 14].

20.3  Etiology of Causes Requiring ICU Care

The life-threatening complications can happen anytime from the start of the con-
ditioning regimen to few years after HSCT. There are two subcategories of life- 
threatening complications: Infectious and non-infectious complications. These 
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complications follow a chronological pattern. Infections remain the most common 
reasons for non-relapse mortality and morbidity. The transplant time is divided 
into three phases: peri-transplant (conditioning regimen, pre-engraftment), post 
engraftment, and late phase. These phases predisposes to different characteristic 
infectious and non-infectious complications (Tables 20.1 and 20.2). This knowl-
edge helps physicians in the diagnosis and management of these complications. The 

Table 20.1 Timeline of different infectious agents requiring ICU care following allogenic HSCT

Conditioning regimen (−7 to 
day 0), Pre-Engraftment (day 
1–30)

Post Engraftment (day 
30–60)

Late phase (Post 
60 days)

Bacterial Gram Negative bacilli, Gram 
positive organisms, GIT 
streptococcal bacilli

Gram Negative bacilli, 
Encapsulated bacteria

Gram Negative bacilli, 
Encapsulated bacteria

Viral HSV, RSV, BKV, Enteric HSV, CMV, RSV, 
BKV virus

HSV, CMV, VZV, 
PTLD

Fungal Aspergillus, Candida Aspergillus, Candida, 
PCP

Aspergillus, PCP

HSV herpes simplex virus, RSV Respiratory syncytial virus, BK Polyomavirus hominis 1, CMV 
Cytomegalovirus, VZV Varicella Zoster Virus, PTLD Post-transplant lymphoproliferative disorder, 
RSV Respiratory syncytial virus, virus Enteric viruses (Adenovirus, Enterovirus, Norovirus, 
Hepatovirus, Rotavirus), PCP Pneumocystis pneumonia

Table 20.2 Timeline of different non-infectious agents requiring ICU care following allo-
genic HSCT

Pre-Engraftment
(day 1 to up-to 
30 days)

Post Engraftment
(day 30–60)

Late phase
(Post 60 days)

All organs aGVHD, 
Hemorrhage, drug 
toxicity, relapse

aGVHD, Hemorrhage, 
drug toxicity, Relapse, 
Iron overload

aGVHD, CGVHD, Drug 
toxicity, Disease relapse, 
Iron excess

Pulmonary DAH, Capillary leak 
syndrome

DAH, IPS, Bronchiolitis, 
COP

IPS, Bronchiolitis, COP

Cardiac Cardiac dysfunction, 
Pericardial effusion, 
Arrhythmia

Arrhythmia, CAD, CVD Cardiac edema, CAD, CVD

Neurologic Seizure, PRES, 
Metabolic 
encephalopathy

Seizure, PRES, 
Metabolic 
encephalopathy

Leukoencephalopathy

Hepatic VOD, Transaminitis VOD –
Renal ATN, septic AKI ATN, Thrombotic 

microangiopathy, 
Calcineurin inhibitors

Thrombotic 
microangiopathy, 
Calcineurin inhibitors

PRES posterior reversible encephalopathy syndrome, ATN acute tubular necrosis, AKI acute kid-
ney injury, aGVHD acute graft versus host disease, cGVHD chronic graft versus host disease, DAH 
diffuse alveolar hemorrhage, VOD veno occlusive disease, COP cryptogenic organized pneumo-
nia, CVD cerebrovascular disease, CAD coronary artery disease, IPS idiopathic pulmonary 
syndrome
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peri- transplant period is characterized by neutropenia and mucosal barrier breaks, 
providing a suitable environment to microorganism to invade and infect the human 
body. The most common infections during this time period are bacterial and can-
didal infections, less common ones are Aspergillus. Both autologous and alloge-
neic transplants face similar infection patterns during the peri-transplant period. 
The empirical anti-bacterial strategy remains the same in both types of transplant. 
However, post engraftment the allogeneic transplant patient is at higher risk of 
developing infection including bacteremia, invasive aspergillus, and cytomegalo-
virus (CMV) viremia [15]. Post allogeneic transplant immune recovery occurs in a 
phased manner, the first to recover is innate immunity followed by cell-mediated and 
later humoral immunity [16]. The recovery of cell-mediated immunity is influenced 
by GVHD and immune suppressants. This in-turn defines the infections during the 
post engraftment period (CMV, Aspergillus, Pneumocystis jiroveci—PCP). During 
the late phase of allogeneic HSCT, the common infection is viral, tuberculosis, and 
encapsulated bacteria (Haemophilus influenza, streptococcus pneumonia) [15].

20.4  Reasons for ICU Care

The primary purpose of ICU care is to support and closely monitor the deranged 
organ till recovery. The common forms include hemodynamic support (vasopres-
sors), respiratory support (mechanical ventilation, non-invasive ventilation), renal 
support—(renal replacement therapies, dialysis), fluid resuscitation, electrolytes, 
etc. (Table 20.3). The most common reason are an acute respiratory failure (60%) 
and septic shock (Table 20.4).

20.4.1  Neutropenic Fever, Sepsis, and Septic Shock

Neutropenia (2–3 weeks) is the universal phenomenon during the transplant. It puts 
patients at significant risk of blood-borne bacterial sepsis, fungal infections, septic 
shock, and mortality. Neutropenia is frequently associated with febrile neutropenia 
(60–80%) [17]. The rate of septic shock, severe sepsis, and sepsis in patients with 
neutropenic fever is 5–10, 20–30, and >50% respectively [18]. Blood-borne infec-
tions are more common in recipients of allogenic (20–50%) than autologous trans-
plant (5–10%) [19]. They are frequent in the pre-engraftment period and are an 
important cause of TRM and morbidity. Both gram negative bacilli (GNB) and 
gram positive cocci (GPC) infections are prevalent. However, the relative 

Table 20.3 Use of various modalities in ICU care

Mechanical ventilation 20–70%
Non-invasive ventilation 30–40%
Vasopressors  agents 50–70%
Renal Replacement Therapy 20–40%
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proportion varies significantly around the world [20]. The former remains the major 
health concern. Aggressive workup to detect the source of infection and timely 
administration of empirical antibiotics is the key. Different antibiotic strategies 
(escalation, de-escalation) are part of management based on institutional and physi-
cian preferences [7]. The empirical antibiotic of choice is guided by local culture 
positivity reports and sensitivity, hemodynamic status at presentation, presence of 
specific signs and symptoms (mucositis, seizures, neck rigidity), past infection, 
colonization with resistant bacteria. The primary aim is to target commonly encoun-
tered bacteria that are associated with life-threatening sepsis and mortality. The 
commonly used drugs active against pseudomonas are cefoperazone and sulbactam, 
ceftazidime, carbapenems [21]. Non-specific use of aminoglycosides is not recom-
mended. Indications for coverage of gram-positive bacteria include the presence of 
hemodynamic instability, pneumonia, and severe mucositis. The risk factors for 
bloodstream infection and pneumonia during transplant are male gender, acute 
myeloid leukemia, unrelated donor allogeneic transplant etc. [22]. The outcome of 
severe sepsis is better in patients undergoing autologous transplant, allogenic trans-
plant without GVHD than allogeneic transplant with GVHD [23]. The increased 
incidence of MDR bacteria (multi-drug-resistant) is associated with high mortality 
[24, 25].

20.4.2  Respiratory System

Pulmonary complications develop in nearly 60% of cases of allogeneic transplant 
patients. Nearly 15% of them will require ICU care and have a mortality rate of 50% 
[26, 27]. Infectious complications (bacterial, viral, PCP, fungal) are the most common 

Table 20.4 Reasons for ICU admission and associated etiology

Common Less common
Syndromes Causes Syndromes Causes
Acute 
respiratory 
failure 
(60%)

Pulmonary hemorrhage, 
Infections (bacterial, fungal, 
viral), Fluid overload, Acute 
cardiac failure, Intra-alveolar 
hemorrhage

Cardiac 
dysfunction

Arrythmia, Fluid overload, 
pericardial effusion, 
tamponade, myocardial 
infarction

Acute 
Kidney 
Injury

Sepsis, Shock, Nephrotoxic 
drugs (vancomycin, 
amphotericin, foscarnet, 
acyclovir, aminoglycosides, 
cyclosporine, engraftment 
syndrome, VOD, Thrombotic 
angiopathy

Neurological 
failure

PRESS, Drugs (cyclosporine, 
beta-lactams, carbapenems, 
infection, hemorrhage, 
infarct), Metabolic 
disturbance, infections, 
radiologic abnormalities, 
intracranial hemorrhage

Severe 
sepsis, 
Septic shock

Gram negative bacilli, Fungal, 
Viral

Liver 
dysfunction

VOD, Hepatitis (CMV, EBV, 
Hepatitis A, B, C, E)

VOD veno-occlusive disorders, PRESS posterior reversible encephalopathy syndrome, CMV cyto-
megalovirus, EBV Epstein bar virus
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cause of acute respiratory failure. Post HSCT, patient are at risk of developing various 
from of pneumonia; bacterial pneumonia (20–50%), nocardia (1.75%), mycobacte-
rium (0.25%) and fungal infections (allogenic 5–30%, autologous 1–5%) [28]. Viral 
infections (respiratory, non-respiratory) are not uncommon, and are associated with 
significant morbidity [29]. The acute and late non-infectious complications include 
acute pulmonary edema, transfusion-related acute lung injury, capillary leak syn-
drome, diffuse pulmonary hemorrhage, idiopathic pneumonia syndrome, and bron-
chiolitis obliterans syndrome, cryptogenic organizing pneumonia, acute fibrinous and 
organizing pneumonia etc. [30, 31]. A high rate of hospital mortality (50%) is seen 
among patients with acute respiratory failure [27]. Patients who required invasive ven-
tilation for more than 96 h are at maximum risk of mortality [26]. The risk of death is 
similar in both autologous and allogenic transplants [32]. Pretransplant assessment of 
pulmonary function test (DLCO <60%, FEV1 < 60%) may help in identifying patients 
at high risk of development of acute respiratory failure [33]. A non-invasive method 
of ventilation is the preferred modality among hematologic patients due to the high 
frequency of concomitant thrombocytopenia and risk of bleeding, neutropenia, and 
better outcome than following mechanical ventilation [34–36]. However, the role of 
non-invasive ventilation (NIV) over the standard oxygen therapy remains unproven 
[37]. The early result of high flow oxygen cannula (HFO) appear are promising [38, 
39]. The outcome of HFO appears similar to NIV [40]. The use of invasive mechani-
cal ventilation should follow standard operative procedures. Etiological diagnosis is 
key to the success and includes timely use of computed tomography, bronchoalveolar 
lavage (BAL), culture, and occasionally biopsy.

20.4.3  Cardiovascular System and Hemodynamic System

Hemodynamic instability with shock may account for 20–80% of ICU admissions 
[41, 42]. The two major risk factors are sepsis and hypovolemia. Uncontrolled 
gram-negative sepsis is the primary reason for septic shock. Hypovolemia is often 
attributed to volume loss (diarrhea associated with GVHD, massive gastrointestinal 
bleeding, poor oral intake from severe mucositis). The less common reason is a 
cardiac failure. Cardiac dysfunction precipitated by the use of high dose cyclophos-
phamide, arrhythmia like atrial fibrillation, pericardial effusion, cardiac arrest, myo-
cardial infarction is the common reasons for cardiac failure and hypotension [43]. 
Patients undergoing allogenic transplants, thrombocytopenia, graft versus host dis-
ease increases the risk of bleeding complications. Cardiac issues constitute 5–15% 
of causes for ICU admission and care [43–45]. General cardiac principles of man-
agement are used for managing these cases.

20.5  Neurologic Problems

Neurologic issues is also an important reason for ICU admission and encompass 
both infectious and non-infectious etiologies [46]. The incidence of neurologic 
complications in patients undergoing allogeneic transplants is approximately 
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5–20% [43–45, 47]. The common reasons are bleeding consequences, encephalopa-
thy, seizures, posterior reversible encephalopathy syndrome (PRES), infections, 
metabolic, cerebrovascular events, thrombotic micro-angiopathy, neuropathies, etc. 
Few risk factors are associated with neurologic complications include age, female 
gender, donor type other than matched sibling donor (MSD), high dose total body 
irritation, use of umbilical cord blood (UCB) transplantation, transfusion-dependent 
thrombocytopenia, severe acute GVHD, extensive chronic GVHD and reported to 
have poor outcome [47–51]. Transplant patients exhibit a high incidence of radio-
logical CNS abnormalities (11–60%), and even higher in autopsy studies (>90%) 
[52]. Bacterial infection is usually seen during the neutropenia period only, follow-
ing which fungal and viral infections predominate. The use of a reduced-intensity 
conditioning regimen and umbilical cord blood transplantation does not appear to 
reduce the incidence of neurologic complications (14%) [49, 53]. Most complica-
tions are central and occur during the first 100 days. A significant proportion (up to 
70%)of early complications are attributed to drug toxicity (cyclosporine, tacroli-
mus) and metabolic [48, 49, 53]. Limbic encephalopathy is unique to UCB trans-
plantation [48]. Patients who develop neurologic complications do poorly 
(non-relapse mortality, progression-free survival, overall survival) [47–49, 51, 53]. 
An early study evaluated transplant during 1990–1996 showed a higher risk of neu-
rologic complications with allogenic than autologous transplant [54]. A timely inte-
grated approach in conjunction with a neurology specialist (physician, intensive 
care experts) is needed for exact diagnosis and treatment.

20.6  Acute Kidney Injury

Both acute and chronic renal injuries follow HSCT with quite distinct etiologies. 
The occurrence of acute kidney failure and chronic kidney failure is 30–80 and 16% 
respectively [33, 55, 56]. Transplant done with umbilical cord are at increased risk 
of AKI (83%) [57, 58]. The early acute kidney injury (AKI) could be due to the use 
of nephrotoxic drugs (conditioning regimen, antibiotics—amphotericin, aminogly-
cosides, vancomycin-piperacillin, colistin, immune suppressants—calcineurin 
inhibitors), volume depletion (mucositis, diarrhea, nausea, vomiting), sepsis and 
septic shock, part of multiorgan dysfunction syndrome (MODS), veno-occlusive 
disease (VOD) [59]. Risk factors for AKI include UCB transplantation, critical ill-
ness, use of nephrotoxic drugs, low pretransplant albumin [57]. The risk of death is 
directly proportional to the severity of AKI [4]. The onset of AKI may affect the 
management of GVHD by altering the administration of immune suppressants. This 
leads to a cascade of poor control of GVHD with the risk of hypotension and further 
aggravation of the renal injury. Minimizing the use of drugs with nephrotoxic poten-
tial with close monitoring of fluid balance, electrolytes are critical in the prevention 
of renal injury. Acute kidney injury carries potential for the development of chronic 
kidney disease on long term. AKI carries risk for poor outcome [55, 56].
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20.7  Liver Complications

Liver issues are common following HSCT, and the incidence with allogenic trans-
plants (84%) is double compared to autologous transplants (44%) [60, 61]. The 
common reason include drugs (conditioning regimen) and GVHD (acute, chronic) 
for allogenic and drugs, sepsis, viral hepatitis for autologous transplant [62]. 
However, the presence of liver complications does not lead to an increased risk of 
liver dysfunction over the long term and death. The complications are in form of 
VOD, drug-induced injury, GVHD, cirrhosis, hepatic malignancies. Pretransplant 
liver function assessment of stem cell recipients and use of ursodeoxycholic acid 
(UDCA) is important in the reduction of the incidence of liver complications [63]. 
Approximately 15% of TRM can be attributed to liver dysfunction. The mortality 
rate shows a direct correlation with serum bilirubin level, with the level above 
10 mg/dl, the mortality is 80% [64]. Severe liver injury defined as AST level > 1500/l, 
occur in 1% of cases; the common reasons are hypoxic hepatitis and VOD [65]. The 
veno-occlusive disease is common in first month following the HSCT, characterized 
by endothelial injury, hypercoagulation state, sinusoidal obstruction, and necrosis. 
Diagnosis is based on clinical features, using modified Seattle and Baltimore diag-
nostic criteria [66, 67]. Advanced age, poor functional status, pre-existing liver dis-
ease, history of abdominal RT, allogenic transplant, use of cyclophosphamide, 
melphalan, gemtuzumab ozogamicin, inotuzumab ozogamicin, busulfan are among 
the various risk factors for the development of VOD [61, 66, 67]. The mean inci-
dence is 37%, with a mortality rate up to >80% [68]. Defibrotide (oligodeoxy- 
ribonucleotide) and UDCA help in the prevention and treatment of VOD [67, 69].

20.8  Outcome and Prognosis

Transplantation is a complex and expensive process and a life-long commitment of 
follow-up. It requires a significant amount of expertise at each level of care (physi-
cians, nursing, rehabilitation, supportive care). The outcome can vary significantly 
from center to center and transplant centers with high turnover per year have shown 
lower mortality [70]. Several observational cohort studies have reported the out-
come of transplant patients admitted to intensive care units (Table 20.5). The major-
ity of a patient in these studies show a higher incidence of 30-day mortality, varying 
50–90%. Growing evidence shows improvement in ICU outcome over the last 3 
decades, with the mortality rate decreasing from 90% to nearly 50% in recent stud-
ies [75, 82]. Literature suggests a similar outcome among cancer patients admitted 
to ICU patients with or without a history of HSCT (50%) [82]. In an analysis over 
two successive time periods (1997–2003, 2004–2011), the ICU and 1-year mortal-
ity were 52 versus 30% and 67 versus 48% respectively [76]. The improved out-
come could be due to advances in supportive care (defibrotide), early transfer to 
ICU facility, use of prognostic models for ICU admission, increased use of RIC 
transplant, use of colony-stimulating factors, better control of infectious complica-
tions, less number of organ failure, advances in donor selection, refined HLA 
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matching, increased use of peripheral blood stem cells leading to early bone marrow 
recovery or due to selection bias in form of selective admission of patients with 
expected favorable outcome [83]. The high mortality rate in initial studies had prob-
ably created hesitance in the admission of critically sick post-transplant patients 
[84]. The observation of improved outcomes over time is further evidenced by the 
fact that the proportion of transplant patients with advanced age, advanced disease, 
increased number of co-morbidities have increased [76]. The common reason for 
admission in ICU are acute respiratory failure (30–70%), sepsis and shock 
(10–40%), neurologic (20%), and cardiac (8–20%) issues [44, 72, 79].

Several factors predict the outcome of transplant patients following ICU admission 
and can be broadly classified into three categories based on their relation; pre- 
transplant factors, transplant-related and ICU-related [11]. The pre-transplant include 
the age of the patient (>60 years), performance status, HSCT-CI score, disease type, 
remission status, time from diagnosis to HSCT.  The factors related to transplant 
include the type of transplant (autologous, allogenic, myeloablative, RIC), donor stem 

Table 20.5 Selected studies describing the outcome of transplant patients requiring intensive care 
facilities over the last 4 decades

Study Study year, n
%, Allogenic 
Transplant

ICU admission 
rate Mortality

Torrecilla 
[71]

1981–1987, 23 100% 40% 30 day—96%

Jackson 
[72]

1988–1993, 
116

63% 80% Hospital—77%

Scales [73] 1992–2002, 
504

60% 19% 1 year—87%

Pene [74] 1997–2003, 
209

85% 20% ICU—52%

Benz [44] 1998–2007, 33 100% 13% 6 month—85%
Townsend 
[75]

1996–2007, 
164

100%, RIC 22% 30% 1 year—40%

Allareddy 
[26]

2004–2010, 
6074

68% – Hospital—28%

Lengline 
[76]

1997–2003,
2004–2011, 
497

Allogenic 20%
23%

52%
30%

Mokart [77] 2003–2011, 
102

RIC 17% ICU 40%, hospital 
60%

Nakamura 
[78]

2008–2014, 39 100% 15% 1 year—88%

Azoulay 
[79]

2010–2011
Allogenic 145
Autologous 
107

57% – Hospital
52%
38%

Platon [80] 2009–2013, 73 100% 23% 40%
Bayraktar 
[81]

2001–2020, 
377

100% 13% Hospital—64%

RIC reduced intensity conditioning.
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cell source (cord blood, bone marrow or peripheral blood cells), conditioning regi-
men, GVHD. ICU related factors include the number of organ failures at the time of 
admission, time to ICU admission, presence of neutropenia at admission, critical ill-
ness severity, the reason for ICU admission, vasopressor use, mechanical ventilation, 
high bilirubin, low platelet count, bacterial sepsis, APACHE II, SOFA, SAPS II score, 
renal replacement therapy, neurological dysfunction [12]. However, the most consis-
tent ones are the use of mechanical ventilation, GVHD, number of organ failures at 
the time of admission, vasopressor use, type of conditioning regimen (RIC or MAC) 
[10–13, 41, 42, 51, 73, 75, 77]. Prognostic factors like (age, low platelet count, bacte-
rial infections) were found significant only in few studies.

20.9  Triage during the ICU Admission

From a hematologist/oncologist perspective, every patient who has opted and under-
went a curative therapeutic modality treatment (bone marrow transplant) should be 
offered ICU care, especially during the early and acute period. However, the goals of 
care can vary between the hematologist/oncologist and the intensivist physician. Well, 
the treating physician has followed the patient through the entire course, and is well 
versed with the outcome of the underlying disease, and might be a better person to 
judge the importance of ICU admission. The intensive care play an important and vital 
part of the patient care, but they are not experienced with the long term disease out-
come. The intensivist decision is usually affected by the comparative poor outcome of 
cancer and hematologic patients than non-cancer patients [85]. The high mortality 
associated with allogeneic HSCT puts intensivists in a challenging situation especially 
when resources are limited. For an intensivist, there is a continuous challenging task for 
the decision making of ICU admission, optimal resource utilization and to give benefi-
cial care [86]. This is highlighted in a prospective study where the two physicians dif-
fered in 50% of ICU care triage decision [87]. Out of 206 patients requested for 
admission by the referring oncologist, only 51% got the admission. An equal percent-
age of patients were considered too sick (26%) and too well (23%) for the ICU admis-
sion. However, the 30-day mortality among patients admitted to the ICU care was 
labeled too sick and too well was 54, 74, and 22% respectively. The study highlights 
the importance of using a more conservative approach for ICU admission. Also, high-
light the inclusion of treating physicians as part of the decision-making for ICU admis-
sion. However, welcome to all should not be the conclusion. There is a need to draft 
and prospective evaluate policy evaluating the triage for ICU admission. In the pro-
spective ICU trial, palliative care patients and bedridden patients were denied ICU 
care. All newly diagnosed patients (<30 days) were given ICU admission [88].

20.10  Conclusion

HSCT is getting common day by day and will increase further in the near future. 
Many patients develop complications after the transplant and critical care remains 
vital for the short and long-term survival. The outcome has improved substantially 
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over the past four decades, still, 50% die during ICU admission. Further improve-
ment is required in form of triage decision-making for ICU admission, optimal use 
of supportive care, and improvement of outcome. There is a need to continue work 
in further increasing the outcome after HSCT. Prospective evaluation of the policies 
targeting to provide beneficial ICU care is in need of time.
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21Febrile Neutropenia

Rupak Kumar Giri and Ranjit Kumar Sahoo

21.1  Definition

A single oral temperature of 101’F/38.3’C or a temperature of 100.4’F/38’C sus-
tained over 1 h in a patient with absolute neutrophil count (ANC) < 500/mcl or 
expected to become <500/mcl in next 48  h is known as febrile neutropenia 
(IDSA) [1].

21.2  Incidence: [1, 2]

Incidence of febrile neutropenia in cancer patients receiving chemotherapy is higher 
in haematological cancer patients compared to solid tumors which are roughly as 
follows:

 – Solid tumors: 5–10% of patients
 – Non-leukemic haematological cancers: 20–25% of patients
 – Acute leukemia: 85–95% of patients

21.3  Neutropenic Fever Syndromes

Neutropenic fever syndromes can be classified into following based on clinical pre-
sentation [2]:

 1. First episode of neutropenic fever
 2. Persistent neutropenic fever

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_21&domain=pdf
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 3. Recrudescent neutropenic fever
 4. Fever after resolution of neutropenia

 1. First episode of neutropenic fever:

The first neutropenic fever is the first febrile episode occurring during a given period 
of chemotherapy-induced neutropenia. The International Immunocompromised 
Host Society has classified initial neutropenic fever syndromes into the following 
three categories [2, 3]:

• Microbiologically documented infection (10–20%): Neutropenic fever with a 
clinical focus of infection and an associated pathogen

• Clinically documented infection (20–30%): Neutropenic fever with a clinical 
focus (eg, cellulitis, pneumonia) but without the isolation of an associated 
pathogen

• Unexplained fever (50–60%): Neutropenic fever with neither a clinical focus of 
infection nor an identified pathogen

 2. Persistent neutropenic fever:

A persistent neutropenic fever syndrome is a febrile episode without deferves-
cence after at least 5 days of initial empiric broad-spectrum antibacterial therapy in 
high-risk neutropenic patients or after at least 2 days in low-risk neutropenic patients

Causes:
 – Invasive fungal infections (IFI)
 – Resistant bacterial infections

 3. Recrudescent neutropenic fever:

A recrudescent neutropenic fever syndrome is a febrile episode that recurs fol-
lowing initial defervescence during a course of broad-spectrum antibacterial ther-
apy while the patient remains neutropenic

Causes:
 – Breakthrough bacterial infections
 – Invasive fungal infections

 4. Fever after resolution of neutropenia:

It refers to appearance of or worsening of fever at the time of recovery of neutro-
phil counts
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Causes:
 – Superinfection
 – Myeloid reconstitution syndrome
 – Engraftment syndrome
 – Drug fever
 – Deep vein thrombosis
 – Transfusion reactions

21.4  Risk Stratification of Febrile Neutropenia

All patients with febrile neutropenia are initially evaluated clinically for risk of seri-
ous complications. Validated risk scoring systems (eg. MASCC score [4], CISNE 
score [5]) helps in predicting risk of serious complications. Approach to treatment 
including need for in-patient admission, intravenous antibiotics etc. is decided 
based upon the risk scores.

Multinational association for supportive care in cancer (MASCC) score:
It includes following parameters

• Burden of illness:
 – No/Mild symptoms (5 points)
 – Moderate symptoms (3 points)
 – Severe symptoms (0 points)

• Comorbidities:
 – No hypotension (systolic blood pressure > 90 mmHg) (5 points)
 – No chronic obstructive pulmonary disease (4 points)
 – Solid tumor or hematologic malignancy with no history of previous fungal 

infections (4 points)
 – No dehydration requiring parenteral fluids (3 points)

• Status:
 – Outpatient status at the time of onset of the neutropenic fever syndrome 

(3 points)
• Age:

 – <60 years (2 points)
 – ≥60 years (0 points)

• Interpretation of MASCC scores:
 – MASCC score 21–26: Low risk for complications, Patient can be managed on 

OPD basis with oral empiric antibiotics
 – MASCC score 0–20: High risk for complications, Patient requires hospitali-

sation for IV antibiotics

Most adult febrile neutropenia guidelines endorse the use of MASCC score. The 
pediatric guidelines support the concept of risk stratification but emphasize the 
importance of using strategies that have been validated locally.
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Clinical Index of Stable Febrile Neutropenia (CISNE) score:

Dr BRA-IRCH, AIIMS High risk febrile neutropenia antibiotic protocol

DIAGNOSTIC EVALUATION

- History specially previous antibiogram
- Physical examination: oral cavity, paranasal sinuses, perineal region
- Routine investigations
- Blood cultures baseline 
- Chest X ray
- S Procalcitonin (optional) 
- S Galactomannan (optional)

FIRST LINE ANTIBIOTICS

AFTER 48 HRS

IF FEVER PERSISTS AFTER 48 HRS

Patients is clinically stable & previously 
not exposed to multipleantibiotics

1. Cefoperazone + Sulbactam
2. Amikacin

Indications for upfront G (+) antibiotics 

1. Hemodynamic stability 6. Known colonisation with MRSA 

2. Pneumonia 7. Vancomycin is the glycopeptide of choice

3. Severe mucositis 8. Teicoplanin to be used if other nephroto xic drugs are being used

4. Skin or soft tissue infections 9. Linezolid is to be used if VRE is isolated or suspected

5. Clinically evident catheter related infections

Patient is clinically unstable, heavily treated 
with antibiotics & resistant organisms suspected 

1. Carbapenem
2. Amikacin

Clinical worsening
Upgradation of antibiotics
- Add Carbapenem if patient was started on
Cefoperazone + Sulbactam 

- Add Colistin if patient was started on Carbapenem
- Do not add 2 nephrotoxic drugs together                      
- If culture reports are available, change antibiotics
accordingly 

- Add G(+) antibiotics

Clinically stable
- No danger signs                                          
- ANC recovering trend             

Continue same antibiotic therapy till
count recovery 

- Look for focus of infection
- HRCT Chest
- S Galactomannan
- Empirical pre-emptive antifungal therapy
- AmphoB/Caspofungin/Voriconazole are preferred as pre-emptive therapy

- Dual antifungals are to be used in case of proven/probable fungal infection 
not responding to single agent  

 

Risk stratification by using risk scores and other clinical parameters:
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 1. Low risk febrile neutropenia:

Presence of all of the following is considered as low risk febrile neutropenia

 – Expected duration of severe neutropenia (ANC < 500/mcl) is ≤7 days
 – MASCC score ≥21 or CISNE score 0
 – No comorbidities
 – No evidence of hepatic or renal dysfunction

 2. High risk febrile neutropenia:

Presence of any of the following is considered as high risk

 – Expected duration of severe neutropenia (ANC < 500/mcl) is >7 days
 – MASCC score <21 or CISNE score ≥3
 – Ongoing medical comorbidities
 – Evidence of hepatic or renal dysfunction

21.5  Pathogenesis

The majority of documented infections during neutropenia are caused by the 
patient’s own endogenous bacterial flora [6]. Chemotherapy induced mucositis 
leads to seeding of the blood stream from endogenous flora in the gastrointestinal 
tract which results in neutropenic fever. Immunosuppressive effects of chemother-
apy and immune-dysfunctions associated with haematological malignancies are 
also contributing factors for neutropenic fever.

Bacterial infections in neutropenic patients:

• Bacteria are the most common infectious causes of neutropenic fever [7]
• Gram-negative bacteria (eg, P. aeruginosa) usually cause the most serious infec-

tions [8].
• S. epidermidis is the most common gram-positive pathogen, accounting for 

approximately one-half of all infections due to gram-positive infections. 
However, it is much less virulent than other bacterial pathogens [9]

• Among gram-positive bacteria, S. aureus (particularly methicillin-resistant 
strains), some viridans streptococci, and Enterococci (particularly vancomycin- 
resistant strains) can cause serious infections [10]

• Although anaerobic bacteria are abundant in the alimentary tract, they are infre-
quent pathogens isolated from patients with neutropenic fever. However, they 
can contribute to the pathogenesis of necrotizing mucositis, sinusitis, periodontal 
cellulitis, perirectal cellulitis, intra-abdominal or pelvic infection, and neutrope-
nic enterocolitis (typhlitis) and can cause anaerobic bacteremia.
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• Polymicrobial infections are infrequent, but their frequency appears to be 
rising [11]

Fungal infections:

• Fungal infections are rarely the cause of first febrile episode in neutropenic 
patients. More commonly, they are identified as causes of persistent or recurrent 
fever beyond the first week of neutropenia [12, 13].

• Fungal infections are commonly seen in high risk febrile neutropenia while they 
are rarely seen in low risk cases [12, 13].

• Prolonged duration of severe neutropenia is the major risk factor for invasive 
fungal infections [12, 13].

• Candida spp. and Aspergillus spp. account for most invasive fungal infections 
during neutropenia.

• Candida infections are usually acquired through gastrointestinal tract coloniza-
tion and translocation across damaged intestinal epithelial surface [14].

• Fever is often the sole manifestation of candidemia. Erythematous macronodular 
skin nodules may occur in some patients with candidemia [14].

• Median time of candidemia following standard remission-induction therapy for 
acute myelogenous leukemia (AML) is about 16 days (range 13 to 25 days) from 
the first day of the cytotoxic regimen, coincident with the time of maximum 
cytotoxic therapy-induced intestinal epithelial damage [14].

• Candida albicans accounts for the majority of candidemias; C. glabrata, C. trop-
icalis, and other Candida spp. account for the remainder [15].

• However, higher proportions of candidemias are due to non-albicans Candida 
species when Fluconazole prophylaxis has been administered [15].

• Candida spp. are also commonly found as fungal causes of central venous 
catheter- associated infections and can cause disseminated candidiasis as well.

• Aspergillus infections are acquired by inhalation of airborne spores (conidia) 
into the upper and lower respiratory tract followed by germination and invasive 
hyphal growth [16].

• Aspergillus infections primarily affect the lower respiratory tract (pneumonia) 
and upper respiratory tract (sinusitis) but may also involve the central nervous 
system, bones, and skin [16].

• Mucormycosis can cause life-threatening rhino-orbital-cerebral, pulmonary, and 
disseminated infections in immunocompromised hosts, particularly those with 
prolonged neutropenia, uncontrolled hyperglycemia due to pre-existing diabetes 
mellitus or administration of glucocorticoids [17].

• Fusarium spp. have been increasingly reported to cause invasive fungal infec-
tions in patients with hematologic malignancies with prolonged severe neutrope-
nia or significant glucocorticoid exposure.
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Viral infections:

• Viral infections, particularly human herpes virus infections, are commonly seen 
in high risk febrile neutropenia

• Most herpes simplex virus (HSV-1 and -2) and varicella zoster virus infections in 
adults are due to reactivation of latent infections in seropositive patients [18].

• Infections caused by community-acquired respiratory viruses (CARVs) are a sig-
nificant threat to patients with hematologic malignancies and stem cell 
transplantation.

21.6  Treatment

Fever in neutropenic patients should be considered as a medical emergency. It is 
critical to identify neutropenic fever early and to initiate empiric systemic antibacte-
rial therapy promptly after blood cultures have been obtained in order to avoid pro-
gression to a sepsis syndrome and possibly death.

The aim of empiric therapy is to cover the spectrum of the most likely and most 
virulent pathogens that may rapidly cause serious or life-threatening infection in 
neutropenic patients. The following general principles apply: [19–21]

• Though antibiotics are usually started empirically but they should possess appro-
priate coverage for suspected or known infections. Even when the pathogen is 
known, a broad spectrum antibiotic regimen must be chosen for empiric cover-
age for the possibility of copathogens, unlike the treatment strategy adopted in 
many immunocompetent hosts.

• Initial antibiotic selection should be guided by the patient’s history, allergies, 
symptoms, signs, recent or concurrent antibiotic use and culture data, and aware-
ness of the susceptibility patterns of institutional nosocomial pathogens

• In high-risk patients, antibiotics should generally be administered intravenously 
(IV) in a hospital setting while low risk patients can be managed by oral antibiot-
ics in out-patient setting

• Ideally, antibiotics should be bactericidal.
• Antibiotics should be started within 60 min of initial presentation.
• Clinical response and culture and susceptibility results should be monitored 

closely; therapy should be adjusted in a timely fashion in response to this 
information.

 A. Low risk febrile neutropenia: [19, 22, 23]
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Low risk febrile neutropenia patients who are not receiving prophylactic 
Fluoroquinolones:

• These patients are usually managed on an out patient basis with oral antibiotics
• Commonly used oral antibiotic regimen for low risk febrile neutropenia is a 

combination of β-lactam agent eg. Amoxycillin-Clavulunate (500 mg/125 mg 
orally three times daily or 875 mg/125 mg orally twice daily) with a fluoroqui-
nolone (Ciprofloxacin 750 mg twice daily)

• Levofloxacin 750 mg once daily (in combination with Amoxycillin-Clavulunate) 
is an alternative to Ciprofloxacin but Ciprofloxacin is preferred as added gram 
positive coverage of Levofloxacin is not required when Amoxicillin-Clavulanate 
is used.

• Alternative regimens:
 1. Levofloxacin (750 mg OD) /Moxifloxacin (400 mg OD) monotherapy is a 

reserved option for patients who are allergic to penicillin and who also cannot 
take cephalosporins.

 2. Clindamycin (300 mg QID) is also an option in penicillin allergic patients
 3. Cefixime (400  mg OD) can be given in patients allergic to penicillin but 

deemed fit for cephalosporin
Low risk febrile neutropenia patients who are receiving prophylactic 
Fluoroquinolones:

• Such patients should receive one of the IV regimens recommended for high-risk 
patients in order to provide adequate activity against P. Aeruginosa

• It is reasonable to give an IV antibiotic regimen on an outpatient basis provided 
that the patient meets all the criteria for being at low risk for complications.

Monitoring:

• Patients should be monitored frequently at least in the initial 3 days; monitoring 
parameters include vital signs, oral intake, complete blood counts, fluid and elec-
trolyte status etc.

• Defervescence of fever and resolution of foci of infection present at baseline are 
the primary goals while treating low risk as well as high risk febrile 
neutropenia.

• The observed median times to defervescence for patients with low risk febrile 
neutropenia is about 2 days

• Persistence of fever beyond the expected median time to defervescence of 
2–3 days should mandate a reassessment and consideration of modification of 
the initial empiric regimen and hospital admission.

• The need to modify the regimen should be driven by clinical and/or microbio-
logic evidence for resistant organisms and evidence of ongoing and progressive 
infection.
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Duration of anti-microbial therapy: [24]

• Optimal duration of antibiotics in febrile neutropenia is a matter of debate; how-
ever, antibiotics is usually continued until myeloid recovery i.e. recovery of 
ANC ≥ 500/mcl

• Low risk febrile neutropenia patients without any microbiological or clinical evi-
dence of infection: Antibiotics are to be given until documentation of at least 2 
afebrile days after ANC has recovered (ANC ≥ 500/mcl)

• Low risk febrile neutropenia patients without any microbiological or clinical evi-
dence of infection: Most documented infections, such as pneumonia or blood-
stream infection, require 10–14 days of therapy, which may extend well beyond 
the time of myeloid reconstitution

 B. High risk febrile neutropenia:

Patients with high risk febrile neutropenia should ideally be managed with IV anti-
biotics in a in-patient setting.

1. Choosing the initial antibiotic regimen: [19]

• The initial antibiotic of choice is monotherapy with an anti-pseudomonal 
β-lactam antibiotic (, Piperacillin-Tazobactam, Meropenem, Imipenem, 
Cefepime)

• Cefoperazone-Sulbactam and Ceftazidime monotherapy should usually be 
avoided because of rising resistance among gram negative organisms to these 
agents and their comparatively lesser gram positive coverage compared to other 
alternatives.

• Some form of combination therapy should be chosen in patients who are clini-
cally unstable or if there is high risk of infection caused by resistant gram nega-
tive organisms (second antibiotic with gram negative coverage is added) or if 
there is some evidence of infection by gram positive organisms (second antibi-
otic with gram positive coverage is added).

• In our institute, all patients with high risk febrile neutropenia are started with 
combination of two antibiotics with gram negative coverage as follows:
 – Patients is clinically stable & previously not exposed to multiple antibiotics: 

A combination of Cefoperazone-Sulbactam and Amikacin is started
 – Patient is clinically unstable, heavily treated with antibiotics & resistant 

organisms suspected: A combination of Meropenem and Amikacin or 
Meropenem and Cefoperazone-Sulbactam is started

• Initial empiric regimen options in penicillin allergic patients:
• Aztreonam + Vancomycin (Preferred)
• Ciprofloxacin + Clindamycin
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• Gram positive antibiotics are not routinely given in initial empiric antibiotic regi-
men except in certain situations. Indications for addition of antibiotics with gram 
positive coverage at initial presentation include
 – Hemodynamic instability
 – Known colonisation with MRSA
 – Pneumonia
 – Severe mucositis
 – Skin or soft tissue infections
 – Clinically evident catheter related infection

• Vancomycin is the glycopeptide antibiotic of choice for gram positive coverage. 
However, due to its lower nephrotoxicity potential, Teicoplanin is more popular 
in our setting. Linezolid is to be used if VRE is isolated or suspected.

• Daptomycin is another alternative to vancomycin, but it has been less well stud-
ied and should not be used for pulmonary infections because it is inactivated by 
surfactant and therefore does not achieve sufficiently high concentrations in the 
respiratory tract

2. Modification of the initial antimicrobials regimen: [19]
The observed median times to defervescence for patients with high risk febrile 

neutropenia is about 4 to 5 days in case of patients with haematologic malignancies 
or haematopoietic stem cell recipients while it is about 2  days in solid cancer 
patients. However, those patients with persistence of fever beyond expected time 
and those with clinical deterioration may require modification of the initial antimi-
crobial regimen. Modifications to the antimicrobial regimen during the course of 
neutropenic fever can be made based upon the following principles

• The initial treatment regimen should be modified based upon clinical and micro-
biologic data.

• Patients with persistent fever who become hemodynamically unstable after ini-
tial doses of a standard antimicrobial regimen for neutropenic fever should have 
their regimen broadened to include coverage for resistant gram-negative, gram- 
positive, and anaerobic bacteria as well as fungi.

• Unexplained persistent fever in a patient who is otherwise stable rarely necessi-
tates an empiric adjustment to the initial antibacterial regimen.

• Documented infections (based on clinical findings and/or microbiologic data) 
should be treated with antibiotics that are appropriate for the site and susceptibil-
ity patterns of organisms that are isolated.

• If vancomycin or other gram-positive coverage was started initially, it may be 
stopped after 2–3  days if there is no evidence of a gram-positive infection. 
Vancomycin overuse has been associated with the development of resistance (eg, 
vancomycin-resistant Enterococcus spp).

• Empiric antifungal coverage should be considered in high-risk patients who have 
persistent fever after 4–7 days of a broad-spectrum antibacterial regimen and no 
identified source of fever.

R. K. Giri and R. K. Sahoo

https://www.uptodate.com/contents/daptomycin-drug-information?search=febrile+neutropenia&topicRef=1400&source=see_link
https://www.uptodate.com/contents/vancomycin-drug-information?search=febrile+neutropenia&topicRef=1400&source=see_link
https://www.uptodate.com/contents/vancomycin-drug-information?search=febrile+neutropenia&topicRef=1400&source=see_link


243

• Oral ulcerations may be due to herpes simplex virus or Candida spp. Thus, addi-
tion of acyclovir and/or Fluconazole may be warranted if these findings are 
present.

• In patients with diarrhea, if there are abdominal signs, empiric therapy of C. dif-
ficile can be instituted while assays are pending

Persistent fever

• Key factors in the management of patients with persistent fever include whether 
the patient is clinically stable, whether there is an identified site of infection, and 
when the patient is expected to recover from neutropenia.

• Unexplained persistent fever in a patient who is otherwise stable rarely necessi-
tates an empiric adjustment to the initial antibacterial regimen.

• Patients with persistent fever should be re-evaluated eg. Clinical examination, 
chest/abdomen imaging for focus of infection, blood cultures etc.

• Antibiotic resistance: [25–28]
• The following antibiotics can be used when resistant infections are suspected:

 – MRSA: Vancomycin, linezolid, or daptomycin; daptomycin should be avoided 
in patients with pneumonia

 – VRE: Linezolid or daptomycin.
 – ESBL-producing gram-negative bacilli: A Carbapenem (eg, Imipenem, 

meropenem).
• Carbapenemase-producing bacteria, including K. pneumoniae carbapenemase: 

Colistin or tigecycline
• Anti-fungal therapy: [29, 30]
• An empiric antifungal agent should be added after 4–7 days in high-risk febrile 

neutropenia patients with persistent fever. The rationale for this approach is that 
undiagnosed fungal infection is seen in many patients with prolonged neutrope-
nia. In patients who are clinically unstable or have a suspected fungal infection, 
antifungal therapy should be considered even earlier.

• Choice of anti-fungal agent:
• The 2010 IDSA guidelines for empiric antifungal therapy recommend 

Amphotericin B deoxycholate, Liposomal Amphotericin B, Caspofungin, 
Voriconazole, or Itraconazole as suitable options for empiric antifungal therapy 
in neutropenic patients

Patient clinical profile Preferred antifungal Additional information

–  Persistent febrile 
neutropenia

–  No evidence of fungal 
infection eg. Pulmonary 
nodules, sinusitis

–  No h/o antifungal 
prophylaxis

Caspofungin
Any other Echinocandin

Candida sp. is likely cause in such 
cases and Echinocandins have very 
good activity against Candida
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Patient clinical profile Preferred antifungal Additional information

–  Persistent febrile 
neutropenia

–  Nodular pulmonary 
infiltrates

–  Not on anti-fungal 
prophylaxis

Voriconazole
Amphotericin B 
(Preferably Liposomal 
formulation)
Other options:
Posaconazole
Isavuconazole

Nodular pulmonary infiltrates suggest 
mold infection
Aspergillosis is the most common 
mold infection in neutropenic 
patients

–  Persistent febrile 
neutropenia

–  Nodular pulmonary 
infiltrates

–  H/O anti-fungal 
prophylaxis

A different mold active 
antifungal to be used

Suspected Mucormycosis Amphotericin B Echinocandins and Azoles are less 
active

 – Institutional practice:
 1. Anti-fungal prophylaxis: Voriconazole (Preferred) or Itraconazole
 2. Empiric antifungal in persistent febrile neutropenia: Amphotericin B; 

Echinocandins are sometimes added later in refractory cases
 – Central venous catheter removal: [19]
 – If blood cultures drawn from the CVC become positive at least 120 min before 

peripheral blood cultures drawn at the same time, then the CVC is likely to be the 
source of the bacteremia.

 – In addition to antibiotics, CVC removal is recommended for patients with 
catheter- related bloodstream infections caused by any of the following organisms:

 1. S. aureus
 2. P. Aeruginosa
 3. Candida species
 4. Rapidly growing Non-tuberculous mycobacteria
 – Other indications for CVC removal are

 1. Bloodstream infection that persists despite ≥72 h of therapy with appropriate 
antibiotics

 2. Tunnel infection, Port pocket infection
 3. Septic thrombosis
 4. Endocarditis
 5. Sepsis with hemodynamic instability
 – Antibiotics should be administered for a minimum of 14 days following catheter 

removal and clearance of blood cultures.
 – A prolonged duration of treatment of 4–6 weeks is recommended for patients 

with complicated CVC-associated infections, such as those with deep tissue 
infection, endocarditis, septic thrombosis, or persistent bacteremia or fungemia 
occurring >72 h following catheter removal in a patient receiving appropriate 
antimicrobial therapy
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Duration of antimicrobial therapy: [31]

• If the patient has been afebrile for at least 3 days and the ANC is ≥500 cells/
microL and is showing a consistent increasing trend, antibiotics are generally 
stopped.

• If an infectious source of fever is identified, antibiotics should be continued for 
at least the standard duration indicated for the specific infection (eg, 14 days for 
E. coli bacteremia)

 Dr. BRA-IRCH, AIIMS High risk febrile neutropenia antibiotic protocol

Sl 
no Antibiotic name Adult dose Pediatric dose
1 Cefoperazone- 

Sulbactam
Cefoperazone = 100 mg/kg day 
in 2–3 div doses

Cefoperazone = 100 mg/kg day 
in 2–3 div doses

2 Amikacin 15 mg/kg day single dose 15 mg/kg day single dose
3 Meropenem 60–120 mg/kg day in 2–3 div 

doses
60–120 mg/kg day in 2–3 div 
doses

4 Imipenem 500 mg QID 20 mg/kg dose QID
5 Teicoplanin 400 mg BD for 3 doses f/b OD 10 mg/kg dose BD for 3 doses 

f/b OD
5 Piperacillin- 

tazobactam
Piperacillin = 100 mg/kg dose 
TDS/QID

Piperacillin = 100 mg/kg dose 
TDS/QID

6 Colistin 1.5 mIU/kg loading f/b 0.5mIU/
kg dose TDS

1.5 mIU/kg loading f/b 0.5mIU/
kg dose TDS

7 Tigecycline 100 mg loading f/b 50 mg BD 1.5–3 mg/kg loading f/b 1–2 mg/
kg dose BD

8 Clindamycin 600–2700 mg/day in 2–4 div 
doses

20–40 mg/kg day in 3–4 div 
doses

9 Daptomycin 6–8 mg/kg OD 6–8 mg/kg OD
10 Linezolid 600 mg BD 20–30 mg/kg day 2–3 div doses
11 Vancomycin 500 mg TDS 15 mg/kg dose TDS
12 Levofloxacin 750 mg IV 10 mg/kg dose OD
13 Aztreonam 30 mg/kg dose TDS 30 mg/kg dose TDS

Sl 
no

Antifungal 
name Adult dose Pediatric dose

1 Voriconazole 200 mg BD 9 mg/kg/dose BD
2 Amphotericin B

Conventional
1 mg/kg OD 1 mg/kg OD

3 Amphotericin B
Liposomal

3–5 mg/kg OD 3–5 mg/kg OD

4 Caspofungin 70 mg loading f/b 50 mg 
OD

70 mg/m2/dose loading f/b 50 mg/m2/
dose
(max: 70 mg)
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21.7  Case Vignettes

Case 1: 20 year old male with therapy related AML, developed febrile neutropenia 
on day +14 following consolidation HiDAC chemotherapy. On examination, he was 
hemodynamically stable and systemic examination was normal. There was evi-
dence of PICC line site thrombophlebitis.

Qu. 1: What should be the initial antibiotic regimen for this patient?
Ans: This is a case of high risk febrile neutropenia as the expected duration for 

recovery of neutrophil counts is more than 7 days. So, this patient must be managed 
with IV antibiotics with anti-pseudomonal coverage ideally in an in-patient setting. 
Since, there is a focus of catheter site infection, a gram positive coverage should 
also be given to this patient. So, a combination of antibiotics with anti-pseudomonal 
activity and an antibiotic with gram positive coverage should be started.

Qu.2 Should the PICC line be removed at this point?
Ans: No; there is no indication to remove the PICC line at this point. However, if 

the patient remains febrile 72 h after starting the antibiotic or if blood culture grows 
organisms like S aureus, Pseudomonas sps, Candida sps and Non-Tuberculous 
Mycobacteria or there is hemodynamic instability, catheter removal can be 
considered.

This patient was started on Inj Cefoperazone + Sulbactam, Inj Levofloxacin and 
Inj Teicoplanin. Patient became afebrile within 24 h of starting the antibiotics. PICC 
line site had also improved. But, the patient again developed fever after 72 h. On 
examination, patient was hemodynamically stable and there were no new clinical 
focus of infection. Blood c/s was sterile.

Qu.3 Does the antibiotic regimen needs to be changed?

• Ans: Yes; In view of breakthrough fever despite administration of anti- 
pseudomonal antibiotics, antibiotic resistance should be suspected. Carbapenems 
can be started at this point.

• Qu. 4 Are any other investigations required at this point?

Ans: Since, the patient is having prolonged neutropenia with breakthrough fever, 
possibility of fungal infections must be suspected at this point. Thus, HRCT- Chest 
to rule out fungal pneumonia and serum Galactomannan level must be done.

Inj Levofloxacin was changed to Inj Meropenem first {Magnex + Meropenem + 
Teicoplanin} and then, Inj Magnex was changed to Inj Piperacillin-Tazobactam 
{Pip-Taz + Meropenem + Teicoplanin} as fever persisted. HRCT-Chest was done 
which revealed patchy areas of consolidation with surrounding GGOs in bilateral 
lungs suggestive of fungal infection. Voriconazole dose is increased to 300 mg BD 
{Earlier patient was on prophylactic Voriconazole @ 200 mg BD}. Gradually, the 
fever spikes came down and there was no breakthrough fever until recovery of the 
ANC to ≥500/mcL.

Case 2: A 26  year housewife, newly diagnosed case of AML presented with 
fever along with left submandibular cellulitis. On examination, she was frail but 
hemodynamically stable. Local examination revealed left sub-mandibular tender 
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swelling with overlying redness. USG revealed only inflammatory changes with no 
evidence of abscess. She was chemotherapy naive at the time of presentation.

Qu 1 What should be the initial antibiotic regimen for this patient?
Ans: This is a case of high risk febrile neutropenia as this patient is having dis-

ease related febrile neutropenia with no chance of recovery of neutrophil count 
without chemotherapy. With chemotherapy, there will be further neutropenia as 
well before final recovery of normal blood cell elements. Along with these factors, 
she is also frail and burden of disease is high. So, ideally this patient should be man-
aged with IV antibiotics with anti-pseudomonal coverage. Since, there is a focus of 
soft tissue infection, a gram positive coverage should also be given to this patient. 
So, a combination of antibiotics with anti-pseudomonal activity and an antibiotic 
with gram positive coverage should be started.

This patient was started on combination of Cefoperazone-Sulbactam and 
Amoxycillin-Clavulanate. As the general condition deteriorated, Inj Meropenem 
was added and Amoxycillin-Clavulanate was changed to Inj Teicoplanin. Patient 
became afebrile within 48 h of this antibiotic modification. After a total 14 days of 
antibiotic therapy, induction 3 + 7 chemotherapy was started and antibiotics stopped.

Qu 2: After starting the 3 + 7 chemotherapy, on day +9, patient again developed 
neutropenic fever. On examination, vitals were stable and there were no obvious 
focus of infection other than the healing submandibular soft tissue infection. What 
should be done?

Ans: This should be considered as a fresh episode of febrile neutropenia {high 
risk}. After sending routine investigations like blood culture and sensitivity, chest x 
ray, serum procalcitonin and Galactomannan levels, patient should be started on 
empirical antibiotics with anti-pseudomonal activity.

This patient was started on Magnex and Amikacin. In view of persistent fever 
and a healing soft tissue focus, gram positive coverage was added early. Later, 
Amikacin was stopped and Meropenem was started as infection by ESBL produc-
ing organisms is suspected clinically.

Qu 3: Despite above treatment, patient continued to be febrile and by day 4 of 
starting the antibiotic therapy, patient developed diarrhea and right sided abdominal 
pain. On examination, she was hypotensive and there was tenderness at right iliac 
fossa. What should be done now?

Ans: Clinically, it looks like patient is having gram negative sepsis with shock. 
The likely focus of infection is neutropenic enterocolitis {Typhlitis}. For hemody-
namic part, patient should be started on IV fluid support along with inotropes with 
appropriate titration. Repeat chest x ray, blood culture, serum procalcitonin level 
and serum Galactomannan level must be done. USG-abdomen must be done to look 
for evidence of typhlitis. From antibiotics point of view, colistin must be started at 
this point as there was progression of infection leading to septicaemia despite 
administration of Meropenem which indicates infection by carbapenemase produc-
ing organisms. Also, simulataneous fungal infections must be suspected at this 
point. HRCT-Chest and serum Galactomannan levels can help in identifying 
Aspergillus sps infections. Blood culture for fungal elements may help in 
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identifying systemic candidiasis. Therapeutic antifungals like Amphotericin B/
Echinocandins/Azoles must be started as well.

This patient was started on Colistin and Caspofungin. Magnex was stopped but 
Meropenem and Teicoplanin were continued. Inotropes started. Patient was kept 
NPO and Ryles’ tube drain was placed. Abdominal imaging confirmed typhlitis. 
Blood culture grew Klebsiella Pneumoniae which was sensitive to Colistin only. 
This confirmed our clinical suspicion of an infection by carbapenemase producing 
organism. Chest imaging revealed a patch of consolidation at RUL of lung {? fun-
gal}. In view of no defervescence of fever after 24 h of starting colistin, meropenem 
was stopped and Tigecycline was added which is also active against carbapenemase 
producing organisms.

Qu 4; Despite 72  h of antibiotic therapy with a combination of Colistin + 
Tigecycline + Teicoplanin along with anti-fungal Caspofungin, patient remained 
febrile along with increasing requirement of inotropes. What should be done?

Ans: Reserve antibiotics are the options in this situation. Inj Linezolid can be 
started instead of Inj Teicoplanin which has coverage for VRSA/VRE. Inj Aztreonam 
can be added for carbapenemase producing organism coverage. Cefepime, 5th gen-
eration Cephalosporins and Phosphomycin are some other options as well. 
Piperacillin-Tazobactam can also be tried since patient was yet to be exposed to it 
but provided the clinical situation, it may not be a prudent step. Granulocyte transfu-
sions can also be considered at this point to tide over the crisis. G-CSF can also be 
tried to hasten the neutrophil recovery.

This patient was switched to Aztreonam + Colistin + Linezolid. Blood culture 
also grew Enterococcus faecium sensitive to both Vancomycin and Linezolid. Later, 
Patient developed NEC related intestinal perforation which was managed conserva-
tively. An enterocutaneous fistula also formed later. Multiple granulocyte transfu-
sions, TPN support and G-CSF were given. Patient finally recovered by day 32 of 
3 + 7 chemotherapy. Enterocutaneous fistula was surgically managed later.
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22.1  Introduction

Allogeneic hematopoietic stem cell transplantation (Allo SCT) is an important ther-
apeutic option for various malignant and non-malignant conditions. Graft-versus- 
host-disease (GVHD) is one of the most common life-threatening complications of 
Allo SCT. Despite immunosuppression, 30–70% of patients will develop GVHD 
[1]. Prevalence of grade II–IV acute GVHD and chronic GVHD is 15 and 28%, 
respectively, in Allo SCT patients admitted to ICU [2, 3]. Up to 70% of mortality 
rates are reported in acute GVHD patients requiring life-sustaining therapies [4, 5]. 
Patients with grade 3–4 acute GVHD had a 2-year survival of 20% and 5-year sur-
vival of only 8% [6].

Widespread use of alternate stem cell sources, including haploidentical donors 
in recent years, has seen an increase in GVHD prevalence. Management of 
GVHD in acutely ill patients is challenging. On the one hand, GVHD often 
affects vital organs, thus compromising their function, and on the other hand, 
GVHD therapy leads to further immunosuppression, predisposing patients to 
fatal infections.

Classically, GVHD is defined as acute or chronic depending on the time of 
onset using a cut-off of 100  days. However, this definition has been rechal-
lenged given the varied presentations of GVHD outside their predefined time-
period. To differentiate between acute and chronic GVHD, clinical manifestations 
and diagnostic criteria are being increasingly used rather than the time of 
onset [7].
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22.2  Pathophysiology

The pathophysiology of GVHD is attributed to three phases:

 1. Activation of antigen-presenting cells (APCs).
 2. Donor T cell activation, proliferation, differentiation, and migration.
 3. Target tissue destruction.

There is an activation of host antigen-presenting cells due to underlying disease and 
conditioning regimen (a combination of chemotherapeutic drugs given before SCT). 
Damage to host tissues leads to the secretion of proinflammatory cytokines, such as 
TNF- α and IL-1, and chemokines, such as CCL2–5 and CXCL9–11, increased 
expression of adhesion molecules, MHC antigens, and costimulatory molecules on 
host APCs. The intensity of the conditioning regimen and the degree of tissue injury 
appear to be associated with the risk of GVHD. Donor lymphocytes infused into the 
recipient profoundly damage tissues from the effects of the underlying disease, 
prior infections, and the transplant conditioning regimen. This leads to the activa-
tion of donor T lymphocytes and target organ damage [8].

22.3  Risk Factors and Prevention for GVHD

 1. Degree of major/minor histocompatibility disparity: It is the most critical 
determinant of GVHD risk, with the lowest GVHD incidence seen in syngeneic 
transplants [9–11]. Allo SCT types can be sorted in order of GVHD risk as fol-
lows: syngeneic < HLA matched related (sibling) < HLA-matched unrelated < 
HLA-mismatched unrelated similar to the haploidentical donor.

 2. Gender disparity: Female donor to male recipient transplants bears the higher 
risk of GVHD [12, 13].

 3. Graft source: Peripheral blood grafts have a significantly high number of T cells 
than those in bone marrow grafts, and hence peripheral blood grafts carry a 
higher risk of GVHD compared to those from bone marrow grafts [14]. Umbilical 
cord grafts cause less GVHD [15].

 4. Conditioning regimen intensity: Reduced-intensity conditioning regimens are 
associated with a lower risk of GVHD than myeloablative regimens [9, 16].

 5. Prior acute GVHD increases the risk of developing chronic GVHD [12, 17].
 6. Prophylaxis type and intensity: Calcineurin inhibitors (CNI) with/without 

methotrexate [18, 19] or mycophenolate mofetil (MMF) [20] are the most used 
GVHD prophylaxis regimens for Allo SCT from HLA-matched donors. Ex vivo 
T cell depletion of the graft [21], Anti thymocyte globulin (ATG), and high dose 
posttransplant cyclophosphamide [22] are commonly used strategies to mitigate 
the risk of GVHD in mismatched and haploidentical SCT.

Case 1: A 42-year-old female, a case of acute myeloid leukemia, presented on 
day + 40 post matched sibling stem cell transplantation with complaints of skin 
rash that started initially over palms and sole and progressed rapidly to involve 

N. Ganju et al.



253

the whole body. There were areas of bullae formation and desquamation over 
the trunk. She was on prophylactic immunosuppression with cyclosporine 
post-transplant. On evaluation, her complete blood count was normal; the 
liver function test showed bilirubin of 2.5 mg/dl with SGOT and SGPT 3 times 
the upper limit of normal, and her renal function was normal.

First Line Therapy: This patient has stage IV skin GVHD, stage I liver GVHD, 
and stage 0 gut GVHD with an overall Glucksberg grade IV GVHD (Refer to 
Table 22.1 for stages and grades of GVHD). She was started on methylprednisolone 
1 mg/kg twice a day along with skin-directed therapy. Since she had skin desquama-
tion, wound dressings were done regularly, and due precautions were taken to pre-
vent skin infections. Also, since extensive skin involvement can cause increased 
insensible water loss, strict intake output balance was maintained.

DISCUSSION: Choice of initial therapy for acute GVHD depends on organs 
involved, the severity of the disease, and the prophylactic regimen used. In grade 
II-IV acute GVHD cases, CNI levels should be optimized [9] to maintain trough 
cyclosporine level in the range of 200–400 ng/mL [23]. Standard first-line agents 
include corticosteroids, particularly methylprednisolone, initiated at a dose of 2 mg/
kg day intravenously [24]. If the patient responds, oral steroids are continued at high 
doses for 1–2 weeks and then tapered gradually over several weeks. Most centres 
consider steroid-refractory patients as those who have progressive symptoms after 
3 days or do not respond to 5–7 days of intravenous methylprednisolone 2 mg/kg in 
conjunction with CNIs. Despite being the standard therapy, the response rate to 
systemic steroids in acute GVHD is limited to 30–40%, and steroid-refractory 
patients are at an increased risk of transplantation related-mortality due to increased 
immunosuppression and infections.

Table 22.1 Glucksberg grading of acute GVHD

I—Stage 1 or 2 skin involvement; no liver or gut involvement; ECOG PS 0
II—Stage 1 to 3 skin involvement; grade 1 liver or gut involvement; ECOG PS 1
III—Stage 2 or 3 skin, liver, or gut involvement; ECOG PS 2
IV—Stage 1 to 4 skin involvement; stage 2 to 4 liver or gut involvement; ECOG PS 3
Organ Stage
Skin 1—A maculopapular rash over <25% of body area

2—A maculopapular rash over 25–50% of body area
3—Generalised erythroderma
4—Generalized erythroderma with the bullous formation and often with desquamation

Liver 1—Bilirubin 2.0–3.0 mg/dL; SGOT 150 to 750 IU
2—Bilirubin 3.1–6.0 mg/dL
3—Bilirubin 6.1–15 mg/dL
4—Bilirubin >15 mg/dL

Gut 1—Diarrhoea >30 mL/kg or > 500 mL/day
2—Diarrhoea >60 mL/kg or > 1000 mL/day
3—Diarrhoea >90 mL/kg or > 1500 mL/day
4—Diarrhoea >90 mL/kg or > 2000 mL/day; or severe abdominal pain with or without 
ileus
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In addition to systemic therapy, local skin directed therapy include:
For intact skin: Topical therapies like steroids, emollients, tacrolimus are pre-

scribed. Topical steroids of mid-high potency like clobetasol are generally applied 
to moist skin and covered with warm wet towels as an occlusive measure (wet 
wraps). Topical tacrolimus is reserved for second-line therapy.

Antihistamines and moisturizers are used for pruritis [25].
Non-intact skin: Patients are prone to super-added infections (bacterial, viral, 

fungal). The wound dressings should be done regularly and treated with an adequate 
antibiotic if deemed necessary. Extensive skin involvement can cause third-spacing, 
thus increasing fluid requirement [26]. These management strategies, at times, par-
allels that in patients with extensive burns.

Prophylaxis: Antimicrobial prophylaxis, with antibacterial, antiviral, and anti-
fungal therapy, is widely used during GVHD treatment. Commonly used agents 
include:

• Penicillin V as antibacterial prophylaxis.
• Posaconazole or voriconazole are commonly used for antifungal prophylaxis due 

to their activity against invasive mold infections [27].
• Pneumocystis prophylaxis with trimethoprim-sulfamethoxazole [28].
• Acyclovir or valacyclovir are used for herpes simplex and varicella-zoster 

prophylaxis.

Primary prophylaxis with valganciclovir/ganciclovir for cytomegalovirus (CMV) 
did not improve outcomes when compared to pre-emptive therapy. Therefore, strict 
vigilance is needed with regular monitoring for CMV viremia with DNA PCR and 
end-organ damage with CMV and other pathogens.

Continue case 1: After receiving steroids, her skin rash gradually improved. 
Her CMV PCR remained negative. Her Cyclosporine dose was optimized. On 
day 50, post-transplant, she developed fever, chills, and hypotension. She was 
shifted to the Intensive care unit. Broad-spectrum antibiotics were started 
along with vasopressors after taking appropriate blood cultures. Blood culture 
grew carbapenem-resistant Klebsiella, for which antibiotics were modified 
according to the culture sensitivity report, and steroids were tapered gradually. 
After receiving appropriate antibiotics, fever and hypotension settled in 
3–4 days. But she developed acute kidney injury. All antibiotics were modified 
according to creatinine clearance, cyclosporine adjusted according to trough 
levels, and intake output was monitored. Gradually acute kidney injury(AKI) 
settled, and she was shifted back to the ward.

Infections are an important cause of mortality in GVHD patients. These patients 
are at high risk of bacterial, viral, and fungal infections due to immunosuppression. 
They can develop invasive mold fungal infections and uncommon viral infections 
like cytomegalovirus, adenovirus, BK polyoma virus. Hemodynamic instability can 
occur in 12–75% of patients requiring ICU care. Of the infectious causes, most 
common are bacterial (13%) followed by fungal (7%) and viral (4%) infections 
respectively [29]. The chance of acquiring an infection with multi-resistant 
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organism increases with the duration of hospital stay, as well as due to previous 
antibiotics use during therapy prior to transplant.

AKI is an important cause of morbidity and mortality in sepsis. In addition to 
sepsis and systemic hypoperfusion secondary to shock, other factors that impair 
kidney function further include nephrotoxic antibiotics and antivirals. AKI is pres-
ent in 65% of patients, with almost all patients being exposed to a median of three 
nephrotoxic drugs, such as aminoglycosides, cyclosporine/tacrolimus, vancomycin, 
acyclovir, contrast agents, renin-angiotensin-aldosterone system inhibitors, liposo-
mal amphotericin, foscarnet etc. [30].

Continue case 1: After tapering steroids, she was started on second-line 
therapy with ruxolitinib as her skin rashes flared up again. LFT was normal. 
Her skin erythema stabilized after 7–10 days of treatment. After 1 month of 
ruxolitinib, she presented to the emergency with fever, cough, and respiratory 
distress. She was managed in ICU with non-invasive ventilation. CT chest 
showed bilateral ground-glass opacities. All infective work-up was negative 
except CMV PCR of 6 log copies/ml. In view of suggestive lung finds on CT 
Scan and increased CMV PCR, diagnosis of CMV pneumonitis was made. She 
was treated with ganciclovir and CMV immunoglobulin for 3 weeks. With the 
improvement of her clinical status, she was shifted to the ward, where mainte-
nance with Valganciclovir was continued, as she required prolonged 
immunosuppression.

Second-line treatment for both acute and chronic graft-versus-host disease 
remains a challenge. In this context, many agents have been tried alone or in com-
bination with, but none has convincing results. Table 22.2 summarises the list of 
available second-line agents.

Ruxolitinib is an effective and safe treatment option in steroid-refractory GVHD 
(SR GVHD). The overall response rate is 69.5% after a median of 2 weeks of treat-
ment, and 21.7% reached complete remission [31]. In a retrospective study, 95 
patients with moderate-severe GVHD refractory to steroids were treated with rux-
olitinib. The overall response rate (ORR) was 81% and 85% for acute and chronic 
GVHD, respectively, with rates of up to 46% of CR in acute and 7.3% in chronic 
GVHD [32]. Common ruxolitinib-related side effects are infections, thrombocyto-
penia, and hepatic impairment. CMV reactivation is observed in both SR-acute 
GVHD (33.3%) and SR-chronic GVHD (14.6%) patients. Hence infectious surveil-
lance is critical, and particularly CMV needs to be monitored carefully [32].

Her CMV pneumonia improved after 2–3 weeks of antiviral therapy. Meanwhile, 
she had a recurrence of skin GVHD (grade III). Because of repeated infections, she 
was started on twice-weekly Extracorporeal photopheresis.

CASE 2: A 37-year-old man was admitted to our department with abdomi-
nal pain, bloody diarrhoea, and vomiting on day 27 of his transplant. He had 
undergone myeloablative conditioning followed by haploidentical transplanta-
tion for acute lymphoblastic leukaemia. His complete blood count and renal 
functions were normal. LFT showed total bilirubin of 7 mg/dL, with conju-
gated bilirubin being 5.1 mg/dL. Infectious work was initiated. He underwent 
an urgent upper gut endoscopy and sigmoidoscopy that showed hyperaemic 
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Table 22.2 Second line agents for GVHD

Drugs Renal modification Hepatic modification Comment
Antithymocyte 
globulin

Nil Nil Steroid sparing, durable 
effects are infrequent, 
considerable acute toxicity 
during administration, 
infections

Alemtuzumab Not studied Not studied Infusion reactions, 
Reactivations of infections 
like CMV. Rarely durable 
responses

Daclizumab Nil Pre-existing hepatic 
disease, ALT/AST >2 
times ULN/ history of 
autoimmune condition 
involving 
liver—Contraindicated

Limited availability

Infliximab Nil Pre-existing—Dose 
adjustment not studied
On therapy liver injury 
(>5 ULN of liver 
enzymes)—discontinue

Preferable in Gut Disease, 
considerable risk of 
infection

Etanercept Not studied Not studied Increased infection risk
Extracorporeal 
photopheresis

Nil Nil Optimal dosing not 
established. Excellent 
safety profiles, needs 
venous access, Min platelet 
count of 30 × 109/l. Costly, 
limited availability

Mycophenolate 
mofetil

Nil Nil Spares steroids. May mimic 
gut GVHD. Can cause 
nausea and diarrhoea but 
usually well tolerated

Sirolimus No adjustment. 
But should be 
considered when 
using with 
cyclosporine and 
increased 
creatinine.

Loading dose: No dose 
adjustment
Maintenance dose: 
Child Pugh class 
A/B—Reduce dose by 
33%
Child Pugh class 
C—Reduce dose by 
50%

Risk of thrombotic 
microangiopathy, 
hyperlipidemia, 
myelosuppression, seizure, 
renal dysfunction

Mesenchymal 
stem cells

Not studied Not studied Preferable in gut GVHD, 
less side effects, repetitive 
application required. Costly 
and difficult to procure
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mucosa. Rectal and duodenal biopsies were taken and sent for histopathologi-
cal examination and CMV inclusions. With a high pretest probability of 
GVHD, he was diagnosed with grade IV Gut GVHD andgrade III Liver 
GVHD. Methylprednisolone 1 mg/kg twice a day was started as 1st line ther-
apy along with oral budesonide. Mycophenolate was continued, and the tacro-
limus dose was optimized to target a trough of 5–15 ng/ml. He was on antiviral, 
antimold as well as pneumocystis prophylaxis. CMV was monitored as per 
schedule. After 1 week of steroids and optimal tacrolimus dose, there was an 
improvement of his clinical parameters.

This patient was at high risk for GVHD as he underwent a myeloablative haploi-
dentical stem cell transplantation. In this case scenario, there was a high pretest 
probability of GVHD and lesser possibility of infection. There should be a low 
threshold to pursue histological diagnosis of GVHD by endoscopy and biopsy. 
Various limitations to histological diagnosis include sampling error, patchiness of 
GVHD-related abnormalities, and absence of early histologic abnormalities in both 
gut and liver GVHD [33]. Also, the correlation between severity on biopsy and 
clinical grading is limited to mostly stage IV disease. The differential diagnosis of 
diarrhoea with abdominal pain in an allograft recipient is given in Table 22.3.

Table 22.2 (continued)

Drugs Renal modification Hepatic modification Comment
Ruxolitinib Cr Cl 15–59 and 

any platelet 
count>5 mg once 
daily
ESRD (Cr Cl <15) 
on dialysis and any 
platelet 
count>5 mg once 
after dialysis
ESRD (Cr cl < 15) 
not on dialysis> 
avoid

Pre-existing hepatic 
impairment: Mild to 
severe impairment 
(NCI)and any platelet 
count—No adjustment
Stage III/IV liver 
GVHD and any platelet 
count >5 mg once a day 
and close monitoring

Increased risk of viral 
reactivation

Table 22.3 Mimics of gastrointestinal GVHD

Upper gut 
GVHD

Medicines, Conditioning regimen related side effects (<20 days), Herpes virus 
infections, H pylori infection with ulcer, Increased intracranial pressure

Lowe Gut 
GVHD

Residual effect of conditioning chemotherapy (<20 days), Viral infections like 
CMV, Bacterial infections and parasitic infections, Side effects of drugs like 
MMF/ brincidofovir etc

Hepatic 
GVHD

Early jaundice: Cholangitis lenta, Drug induced liver injury(DILI), Residual 
effect of sinusoidal obstruction syndrome
Cholestatic pattern: Cholangitis lenta, Drug induced liver injury, Biliary 
obstruction(sludge,stones)
Hepatitis pattern: Hepatitis due to HBV/HCV, DILI, Hypoxic injury secondary 
to respiratory failure or shock
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Definite first line therapy include steroid which should be started on the basis of 
clinical suspicion, and biopsy should be planned urgently. Along with intravenous 
steroids, oral non-absorbable steroids like beclomethasone or budesonide addition 
to systemic therapy have been shown to increase response rates and decrease sys-
temic steroid exposure [34].

Monitoring stool volume, consistency, and frequency and abdominal girth daily 
help the clinician dynamically stage the GVHD and take the appropriate and timely 
therapeutic decision. Blood in stools and increasing abdominal girth are indicators 
of grade IV GVHD, which has an abysmal prognosis with high mortality. Stool 
consistency is usually liquid with or without blood, and volume can be more than 
2 L/day. Fluid resuscitation and electrolytes management can be extremely chal-
lenging in these settings and oral intake is usually restricted. An accurate intake- 
output measurement along with frequent electrolyte assessment is required for 
appropriate supplementation. Opioids should be used cautiously for abdominal pain 
due to the risk of ileus [26]. Octreotide use can reduce the amount of diarrhea, but 
early discontinuation should be ensured to avoid ileus development and tachyphy-
laxis [35–37]. Lower GI GVHD can cause malnutrition, protein-losing enteropathy, 
and nutrient deficiencies [38]. Malnutrition is associated with decreased overall sur-
vival and increased infection risk. Maintaining nutritional status in these patients 
can be very demanding, and they should be carefully assessed by a dietician [26]. In 
the peri-transplant period, enteral nutrition is preferable to parenteral nutrition. 
Nasogastric feeding is associated with less systemic infection and significantly less 
GVHD, if started early before the onset of mucositis [39]. Parenteral nutrition with 
oral glutamine is reserved for severely ill patients [40].

Hepatic dysfunction can lead to coagulopathy, increased risk of bleeding, drug 
toxicity requiring dose modifications, and avoidance of hepatotoxic drugs. 
Supportive measures include ursodeoxycholic acid, diuretics, albumin infusions, 
with careful fluid balance monitoring [26].

Continue Patient 2: His rectal biopsy was consistent with GVHD and no 
evidence of viral infections. CMV was not detectable by quantitative PCR. After 
2  weeks of steroids, he again had severe abdominal pain along with bloody 
diarrhoea. His bilirubin level also started to rise again. He was shifted to the 
critical care unit because of a gastrointestinal bleed. He was advised for ruxoli-
tinib, but due to low platelet counts, it could not be given. Etanercept 25 mg 
subcutaneously twice weekly for 4 weeks was added as a second-line agent and 
tapering schedule of steroids given steroid refractoriness. However, his GVHD 
did not respond and he succumbed to his illness.

Grade IV gut GVHD with GI bleed requires a lot of supportive care e.g., blood 
transfusions, fluid management, intake output balance, and antibiotics. This patient 
also needed a second agent for GVHD treatment. There are 4 categories of therapy 
that are in wide use for prednisone-refractory gut GVHD, but none achieves 
>30–50% sustained responses or >20% survival: anti–T-cell antibodies (ATG, 
alemtuzumab); additional T-cell suppressive drugs (mycophenolic acid, or siroli-
mus); anti-cytokine biological agents (TNF-a, IL-6); and a variety of other therapies 
(pulse cyclophosphamide, ECP, psoralen plus ultraviolet light therapy, Janus kinase 
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inhibitors, autologous transplants, allogeneic transplants from different donors) 
[41]. Patients in early post-transplant period can have cytopenia, commonly throm-
bocytopenia due to poor graft function, drug toxicity, microangiopathic anemia, 
infections etc. This further complicates the management of these sick patients, as 
drugs like ruxolitinib, mycophenolate mofetil are best avoided in patients with 
platelet counts below 50,000/μL.

Case 3: 30-year-old male with B cell acute lymphoblastic leukaemia under-
went a match sibling transplant for relapse disease after achieving measurable 
residual disease negative remission. He was relatively well till day + 45 when he 
developed grade II skin GVHD which was managed with topical therapy and 
optimization of cyclosporine as per trough levels with which he improved. His 
posttransplant bone marrow was also MRD negative. On day + 126, he pre-
sented to emergency with progressive breathlessness over the past 2 weeks. He 
had morphea like lesions on forehead. Cardiac and infectious causes were 
ruled out on OPD work up and pulmonary function testing (PFT) showed 
restriction with markedly reduced FEV1 and FVC.

This young patient has chronic skin and oral mucosa GVHD which responded to 
topical therapy and optimization of cyclosporine. His history, negative infectious 
work up and restrictive pattern on PFT were suggestive of lung GVHD.Lungs are 
involved in up to half of patients with chronic GVHD and are of significant conse-
quence for patients in ICU. It is characterized by small airways inflammation and 
narrowing due to fibrous scarring leading to Bronchiolitis obliterans (BOS). It is 
diagnosed after excluding infectious causes and with the aid of computerized 
tomography imaging and, occasionally, histological examination [42]. The current 
definition of BOS includes: (1) FEV1 < 75% predicted and an irreversible ≥10% 
decline in <2 years, (2) FEV1-to-vital capacity (VC) ratio < 0.7 or the lower limit of 
the 90% confidence interval of the ratio, (3) absence of infection, and (4) either: (a) 
pre-existing diagnosis of cGVHD, (b) air trapping by expiratory CT, or (c) air trap-
ping on PFTs by residual volume (RV) >120% or RV/total lung capacity (TLC) 
exceeding the 90% confidence interval [43].

These patients are predisposed to recurrent infections and respiratory failure 
requiring intensive care management. The condition can deteriorate and lead to 
chronic damage to lung parenchyma, to the extent that patients may require lung 
transplant as well.

Continue case 3: His CT chest was done which showed reticulonodular pat-
tern and expiratory air trapping. He was already started on FAM regimen 
(Formoterol, Azithromycin, and Montelukast) on OPD basis. After few days he 
was admitted to ICU for worsening hypoxia and breathlessness with SPO2 of 
82% on room air. He was managed with non-invasive ventilation alongwith 
empirical broad-spectrum antibiotics and work up was done for infectious 
causes of acute exacerbation. He was started on steroids and other immuno-
suppressive therapies were optimised considering bronchiolitis after ruling out 
pneumonia. BAL was done to rule out other infectious causes including 
Pneumocystis jirovecii, nocardia infection as well as routine respiratory 
viruses. All the infections work-up was negative. Ruxolitinib was added as a 

22 Graft Versus Host Disease (GHVD) in Critically Ill Oncologic Patients



260

steroid sparing agent. He was monitored for CMV reactivation and received 
mold and PCP prophylaxis in view of high dose steroids. He gradually improved 
but required BIPAP which was continued at home with the plan of tapering 
steroids over the next few weeks.

22.4  Conclusions

Majority of the transplant patients with GVHD seek intensive care management for 
bleeding, sepsis, shock, viral or fungal pneumonia with respiratory failure, acute 
kidney injury and altered mentation. These complications arise from GVHD and its 
consequences. Patients with GVHD are on immunosuppressive drugs, hence at 
higher risk for viral infections, fungal infections, and sepsis. Grade IV GVHD has 
a > 80% mortality rate, hence early suspicion of GVHD, prompt work up to rule out 
other causes and immediate treatment are essential factors for improved survival.
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23.1  Introduction

Carcinoid tumours are neuroendocrine tumours of enterochromaffin cell origin. 
They usually arise from the gastrointestinal system (67.5%) followed by the bron-
chopulmonary system (25.3%) [1]. Carcinoid tumours are usually slow growing 
and asymptomatic. These tumours may be functional or non-functional. The func-
tional tumours secrete substances like histamine, 5-hydroxytryptamine (serotonin), 
and 5-hydroxytryptophan. Carcinoid syndrome is characterized by episodic flush-
ing, diarrhea, dyspnea, wheezing, palpitations and right heart disease. Carcinoid 
syndrome is most commonly seen in neuroendocrine tumours of midgut and foregut 
origin. Carcinoid crisis is defined as a severe manifestation of carcinoid syndrome 
characterized by fluctuations in blood pressure, flushing, dyspnoea, pruritus and 
confusion. Carcinoid crisis can be life threatening. The most common triggers of 
carcinoid crisis are anaesthesia and surgery. This is why it becomes important to 
recognise and be familiar with the management of this syndrome.

23.2  Pathophysiology of Carcinoid Syndrome

The functional carcinoid tumours secrete mediators like histamine, serotonin and 
5-hydroxytryptophan. Normally these substances get metabolized in the liver after 
passing through the portal circulation. However, tumour spread to the liver circum-
vents the liver metabolism of these substances and predisposes to carcinoid syn-
drome. During carcinoid crisis, mediators such as serotonin, histamine, 
5-hydroxytryptophan and kallikreins are secreted in large quantities from the 
tumour. Serotonin causes both vasoconstriction and vasodilatory effects depending 
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on the type of receptor to which it is bound. Increase in kallikreins leads to increased 
level of bradykinin. This leads to increase in capillary permeability causing flush-
ing, vasodilation, oedema and hypotension.

The predisposing factors for carcinoid crisis are not well defined. In some stud-
ies, presence of symptoms of carcinoid syndrome, heavy burden of disease, pres-
ence of liver metastases, high serum chromogranin A levels, high urine 5 HIAA 
levels and presence of carcinoid heart disease have been postulated as risk factors of 
carcinoid crisis [2–4]. In a study by Massimino et al., presence of liver metastases 
was the only factor in multivariate analysis predictive of carcinoid crisis [5]. In a 
study by Condron et  al., advanced age was found to be predictive of carcinoid 
crisis [6].

23.3  Signs and Symptoms of Carcinoid Syndrome

Carcinoid syndrome is characterized by episodic flushing, loose motions, pruritus, 
palpitations, dyspnoea, wheezing and heart disease. The diarrhoea in carcinoid syn-
drome is secretory, watery in nature and can sometimes be explosive. It can lead to 
electrolyte disturbances and dehydration. Diarrhoea can have a significant impact on 
the quality of life of patients. Flushing is usually sudden in onset, pink or red in 
colour, involving face or trunk, multiple episodes in a day lasting few minutes. 
Alcohol, exercise and tyramine containing foods (e.g. banana, chocolate, walnuts) 
can be the triggering factors [7]. Flushing is usually not associated with sweating. 
Sometimes flushing can present atypically on the limbs with a purplish colour lasting 
several hours. Wheezing is due to bronchoconstriction produced due to the release of 
bradykinin. The most common complication of carcinoid syndrome is carcinoid 
heart disease. It is characterized by fibrotic degeneration of heart valves. The most 
common manifestation of carcinoid heart disease is tricuspid regurgitation.

Fibrosis can also affect extracardiac sites like mesentery and peritoneum leading 
to small bowel obstruction and bowel ischemia [8]. Massive fibrosis can lead to 
mesenteric vessel occlusion and small bowel infarction [9]. Carcinoid tumours can 
also be associated with retroperitoneal fibrosis resulting in ureteric stenosis and 
hydronephrosis [10]. Rarely, cutaneous scleroderma could also be associated with 
carcinoid syndrome [11]. The essential amino acid tryptophan is a precursor of both 
serotonin and niacin production. Uncontrolled production of serotonin leads to 
diversion of tryptophan away from niacin production resulting in niacin deficiency 
[12]. Niacin deficiency can lead to pellagra, characterised by diarrhoea, dermatitis, 
hypoalbuminemia, swelling, hair loss, angular stomatitis, glossitis and encephalop-
athy [13]. Carcinoid syndromes is also linked to cognitive disorders affecting all 
cognitive domains, most specifically verbal memory, delayed verbal recall and 
visual perceptual function [14]. Another potential complication of carcinoid syn-
drome is muscle wasting and proximal myopathy as a result of malabsorption 
related to chronic diarrhoea [15].
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Carcinoid crisis is characterized by severe manifestations of symptoms of carci-
noid syndrome. The risk of occurrence of a carcinoid crisis varies between 3.4% and 
24% as per different reports [5, 16, 17]. It is characterized by flushing of skin, bron-
chospasm and severe dyspnoea, pruritus, chest pain, tachycardia, palpitations, 
arrhythmia, hemodynamic instability, peripheral cyanosis, metabolic acidosis, 
abdominal cramps, paraesthesia, hyperesthesia and confusion. Rarely carcinoid cri-
sis can be fatal [6, 18]. The clinical manifestations of carcinoid crisis can mimic 
anaphylactoid reaction. Certain factors, most notably surgery, anaesthesia and 
biopsy can serve as triggers of carcinoid crisis. Mechanical stimulation of the 
tumour, e.g., needle biopsy, intraoperative palpation of the tumour, abdominal ultra-
sound, bronchoscopy in the presence of a bronchial carcinoid, may also serve as a 
trigger factor. Other factors like stress, anxiety, excess alcohol intake, hypertension 
or hypotension, hypercapnia, peptide radionuclide therapy, hypothermia, drugs 
causing histamine release and catecholamines can also lead to precipitation of car-
cinoid crisis.

23.4  Diagnosis

The typical clinical features of carcinoid syndrome are flushing (90%), diarrhoea 
(70%), and wheezing (15%) [19, 20]. 24-h urine 5-hydroxyindoleacetic acid 
(5-HIAA) is the initial lab test of choice. The serotonin secreted by the carcinoid 
tumours is metabolized to 5-HIAA by monoamine oxidases in the liver, lungs and 
brain. 24-h Urine 5-HIAA level has a 73% sensitivity and 100% specificity for diag-
nosing carcinoid [21]. 24 h urine 5-HIAA level can be elevated in persons having 
tryptophan rich food. Hence, such food items should be avoided for at least 72 h 
prior to sample collection [22]. Serum chromogranin A has got high sensitivity but 
low specificity for the diagnosis of carcinoid. It is used to assess disease progression 
and response to treatment [23, 24]. Imaging with 68-Gallium DOTA peptides is a 
single day procedure, higher spatial resolution, improved dosimetry and ability to 
semi-quantify the activity in terms of standard uptake value (SUV) [25]. 
Transthoracic 2D Echocardiography should be done in all patients of carcinoid 
tumours specifically to look for cardiac valve abnormalities. Tricuspid valve is 
affected most commonly.

The signs and symptoms of carcinoid crisis closely mimic anaphylactic reaction. 
The predominant symptom is wide blood pressure fluctuations with a predominance 
of hypotension. It is generally encountered in a known case of mid-gut neuroendo-
crine tumour undergoing a procedure or surgery.

23.5  Differential Diagnosis

The closest differential diagnosis is anaphylactic shock.
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23.6  Prevention of Crisis

Carcinoid crisis should be anticipated by the treating team in any mid-gut NET who 
is being planned for tumour manipulation, biopsy, surgery, hepatic artery emboliza-
tion, radionuclide therapy etc.

Administration of octreotide prior to resection (300–500 mcg intravenously or 
subcutaneously) is recommended for patients with a history of carcinoid syndrome 
who require surgical procedures as it reduces the incidence of carcinoid crisis. It is 
not clear if prophylactic octreotide is needed prior to surgical resection in a patient 
without carcinoid syndrome. Many experts recommend that urinary 5-HIAA levels 
should be assayed before surgery in all patients with metastatic midgut NETs, even 
those who do not have symptoms consistent with carcinoid syndrome. Prophylactic 
and intraoperative octreotide should be administered to all patients with carcinoid 
syndrome and/or elevated urinary 5-HIAA levels. Patients with tumours that do not 
produce serotonin (e.g., rectal NETs, most pancreatic NETs, or localized midgut 
NETs) do not require prophylactic octreotide.

There are various schedules pertaining to the dose and timing of somaostatin 
analogues mentioned in different publications. 250–500  mcg bolus short acting 
octreotide dose is recommended for patients with carcinoid syndrome in whom 
minor intervention is planned. 100–150  mcg/h. infusion of octreotide is used in 
addition to the bolus dose in case a major intervention is planned [5, 26, 27]. 
Condron et al. used a similar bolus octreotide dose but the dose of intraoperative 
infusion was 500 mcg/h [6]. UK guidelines and some other publications have used 
50–100 mcg/h. infusion of octreotide to be started 2 h before the surgery and con-
tinue the infusion till 48 h after the procedure [5, 28]. In patients who are using 
octreotide for the treatment of carcinoid syndrome, higher dose of this agent may be 
needed in case of carcinoid crisis as compared to those patients who did not use 
octreotide before. The North American Neuroendocrine Tumor Society (NANETS) 
consensus guidelines recommend a preoperative bolus of octreotide 250–500 μg IV 
with extra doses available throughout the procedure in patients with suspected car-
cinoid syndrome who undergo major procedures.

To top it all, prior to any interventional procedure that will trigger the carcinoid 
crisis, dehydration or vitamin deficiency should be avoided. Electrolyte disorders, 
dehydration, and hypoproteinemia should be corrected.

23.7  Management

Severe carcinoid crisis is accompanied by hypotension or shock. The main aim of 
treatment in carcinoid crisis is to block the secretion as well as the effect of media-
tors by the tumour. Somatostatin analogues are the cornerstone of treatment. 
Intraoperative complications can still occur despite the administration of preopera-
tive prophylactic octreotide. Octreotide should be readily available and should be 
repeated as needed.
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Hypotension will generally be refractory to fluid resuscitation alone. Adrenergic 
agents to support blood pressure should BE AVOIDED as first line. Catecholamines 
and calcium actually provoke the release of mediators from the tumour and worsen 
the crisis. The blood pressure should be supported by infusion of octreotide as an 
intravenous drip at the rate of 50–200  mcg/h. Vasopressin may be used to treat 
hypotension. The patient should be carefully monitored for rapid changes in blood 
pressure.

Another drug useful in the treatment of carcinoid crisis is methylene blue. It 
competitively blocks the binding of nitric oxide synthase to guanylate synthase. 
This inhibits the activation of cyclic GMP in the downstream pathways and associ-
ated smooth muscle relaxation. Hence, methylene blue is used in the treatment of 
shock and non-cardiogenic pulmonary oedema seen in carcinoid crisis. The dose of 
methylene blue is 1 mg/kg bolus followed by 0.5 mg/kg/h. 12 h infusion [4]. Other 
dosing schedules also exist.

Other agents used in the treatment of carcinoid crisis include ketanserin (antago-
nist of 5-hydroxytryptamine receptor 2, alpha 1 adrenoreceptor, H1-histamine 
receptor), and chlorpheniramine (H1 and H2 Histamine receptor blockers) [3, 18, 
29, 30].

Diarrhoea generally responds to standard antidiarrheal medications; however 
serotonin antagonists can also control diarrhoea and malabsorption.

23.8  Key Points

 1. Carcinoid crisis is defined as a severe manifestation of carcinoid syndrome 
characterized by fluctuations in blood pressure, flushing, dyspnoea, pruritus 
and confusion.

 2. Carcinoid crisis can be life threatening.
 3. The most common triggers of carcinoid crisis are anaesthesia and surgery.
 4. Suspect and anticipate carcinoid crisis in any mid-gut NET posted for a sur-

gery, biopsy.
 5. Pre-anaesthetic check-up should include 5-HIAA.
 6. Care should be taken in those with a documented carcinoid syndrome.
 7. The signs and symptoms of carcinoid crisis closely mimic anaphylactic reaction.
 8. The predominant symptom is wide blood pressure fluctuations with a predomi-

nance of hypotension.
 9. Prevent carcinoid crisis by preoperative intravenous short acting octreotide.
 10. There are varying doses of octreotide between 150 and 500 μg. UK guidelines 

support infusion of 50 μg/h octreotide.
 11. Start the infusion 2 h. preop and continue 48 h postop.
 12. Hypotension is generally fluid non-responsive.
 13. DO NOT USE catecholamines as first line to support blood pressure.
 14. DO NOT USE iv calcium.
 15. Titrate the infusion of octreotide.
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 16. Methylene blue may be used.
 17. Octreotide should be readily available in the operation theatre and ICU.
 18. Long-acting Octreotide depot preparation are useful for Carcinoid syndrome, 

not for CARCINOID CRISIS.
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24.1  Introduction

Chronic myeloid leukemia (CML) is a malignancy which heralded an era of tar-
geted therapy with the advent of oral therapy with an oral drug Imatinib. Due to a 
slow indolent course and oral therapy, presently, the management of CML is largely 
an office based practice with survival of patients moving towards age matched gen-
eral population. However, a small yet significant proportion of patients develop a 
catastrophic complication whereby CML transforms to an acute leukemia like ill-
ness with development of more than 20% blasts cells and this phase of CML is 
called as blast crisis (BC). Blast crisis is a state of medical emergency as it can lead 
to rapid deterioration of health of a patient over a few days. There is a high risk of 
involvement of non-hematopoietic vital organs, and it invariably leads to an early 
death if not treated properly.

In the next few sections we shall discuss specific issues related to diagnosis and 
management of a case with CML blast crisis.

24.1.1  Definition of Blast Crisis

The criteria for CML-BC include ≥20% blasts in the blood or bone marrow or the 
presence of any extramedullary proliferation of blasts (also known as myeloid sar-
coma) [1]. Some of the researchers keep a cut-off of >30% blasts to diagnose 
CML-BC. The cut-off threshold may be different in various guidelines but presence 
of excess blast cells proliferation in a CML patient connotes poor prognosis [2].
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24.2  Evaluation of a Suspected Case of BC

24.2.1  Clinical Features Suggesting Development of Blast Crisis 
in a Known Case with CML

The clinical features of a patient with CML BC mimic a patient with acute leukemia 
which include pallor, easy fatiguability, loss of appetite, bleeding at various sites, 
and fever. In majority of patients, CML-BC occurs in a previously known case of 
CML following a chronic or an accelerated phase. However, according to European 
population based registry data, 2.2% patients of CML patients may present upfront 
with blast crisis phase [3]. In such cases, it is difficult to distinguish it from a de- 
novo case of acute leukemia on clinical parameters. A blood and marrow examina-
tion with PCR for bcr-abl transcript helps in differentiating these patients.

24.2.2  When to Suspect CML Blast Crisis in a Patient Presenting 
with a Myeloid Malignancy

A diagnosis of blast crisis needs high index of suspicion. If a known patient of CML 
presents with rapid decline in blood cell counts which cannot be attributed to anti 
CML treatment then it can be the first indicator of development of an accelerated 
phase or blast crisis. The second scenario to suspect development of blast crisis is 
rapid enlargement of spleen or lymph nodes in a known patient with CML. This 
organ enlargement may or may not be associated with other features like severe- 
bone pain, gum-bleeding, petechial hemorrhages, and fever.

In a patient who has blast crisis phase at the time of first presentation, a few 
simple pointers can help in differentiating it from acute leukemia. The features like 
presence of peripheral blood basophilia, presence of immature myeloid cells in the 
peripheral blood like myelocytes and metamyelocytes, and presentation with a mas-
sive splenomegaly point towards a possibility of CML-BC. In such cases, diagnostic 
workup should be initiated to confirm CML in blast phase and the same is discussed 
in the next section.

24.3  Diagnosis of CML BC

24.3.1  Investigation Specific to Diagnosis of CML-BC

The WHO definition of CML BC includes >20% blast cells in bone marrow or 
extramedullary blast proliferation apart from the spleen [1]. However the European 
Leukemia Net has set cutoff for BM blast count at >30% [4]. The crucial point to 
improve survival in CML-BC involves the prompt diagnosis and early treatment 
initiation depending on morphology and immunohistological features. A complete 
blood count to get percentage of blast cells and their immunophenotyping for cor-
rect lineage identification is essential. 
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The cornerstone of diagnosis of CML BC is identification of either t(9,22) via 
FISH probe or a bcr-abl fusion gene with help of PCR. In a new patient, these tests 
can be performed, both, from a peripheral blood sample or a bone marrow aspirate. 
Peripheral blood sample has advantage of ease of acquisition but a bone marrow 
examination also provides valuable additional information about haemato- 
morphology and status of other cell lines. A PCR can also identify the type of fusion 
transcript which can help to distinguish a patient of CML-BC with a case of 
Philadelphia positive ALL.

24.3.2  Investigation for Prognostication and Treatment Planning 
for CML-BC

The CNS infilteration rates of lymphoid BC match with that of a de novo ALL case 
and these patients may deteriorate rapidly due to CNS manifestations of the leuke-
mia. CNS involvement in a patient with CML-BC is a very poor prognostic marker. 
Hence, CSF cytopathology assessment should be done in all patients. A CSF exami-
nation at the time of diagnosis also provides an opportunity to give prophylactic 
intra-thecal chemotherapy.

In CML-BC there is an array of nonrandom, chromosomal aberrations character-
istic of clonal evolution similar to other hematologic malignancies. In addition to 
t(9,22), the major abnormalities like isochromosome 17q, trisomy 8 additional Ph 
chromosome significantly predicted shorter survival. Major additional cytogenetic 
abnosrmalities are seen in 90% of CML BC patients and they represent early events 
leading to hematopoiesis failure and blastic differentiation [5].

Another significant clinical marker of poor prognosis is a lack of achievement of 
significant cytogenetics response to the initial TKI therapy.

Unfavorable Prognosis [6] Favorable Prognosis
1. Major clonal evolution
2. 50%blast cell
3.  Short CML Chronic 

phase duration
4. Extramedullary disease
5. Age > 60 years
6. LDH high

1. Achievement of major hematologic response
2. Complete cytogenetic response to first-line treatment

24.4  Emergency Challenges Associated with CML BC

As the name “blast-crisis” suggests, it is a state of acute crisis which targets multiple 
organ systems simultaneously. From the perspective of hemato-oncology practice, 
CML-BC is a state of oncologic emergency and following conditions need immedi-
ate attention.
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24.4.1  Hyperleukocytosis and Leukostasis

High WBC count is a common characteristic of a newly diagnosed patient with 
CML. In the state of blast crisis, the number of immature blasts increase exponen-
tially. Hyperleukocytosis is usually defined as a state of WBC >1,00,000/microliter 
[7]. The immature cells are large in size and they also have a large size nucleus 
which makes them less flexible, therefore, these blast cells are unable to navigate 
through tight capillaries. As a result, these cells clog small capillaries of most vital 
organs and  this leads to acute organ dysfunction. The main organs affected with 
leukocytosis are [1] pulmonary capillary bed- leading to hypoxia and type-1 respira-
tory failure and [2] the brain leading to headache, dizziness or seizures. The primary 
treatment of hyperleukocytosis with or without leukostasis is reduction of the white 
blood cell count. The cytoreduction can be achieved medically by using chemo-
therapeutic agent hyroxyurea but medical cytoreduction is a slower process and it 
may take 7–10 days to achieve clinically meaningful benefit. In cases where the 
dangers associated with leukostasis are imminent, a much faster reduction in cell 
count is needed and this is best achieved by doing leukapheresis. In patients with 
very high leukocyte counts multiple session of leukapheresis are required. 

24.4.2  Tumor Lysis Syndrome

Tumor lysis syndrome (TLS) is a metabolic complication associated with aggres-
sive malignancies and CML-BC is one of them. It results from rapid break down of 
malignant cells which have high levels of nucleic acid. Sudden catabolism of the 
nucleotides overwhelms the enzymes of nucleotide catabolism pathway and it leads 
to accumulation of uric acid and xanthine in patient’s body. A rapid breakdown of 
cells also results into release of intracellular ions (mainly potassium and phosphate) 
into plasma leading to rapid and potentially fatal electrolyte imbalance.

TLS is characterized by hyperkalemia, hyperphosphatemia, hypocalcemia and 
hyperuricemia. Out of these metabolic alterations, hyperkalemia can lead to poten-
tially fatal cardiac arrythmias. Therefore, 6-12 hourly monitoring of serum electro-
lytes is needed in patients with CML-BC who develop TLS.

24.4.3  Hypersplenism and Splenic Rupture

Splenomegaly is the commonest clinical examination finding in patients with CML 
and at the time of occurrence of blast crisis, there is further enlargement of the same. 
A massive spleen can lead to sequestration of a large number of cells of the periph-
eral blood and creates a condition of relative cytopenia. This condition is known as 
hypersplenism. Anemia and thrombocytopenia related to hypersplenism may lead 
to symptoms associated with them. Spontaneous splenic rupture is a very rare but 
well documented complication of massive splenomegaly. It is a catastrophic event 
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which may produce massive hemoperitoneum and may lead to rapid exsanguination 
of a patient. An urgent laparotomy and splenectomy is the mainstay of its treatment.

24.4.4  Febrile Neutropenia

In patients with CML-BC there is leukocytosis due to large number of immature 
cells in the blood. However, it occurs at the expense of normal peripheral blood 
neutrophils. Moreover, in patients with leukemia the neutrophils also have func-
tional defects [8]. Therefore, these patients are at a very high risk of neutropenic 
fever. High index of suspicion for infection and early utilization of a broad spectrum 
antibiotics is needed in these cases. Severe neutropenia is also an independent risk 
factor for development of invasive fungal infection. Hence, the patients with CML 
BC should receive antifungal prophylaxis which covers for filamentous fungi like 
aspergillus. 

24.5  Management

The goal of treatment of CML blast crisis is to convert the blast phase into hemato-
logic remission  followed by allogeneic hematopoietic stem cell transplant, if 
possible.

Management of CML-BC depends on the following factors:
 1. The nature of blast crises: lymphoid or myeloid
 2. Blast crisis developing de-novo or in those previously treated with TKI
 3. BCR-ABL1 kinase domain mutation
Tyrosine kinase inhibitors (TKI) are the frontline agents for treatment of CML, at 
present. In the Pre-TKI era, attempts were made to treat CML-BC with protocols 
designed to treat acute leukemia (AL). Lymphoid blast crisis generally has a better 
prognosis compared to myeloid blast crisis. The response rates to vincristine, and 
prednisolone and other drugs used for ALL such as 6-thioguanine, 6- mercaptopurine, 
cytosine arabinoside and methotrexate ranged from 15 to 50%. However the 
response duration is short (median duration is 14 months) and median overall sur-
vival only around 17 months. For myeloid blast crisis, AML-type induction thera-
pies with combination chemotherapy agents like anthracyclines, cytosine 
arabinoside, 5-azacytidine, etoposide, fludarabine and decitabine achieved response 
rate of ~10%. Overall, treatment of CML-BC turned out to be less successful com-
pared to de novo Acute leukemia.

Currently in the TKI era, the overall incidence and outcomes of blast crisis has 
improved with the better elimination of effect of BCR-ABL1 translocation. A TKI, 
as a single agent or in combination with chemotherapy regimen is the treatment of 
choice for CML  blast crisis. For  exmple, in cases with  lymphoid blast crisis a 
TKI, dasatinib is clubbed together with vincristine, daunorubicin and prednisolone 
is the therapy of choice [9].
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Choice of TKI: For de novo CML blast crisis, we can start with either imatinib 
600–800 mg/day or dasatinib 140 mg once daily or nilotinib 400 mg, twice in a  day 
based on kinase domain mutation profile.

If blast crisis evolves during imatinib therapy, treatment with a second-or third 
generation TKI either dasatinib 140 mg, nilotinib 2 × 400 mg, bosutinib 500 mg or 
ponatinib 30–45  mg (according to kinase domain mutation profile) with/without 
conventional chemotherapy drugs is the treatment of choice followed by allo-SCT 
[10]. In case of V299L, T315A, or F317L/V/I/C mutations, nilotinib is preferred 
over dasatinib. In case of Y253H, E255K/V, or F359V/C/I mutations, dasatinib is 
more effective than nilotinib. In case of T315I ponatinib is indicated.

24.6  Role of BMT

Allogeneic stem cell transplant (AlloSCT) gives the best chance of long-term remis-
sion or cure in CML-BC. Based on recent data, alloSCT is the treatment of choice 
once a second chronic phase (CP) is reached with single agent or combination 
TKI with chemotherapy [11]. Transplantation can be performed with HLA-identical 
related donor or matched unrelated donor, or a haplo-identical donor. Standard con-
ditioning with busulfan and cyclophosphamide with or without total body irradia-
tion is used. Post-transplantation maintenance with TKI appears reasonable. 
Maintenance with dasatinib is recommended in lymphoid blast crisis for prevention 
of CNS relapse of leukemia as dasatinib has ability to cross the blood brain barrier.

24.7  Conclusion

CML-BC is a medical emergency which needs immediate attention and multidisci-
plinary care. These patients need hospitalization and an early initiation of therapy in 
order to avoid complications which are imminent in these cases. A close monitoring 
of rapid hematologic, respiratory, neurologic, and renal dysfunction is required. The 
availability of various tyrosine kinase inhibitors has increased efficacy of treatment 
regimen for CML-BC. However, for young patients or for patients without comor-
bidities, an allogeneic bone marrow transplant is the treatment of choice to achieve 
a long disease free survival.
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25Management of Complications 
and Toxicities Related to Chemotherapy 
in ICU
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and Seema Mishra

25.1  Introduction

As new treatments continue to evolve for cancer management, survival for patients 
has been increasing. Even metastatic cancers are getting converted to chronic dis-
eases with life-prolonging newer therapies. As a result, we are seeing an upshoot in 
the number of cancer patients admitted to intensive care units (ICUs). Admission to 
the ICU may be due to acute toxicities of treatment or worsening of the cancer itself. 
The intensivist must be aware of the spectrum of chemotherapy-related toxicities 
and their management.

Most commonly, a cancer patient will be referred to the medical ICU when he or 
she becomes sick during curative or life-prolonging chemotherapy, and the goal is a 
possible salvage out of an immediate crisis. It is often helpful to discuss the case 
with the treating oncologists about the patient’s disease’s treatment trajectory, the 
drugs received, his anticipations, and immediate goals. For a patient on systemic 
chemotherapy, who presents with acute sickness in the ICU, the intensivist must 
consider in his bucket list of differentials chemotherapy-related toxicity, superadded 
infection (bacterial, fungal, or viral as per the setting), a manifestation of progres-
sion of cancer, worsening of pre-existing comorbidity. E.g., a patient on induction 
therapy of acute lymphoblastic leukemia presents with altered sensorium and shock. 
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The intensivist finds that his working diagnosis is high-risk febrile neutropenia, and 
he is prescribed intravenous antibiotics, fluids, and ionotropic support. A careful 
review, however, revealed that the patient has hyperglycemia (due to L-Asarginase 
and prednisolone received last week), ileus (due to vincristine) as well as fungal 
pneumonia. An MR-Venography revealed that the altered sensorium was due to 
cortical venous thrombosis (due to L-Asparaginase). The addition of antifungals, 
anti-coagulants, and hyperglycemia management made a huge difference, and the 
patient stepped out of the ICU in a week. Thus, working knowledge of chemother-
apy drugs’ possible toxicities comes in convenient and valuable for the intensivist.

Most chemotherapy-related toxicities cause a range of morbidities and involve 
different organ systems of the body depending on the drug. e.g., peripheral neuropa-
thy, rash, hypertension, nausea, etc. Many of these toxicities are detected and man-
aged in the OPD settings with supportive medications. Patients entering the ICU 
will generally be more seriously affected and sicker with either hemodynamic 
instability, altered sensorium, dyspnoea, renal dysfunction, or fever. The following 
chapter will broadly cover ICU management of these life-threatening chemother-
apy-related complications and toxicities. Nevertheless, the intensivist should also 
be aware of other “less serious” toxicities as these may accompany the serious ones 
and confound the clinical manifestations of other toxicities.

Most commonly the hematopoietic system, dermatologic, gastrointestinal, pul-
monary, cardiovascular, neurologic, are affected by chemotherapy.

With the advent of immunotherapy (Checkpoint inhibitors) and cellular therapies 
(CAR-T Cells), several newer “never-before-seen” toxicities are being increasingly 
being recognized by oncologists. Many of these cases will land up in intensive care 
units requiring specialized management and monitoring. Intensivists should keep 
themselves updated about these toxicity scenarios as well.

This chapter is designed to give an overview of these toxicities, arranged as per 
the organ systems affected and the drugs responsible.

25.2  Toxicities by Organ System

25.2.1  Myelosuppression

Myelosuppression is the most typical side effect of cytotoxic chemotherapy, mani-
festing as anemia, neutropenia, and thrombocytopenia due to dose-limiting suppres-
sion of bone marrow. Haemoglobin level less than 7  g/dL should be transfused 
according to guidelines published by the British Committee for Standards in 
Haematology in 2001; however, there is little available evidence to support ideal 
haemoglobin level [1, 2].

Current practice among hematologists uses a platelet count of 10,000/microlitre 
(without fever) and 20,000/μL (if fever present) as a threshold for prophylactic trans-
fusion. As per the American Society of Clinical Oncology (ASCO) guidelines, in 
cases of actively bleeding thrombocytopenic patients, or those requiring invasive pro-
cedures such as bone marrow aspiration, biopsies, central venous insertions, and 
removals, a platelet count >20,000/μL is desired. A lumbar puncture can be performed 
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if platelet counts >40,000–50,000/μL. More invasive surgical procedures with a high 
risk of bleeding or placement of an epidural catheter may require a platelet count 
greater than 80,000–100,000/μL in the absence of other coagulation abnormalities [3].

Neutropenia, defined as an absolute neutrophil count (ANC) ≤500 cells/mL, 
predisposes patients to febrile neutropenia and opportunistic infections and onco-
logic emergency requiring hospitalization or close Outpatient Department (OPD) 
monitoring. Around 10–50% of patients with solid cancers and more than 80% 
with haematological malignancies develop a fever with neutropenia during their 
chemotherapy regimen. Treatment should be done with empirical antibiotics pri-
marily directed against gram-negative pathogens causing life-threatening sepsis. 
In only about a half of all febrile neutropoenias, an infectious aetiology is 
identified.

“Febrile neutropenia is defined as a one-time oral temperature of greater than 
38.3°C or a sustained temperature of greater than 38°C for ≥1 h in a patient who has 
an Absolute Neutrophil Count(ANC) <500 cells/mL or ANC expected to decrease 
to <500 cells/mL within 48 h.”

Patients with solid tumours who are receiving chemotherapy will generally have 
that will last less than 7 days. About 5–30% will have neutropenic fever, with maxi-
mum chances during the first cycle of treatment. On the other hand, patients receiv-
ing chemotherapy for hematologic malignancies or those post hematopoietic 
transplants have more prolonged neutropenia that may last 2 weeks or more. The 
most typical infection source is due to translocation of gut bacteria or catheter- 
related bloodstream infections. For patients presenting with febrile neutropenia, at 
least two blood cultures should be obtained, one each from a peripheral vein and a 
central venous catheter, if present. This is followed by empiric broad spectrum anti-
biotics with anti-pseudomonal coverage. The patient should undergo a detailed his-
tory and physical examination.

The Multinational Association for Supportive Care in Cancer (MASCC) risk 
index score can identify patients at low risk for mortality and other serious compli-
cations. Those with a MASCC score of 21 or more may be considered for outpatient 
antibiotic therapy [4].

Patients with fever and neutropenia having MASCC score less than 21 points are 
high risk for complications during neutropenia. They should be admitted to the hos-
pital for evaluation and treatment of potential infection. Cefoperazone plus 
Sulbactam, Cefepime, piperacillin-tazobactam, ceftazidime, or an antipseudomonal 
carbapenem (imipenem or meropenem) are the agents widely used with proven effi-
cacy. The choice of antibiotics should be guided by previous infections, institutional 
protocols, antibiograms and susceptibility patterns. Hypotension at presentation 
indicates the upfront addition of gram-positive coverage (Vancomycin/Teicoplanin/
Linezolid). (Refer Table 25.1) [5].

Patients with neutropenic fever is monitored daily for fever and for new signs or 
symptoms. In an otherwise stable patient, we do not change or add antimicrobials 
for persisting fever but do additional work-up. Further, high-risk patients with 
hematologic malignancies where anticipated neutropenia is greater than 7  days 
should be evaluated for invasive fungal disease very closely, even requiring a CECT 
chest or paranasal sinuses. Empiric antifungal therapy is often started on day 4 of 
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persistent fever, especially in patients with acute leukaemia, those on high dose 
corticosteroids and post allogeneic hematopoietic stem-cell transplantation.

25.2.1.1  Role of Granulocyte Colony-Stimulating Factor (G-CSF)
GCSF use decreases both the nadir and the duration of neutropenia if administered 
prior to its development. Current recommendations for the use of GCSF are based 
on patient’s risk factors for developing neutropenia (age ≥ 65; poor performance 
status; existing cytopenia due to marrow involvement of malignancy; severe comor-
bidities; concurrent radiation therapy; extensive prior chemotherapy; previous epi-
sode of febrile neutropenia; and planned dose intensity >80%) [6].

25.2.2  Cardiotoxic Side Effects of Chemotherapy Agents

Many conventional chemotherapeutic agents cause cardiotoxicity. 4 categories of 
cardiac toxicity may occur due to chemotherapy (Table 25.2): (1) direct cytotoxic 
effects and associated cardiac dysfunction (e.g., anthracyclines); (2) cardiac isch-
emia e.g., fluorouracil [5-FU]; (3) cardiac arrhythmias and (4) pericarditis (cyclo-
phosphamide, cytarabine).

Table 25.1 IDSA treatment guidelines for febrile neutropenia

Criteria
High risk (Any 
One)

Empiric 
treatment (Any 
One) Specific additions to treatment

Fever 
≥38.3 °C
ANC 
≤500 cells/
mL

Anticipated 
neutropenia 
>7 days
Clinically 
unstable
Any medical 
comorbidities

Piperacillin/
tazobactam
Carbapenem
Ceftazidime
Cefepime

Vancomycin or linezolid for CRBSI, 
cellulitis, pneumonia, or hemodynamic 
instability
Aminoglycoside + carbapenem for 
pneumonia or gram-negative bacteremia
Metronidazole for abdominal symptoms 
or suspected C difficile infection
Antifungal therapy (echinocandin, 
voriconazole, or amphotericin B) if 
hemodynamic instability or fever 
persists (>4 days)

Table 25.2 Cardiovascular manifestations of different classes of chemotherapy drugs

Chemotherapy agents Cardiovascular manifestations
Anthracyclines LVD, HF, arrhythmia
5-fluorouracil Ischemia, HF, pericarditis, cardiogenic shock
Bevacizumab Hypertension, thromboembolism
Tamoxifen Thromboembolism
Cyclophosphamide HF, mitral regurgitation, pericarditis
Trastuzumab HF, LVD, arrhythmia
Cytarabine Pericarditis

LVD left ventricular dysfunction, HF heart failure
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Other ways to classify cardiotoxicity include reversible versus irreversible, acute 
versus chronic, and late onset. Irreversible damage is also known as type 1 and 
reversible damage is termed type 2. While Type 1 (direct damage) is usually caused 
by a cumulative dose; type 2 damage is not due to cumulative toxicity.

25.2.2.1  Management of Cardiotoxicity
Anthracyclines: These drugs cause Type 1 cardiac damage leading to decreased 
ejection fraction and clinical heart failure. This is dose dependent and occurs above 
a cumulative threshold of dose which is specific for each anthracycline. Neither 
betablockers nor ACE inhibitors have any preventing a decline of EF. Dexrazoxane, 
is indicated in patients receiving more than 300 mg/m2 of doxorubicin, but it has no 
role in the setting of acute heart failure due to anthracyclines.

5-FU: The incidence of cardiotoxicity with 5-FU is about 20%. The reasons 
include many factors including its pattern of administration. When 5-FU is admin-
istered as a bolus, there is less risk of cardiotoxicity than when 5FU is given as a 
continuous infusion. Typically, a patient on 5FU infusion may present with chest 
discomfort or acute onset hypotension, or dyspnoea. ECG will show signs of isch-
emia. The infusions should be immediately stopped, and the patient should be moni-
tored and managed like an acute coronary syndrome.

Trastuzumab: Trastuzumab causes a reversible heart failure in around 5% when 
administered alone and up to 25% when combined with another agent. It is there-
fore not at all combined with anthracyclines but given with paclitaxel when needed. 
LVEF should be assessed before its initiation as well as at regular intervals during 
therapy. Trastuzumab administration should be withheld for at least 4 weeks if the 
LVEF is below institutional limits of normal, or there is more than 10% absolute 
decrease from pre-treatment values [7].

High dose Cyclophosphamide: Cardiotoxicity has been reported in 7–28% of 
patients receiving high dose cyclophosphamide, typically during the conditioning 
regimen of stem cell transplants, e.g., CyBU. Cyclophosphamide causes endothelial 
dysfunction and coronary artery vasospasms, which leads to LV dysfunction, pro-
gressing to pericarditis or haemorrhagic myocarditis.

TKIs: The Tyrosine kinase inhibitors, Sunitinib and sorafenib, work by inhibiting 
VEGF, PDGF and kit receptors. There have published reports of Sunitinib and 
sorafenib causing systolic LV dysfunction and heart failure in 3–10% patients. 
Hypertension, class effect of these drugs, has been reported in around half of patients 
on sunitinib. Sorafenib rarely causes cardiac ischemia in about 3% of patients and 
leads to hypertension in 20–40% [8].

Imatinib, Nilotinib, Dasatinib are TKIs used in patients with chronic myeloid 
leukaemia and Ph-positive acute lymphoblastic leukaemia. Nilotinib and Dasatinib 
cause QT prolongation. Imatinib is associated with oedema. Dasatinib has off target 
effects on the Src nonreceptor tyrosine kinases, causing pleural effusions, fluid 
retention and pericardial effusion.

Cardiac monitoring is recommended in all patients initiating a potentially cardio-
toxic chemotherapy. Those on anthracyclines and trastuzumab therapy must have 
cardiac-function monitoring at baseline; and every 3–6 monthly during treatment.
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Recognition of the above potential cardiotoxic manifestations is extremely 
important for the intensivist dealing with a patient on chemotherapy who presents 
with hypotension, shock, or respiratory distress, the cardinal manifestations of car-
diac dysfunction. The drugs received, their temporal association with symptoms, 
and bedside echocardiography can help in detecting heart failure caused due to car-
diotoxicity of chemotherapy.

25.2.3  Pulmonary Toxicity

Many chemotherapeutic agents may affect the lungs; a few, however, produce 
severe, potentially life-threatening toxicities causing such a patient to land up in the 
intensive care unit. It is also important to recognize other less severe and chronic 
side effects as these may be confounding and complicating such a patient’s manifes-
tations. It is also essential to recognize that a patient on chemotherapy who presents 
with respiratory distress may have several other complicating factors simultane-
ously, e.g., infection, involvement by underlying malignancy (e.g., lung metastases, 
lymphangitis, or leukemic infiltrates). Therefore, the intensivist must have a broad 
list of differentials.

Among the several mechanisms by which chemotherapies can cause pulmonary 
toxicity, most important ones are direct damage to pneumocytes or alveolar capil-
lary endothelium, immunologic-mediated toxicity, and capillary leak. Depending 
on the severity of the clinical findings, a diagnosis of ALI/ARDS may be met.

Gemcitabine has been associated with NCPE, though rarely at approximately 
0.1%. Radiographic findings include bilateral infiltrates and pleural effusions. Other 
chemotherapeutic agents rarely associated with NCPE and respiratory failure 
include intrathecal methotrexate, vinblastine, and mitomycin C [9].

Retinoic acid syndrome, or ATRA syndrome, is associated with a rapid differen-
tiation of promyelocytes into neutrophils after the institution of therapy. It is char-
acterized by a constellation of clinical findings, that include fever, weight gain, 
elevated WBC count, respiratory distress, interstitial infiltrates, effusions. It occurs 
at a median of 5 days. Radiographic findings suggest pulmonary oedema and can 
include peri bronchial cuffing, GGOs, consolidation, nodules, air bronchograms, 
and pleural effusion [10]. Some patients may have episodic hypotension, and acute 
renal failure. The syndrome is highly responsive to high-dose steroids and tempo-
rary cessation of ATRA.

Bleomycin is best known for causing late-onset, dose-dependent pulmonary 
fibrosis 1–6 months after administration in up to 10% of patients. Bleomycin exerts 
its cytotoxic effect in the lungs via the generation of reactive oxygen species and 
resultant oxidative injury to pneumocytes [11].

Acute pneumonitis is a known immune-related adverse event (irAE) following 
checkpoint inhibitors and is treated with systemic steroids (see later section on 
immunotherapy).
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In most cases, the diagnosis of lung-related drug toxicity is a diagnosis of exclu-
sion. Treatment typically involves discontinuing the offending agent, supportive 
care with bronchodilators and mechanical ventilation, taking care to avoid high 
inspired oxygen concentrations in cases of bleomycin and mitomycin C toxicity, 
and systemic steroids ranging 0.5–1.0 mg/kg/day depending on severity. In instances 
of noncardiogenic pulmonary oedema, diuretics should be utilized following car-
diovascular assessment.

25.2.4  Neurologic Complications

Chemotherapy-induced peripheral neuropathy can be a debilitating side effect of 
cancer therapy. Agents commonly associated with peripheral neuropathy include 
vincristine, methotrexate, paclitaxel, cisplatin, oxaliplatin, thalidomide, and bort-
ezomib. However, these patients are usually managed in the outpatient setting and 
would not require ICU admissions. Nevertheless, working knowledge of these side 
effects might help the intensivist manage these patients’ symptoms.

More serious life-threatening situations include the following situations, which 
may present to the ICU.

In about 10% of patients receiving high-dose therapy, Busulfan can precipitate 
seizures within 24 hours of administration. Ifosfamide can precipitate encephalopa-
thy in 10–25%, manifesting as decreased attention and agitation within hours of 
administration lasting 1–4 days. High-dose Ara-C can also cause painful corneal 
toxicity associated with blurred vision, photophobia, and conjunctival injection, 
which can be prevented and treated with glucocorticoid eye drops. The cerebellar 
syndrome has also been described with high dose cytarabine and includes dysar-
thria, ataxia, and nystagmus.

Intrathecal methotrexate administration can cause aseptic meningitis in 10% of 
patients and manifests as headache, lethargy, and nuchal rigidity. Subacute central 
neurologic toxicity associated with moderate to high doses of MTX can occur 
weeks to months after administration and may present with aphasia, dysarthria, 
hemiparesis, seizures, and behavioral abnormalities. Chronic neurotoxicity occur-
ring greater than 6 months after therapy combined with whole-brain radiation can 
present as dementia, ataxia, and incontinence [12, 13].

All-trans-retinoic acid commonly causes headache and, in some cases, can be 
associated with increased intracranial pressure due to idiopathic intracranial hyper-
tension, as evidenced by papilledema.

Cortical venous thrombosis (CVT) can be a disabling complication associated 
with coagulopathy caused by L-Asparaginase or following diarrhea and dehydra-
tion associated with 5Fluorouracil or capecitabine.

While approaching a patient on chemotherapy with CNS symptoms, the inten-
sivist should also consider septic encephalopathy, CNS involvement by disease 
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(e.g., CNS metastases or leptomeningeal involvement by the tumor), drug effect, 
dyselectrolytemia, etc. in his bucket list of differentials.

25.2.5  Renal and Bladder Toxicities

The bladder and kidneys are at risk of toxicity due to anticancer therapies because 
they are the route of elimination for many of these agents. Comorbid diseases such 
as hypertension, diabetes, hypovolemia, concomitant nephrotoxic drug use such as 
nonsteroidal anti-inflammatory agents, and advanced age may increase the risk of 
developing chemotherapeutic-induced kidney injury.

Cisplatin causes proximal renal tubular impairment in reabsorption of water and 
sodium and increased renal vascular resistance leading to a decrease in creatinine 
clearance on an average of 15%. Renal tubular damage also leads to electrolyte 
abnormalities such as hyponatremia, hypocalcemia, and hypomagnesemia in up to 
10% of patients due to impaired resorption and excess renal losses. Renal salt wast-
ing syndrome (RSWS) due to cisplatin can occur as early as 12 h after administra-
tion and may be difficult to distinguish from SIADH. RSWS is characterized by 
hyponatremia, polyuria, hypovolemia, and high urinary sodium concentration with 
high fractional excretion of sodium despite volume depletion. Treatment for RSWS 
is the restoration of volume and serum sodium via saline infusion (isotonic or hyper-
tonic based on the severity of hyponatremia) or salt tablets. Free water restriction 
will not be effective since urinary losses include salt and water [14].

Ifosfamide and cyclophosphamide result in the renally cleared metabolite acro-
lein production, which is toxic to the bladder epithelium resulting in hemorrhagic 
cystitis. Prevention of hemorrhagic cystitis is accomplished by vigorous IV hydra-
tion and mesna, which binds to acrolein. In the event bleeding does occur, bladder 
irrigation to evacuate clots is necessary.

High-dose methotrexate (1–12 g/m2) causes nephrotoxicity by precipitation in 
the renal tubules where it is actively secreted as well as the collecting ducts resulting 
in renal failure due to ATN and renal obstruction, respectively. Its solubility is pH 
and volume-dependent, requiring urine alkalinization with sodium bicarbonate and 
intravenous fluids prior to administration. In severe cases of renal failure and meth-
otrexate toxicity (MTX serum level > 1 μmol/L), carboxypeptidase has been shown 
to rapidly decrease serum levels of methotrexate by hydrolyzing MTX to an inactive 
metabolite [15].

25.2.6  Thrombotic Complications

Venous thromboembolism (VTE) has been reported in >50% of cancer patients on 
autopsy. Some anticancer therapies have been shown to increase the risk of VTE 
further. In a large population-based study with 10 years of follow-up, in patients 
receiving tamoxifen, there was a relative risk of 2.4 for the development of deep 
vein thrombosis (DVT)/pulmonary embolism (PE). Cisplatin-based 
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chemotherapies are associated with an increase in the risk of vascular events, includ-
ing cerebrovascular events, arterial thromboses, superficial phlebitis, angina pecto-
ris, as well as DVT/PE [16].

Thrombotic thrombocytopenic purpura has been most associated with gem-
citabine, cisplatin and mitomycin. This occurs due to direct endothelial cell dys-
function due to the chemotherapeutic agent and resultant generation of small 
immune complexes and platelet aggregates. Compared to classic TTP-HUS, 
chemotherapy- related TTP is typically more insidious in onset, neurologic symp-
toms are less common, and it does not respond well to plasma exchange. The inci-
dence ranges from 8.5% to 15% for mitomycin-related disease cases, 2.6% 
secondary to cisplatin, and 0.015% to 1.4% due to gemcitabine. The risk of gem-
citabine induced TTP appears to increase at cumulative doses >20,000 mg/m2 and 
has a relatively later onset of 7 months compared to mitomycin. Renal failure in 
most cases is progressive and requires renal replacement therapy, while mortality 
ranges from 9% to 100% depending on the chemotherapeutic agent; however, these 
estimates are based on small case reviews [17]. Plasma exchange has been utilized 
in both mitomycin- and gemcitabine-induced TTP with mixed results (response 
rates only 30% compared to 80% in classical TTP), and its role remains controver-
sial. The response rate to immunosuppressive agents such as glucocorticoids, 
Rituximab, and vincristine has been discouraging as well.

25.2.7  Gastrointestinal and Hepatic Toxicities

The incidence of clinically significant grade 3–4 oral mucositis is 1–10% when 
associated with anthracycline-based regimens, while 5-FU–related mucositis 
approaches rates of >15%. Taxane and platinum-based regimens also have an inci-
dence of oral mucositis in the range of 3–13%; however, concomitant radiation 
increases the risk up to sevenfold. Stem cell transplant recipients (predominantly 
acute leukemia and lymphoma patients) have the highest mucositis rates because of 
high-dose chemotherapy regimens followed by head and neck patients.

The onset of mucositis typically occurs 5–7 days after treatment with chemo-
therapy or radiation and may resolve in 2–3 weeks in the absence of myelosuppres-
sion. Treatment is mainly supportive with adequate hydration, topical anesthetics 
such as lidocaine, and systemic analgesia with morphine via PCA. Present guide-
lines do not recommend chlorhexidine to treat established oral mucositis. Patients 
may require total parenteral nutrition (TPN) [18].

Mucositis involving the gastrointestinal tract can result in clinically significant 
diarrhea leading to hypovolemia and electrolyte abnormalities. Subcutaneous 
octreotide (100  μg) is recommended when first-line therapy with loperamide is 
unsuccessful. Radiation-induced proctitis accompanied by rectal bleeding can be 
treated with sucralfate enemas [19].

At least 70% of patients receiving cancer chemotherapy will experience nausea 
and vomiting, leading to dehydration, malnourishment, and electrolyte abnormali-
ties. Some of the chemotherapeutics agents with the highest emetogenic potential 
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(>60%) include carmustine, cisplatin cyclophosphamide (especially at higher 
doses), dacarbazine, procarbazine (oral), dactinomycin, doxorubicin. The current 
focus of supportive care is to successfully prevent nausea and vomiting with ade-
quate pre-medications like Aprepitant, Fosaprepitant, and post medication, e.g. 
ondansetron, olanzapine, etc. Treatment is largely supportive with IV hydration 
and/or nutrition as well as an aggressive electrolyte replacement.

Neutropenic enterocolitis, or typhlitis, is a necrotizing process involving the 
bowel due to neutropenia, most commonly resulting from the chemotherapeutic 
treatment of leukemia. Onset is within the first month of chemotherapy initiation 
and maybe occult as in most cases or present with diarrhea, abdominal pain, 
and fever.

Vinca alkaloids like Vincristine, Vinorelbine etc. may cause ileus presenting as 
constipation and abdominal distension. It commonly occurs in patients with low 
serum albumin, those on azole prophylaxis, or non-compliant prophylactic laxa-
tives. This is important to recognize as these agents form an essential component of 
multiagent chemotherapy used for leukemias and lymphomas.

Various forms of hepatotoxicity may occur because of anticancer therapies. 
Venoocclusive or sinusoidal obstructive syndrome is a feared complication of bone- 
marrow transplant. Other manifestations of hepatotoxicity include cholestasis; ele-
vations in transaminases due to hepatocellular injury; steatosis as seen with 
L-asparaginase treatment, hepatitis B reactivation, and increased hepatitis C vire-
mia due to Rituximab.

25.2.8  Immune Related Adverse Effects that can Present 
to the ICU

Immune Checkpoint inhibitors (ICI have dramatically impacted the management of 
patients with advanced melanoma, lung cancer, urothelial cancers, Hodgkin’s lym-
phoma and kidney cancers, etc.

Immune-related adverse events (irAEs) following ICIs are typically transient but 
occasionally can be severe or fatal. These side effects can affect almost any organ of 
the body, the common ones being dermatologic, diarrhoea/colitis, hepatotoxicity, 
pneumonitis, and endocrinopathies.

Quick identification of irAEs and rapid initiation of local or systemic immuno-
suppression as indicated by guidelines give best outcomes. irAES are more com-
mon with Ipilimumab than with Nivolumab or Pembrolizumab (anti- PD1) or other 
anti-PD-L1 agents. Nivolumab plus ipilimumab combination is associated with 
more toxicity than either agent given alone. Broadly, the treatment of moderate or 
severe irAEs requires interruption of the checkpoint inhibitor and the use of gluco-
corticoid immunosuppression depending on the severity of the observed toxicity.

For patients with most grade 2 (moderate) irAEs, ICIs should be stopped tempo-
rarily and should be resumed only when the toxicity is grade 1 or less. Glucocorticoids 
(prednisone 0.5 mg/kg/day or equivalent) are started if symptoms do not resolve 
within a week. Notably, for grade 2 endocrinopathies, immunotherapy may be 
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withheld until hormone replacement is initiated and subsequently resumed once 
acute symptoms have resolved.

For patients experiencing grade 3 or 4 irAE, the checkpoint inhibitor should be 
permanently stopped. High doses of glucocorticoids (prednisone 1 to 2 mg/kg/day 
or equivalent) is given. If symptoms subside to grade 1 or less, steroids are tapered 
very slowly over at least one month. If glucocorticoids are not effective in treating 
immunotherapy-related diarrhea/colitis after approximately three days, infliximab 
(5 mg/kg) needs to be considered. Infliximab, however, is not indicated for patients 
with immune-mediated hepatitis [20].

As immunotherapy is coming to the forefront and more and more agents are get-
ting approvals in the first and second line of therapy for many cancers, the intensiv-
ist is expected to be aware and versed with these unique toxicities.

25.2.9  Cytokine Release Syndrome (CRS) Following CAR-T 
Cell Therapy

Chimeric Antigen Receptors (CAR)-T Cells is the latest model of cellular therapy 
approved for the treatment of relapsed and refractory acute lymphoblastic leukemia 
and some lymphomas. Although it is not currently available widespread, its use is 
expected to increase with time. However, it is associated with a peculiar side-effect, 
called “Cytokine Release Syndrome, CRS” which is most commonly managed in 
the intensive care unit.

CRS associated with CAR-T cell therapy is an acute systemic inflammatory 
response syndrome (SIRS) manifesting as fever, with or without multiple organ 
dysfunction. The other clinical manifestations include fatigue, headache, rash, diar-
rhoea, arthralgia, and myalgia. Mild CRS can progress to a more severe syndrome, 
typically including hypotension, hypoxia. Uncontrolled SIRS can lead to vascular 
leakage, circulatory collapse, vascular leakage, peripheral and/or pulmonary 
oedema, renal and cardiac dysfunction.

CRS is a clinical diagnosis that develops hours to days after treatment with 
immune therapy. No specific laboratory studies are not required to diagnose 
CRS. Immune effector cell-associated neurotoxicity syndrome (ICANS) is a neuro-
psychiatric syndrome that can occur in some patients who are treated with immuno-
therapy. ICANS may or may not accompany CRS.  For mild CRS, symptomatic 
treatment with antihistamines, antipyretics, and fluids is typically sufficient [21]. 
For severe CRS caused by CAR-T cell therapy, initial treatment with Tocilizumab 
plus a glucocorticoid is recommended because the combination is associated with 
more rapid response and complete control. For severe CRS caused by bispecific 
antibody therapy (e.g., Blinatumomab), the infusion should be interrupted, and cor-
ticosteroids should be started [22].
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25.3  Key Points

• Most antineoplastic agents have toxic side effects. When a patient on chemo-
therapy presents to ICU, often the scenarios are complicated with a combination 
of chemo toxicity, infection, neutropenia, worsening comorbidities, and active or 
progressive cancer.

• The intensivist should have a high index of suspicion for drug related adverse 
effects in case a patient on chemotherapy arrives in the ICU.

• Bleomycin causes pulmonary fibrosis while gemcitabine and cytarabine have 
been associated with ARDS.

• Anthracyclines may cause cardiotoxicity that lead to refractory heart failure if 
not identified and managed early.

• In patients with underlying risk factors for coronary artery disease, treatment 
with 5FU can cause coronary vasospasm leading to acute coronary syndromes.

• Oral and GI mucositis may lead to dehydration and malnutrition.
• Renal salt wasting syndrome may be caused by cisplatin.
• Paralytic ileus is a known side-effect of vinca alkaloids, including Vincristine, 

Vinblastine and Vinorelbine. These agents are also known to cause peripheral 
neuropathies.

• Ifosphamide can cause acute metabolic encephalopathy. Haemorrhagic cystitis is 
typically associated with Ifosphamide treatment.

• Acute cerebellar dysfunction is associated with high dose cytarabine therapy.
• Thrombotic thrombocytopenic purpura (TTP) has been associated with therapy 

with mitomycin, cisplatin, and gemcitabine.
• Mostly the treatment of chemotherapy drug toxicity is supportive management.
• Immune related adverse effects (irAEs) after ICIs can affect any organ system at 

any time. Withholding the ICI and early use of steroids as per the grade of the 
event is crucial.

References

 1. Spiess BD.  Red cell transfusions and guidelines: a work in progress. Hematol Oncol Clin 
North Am. 2007 Feb;21(1):185–200.

 2. Murphy MF, Wallington TB, Kelsey P, Boulton F, Bruce M, Cohen H, et al. Guidelines for the 
clinical use of red cell transfusions. Br J Haematol. 2001 Apr;113(1):24–31.

 3. Schiffer CA, Bohlke K, Delaney M, Hume H, Magdalinski AJ, McCullough JJ, et al. Platelet 
transfusion for patients with cancer: American Society of Clinical Oncology clinical practice 
guideline update. J Clin Oncol Off J Am Soc Clin Oncol. 2018 Jan 20;36(3):283–99.

 4. MASCC FN risk index score [Internet]. [cited 2021 Apr 1]. Available from: https://www.
mascc.org/mascc- fn- risk- index- score

 5. IDSA GUIDELINES Bundle (free trial) - Fever and Neutropenia [Internet]. [cited 2021 Apr 
1]. Available from: http://eguideline.guidelinecentral.com/i/53994- fever- and- neutropenia/9?

 6. Gh L, Jm K. Summary and comparison of myeloid growth factor guidelines in patients receiv-
ing cancer chemotherapy. Cancer Treat Res. 2011 Jan 1;157:145–65.

R. Pramanik et al.

https://www.mascc.org/mascc-fn-risk-index-score
https://www.mascc.org/mascc-fn-risk-index-score
http://eguideline.guidelinecentral.com/i/53994-fever-and-neutropenia/9


291

 7. Mackey JR, Clemons M, Côté MA, Delgado D, Dent S, Paterson A, et al. Cardiac management 
during adjuvant trastuzumab therapy: recommendations of the Canadian Trastuzumab work-
ing group. Curr Oncol Tor Ont. 2008 Jan;15(1):24–35.

 8. Schmidinger M, Zielinski CC, Vogl UM, Bojic A, Bojic M, Schukro C, et al. Cardiac toxicity 
of sunitinib and sorafenib in patients with metastatic renal cell carcinoma. J Clin Oncol Off J 
Am Soc Clin Oncol. 2008 Nov 10;26(32):5204–12.

 9. Briasoulis E, Pavlidis N. Noncardiogenic pulmonary edema: an unusual and serious complica-
tion of anticancer therapy. Oncologist. 2001;6(2):153–61.

 10. Patatanian E, Thompson DF.  Retinoic acid syndrome: a review. J Clin Pharm Ther. 
2008;33(4):331–8.

 11. Sleijfer S. Bleomycin-induced pneumonitis. Chest. 2001 Aug;120(2):617–24.
 12. Stone JB, DeAngelis LM.  Cancer-treatment-induced neurotoxicity--focus on newer treat-

ments. Nat Rev Clin Oncol. 2016 Feb;13(2):92–105.
 13. Plotkin SR, Wen PY.  Neurologic complications of cancer therapy. Neurol Clin 2003 

Feb;21(1):279–318, x. https://doi.org/10.1016/s0733- 8619(02)00034- 8
 14. Hamdi T, Latta S, Jallad B, Kheir F, Alhosaini MN, Patel A. Cisplatin-induced renal salt wast-

ing syndrome. South Med J. 2010 Aug;103(8):793–9.
 15. Kintzel PE. Anticancer drug-induced kidney disorders. Drug Saf. 2001 Jan;24(1):19–38.
 16. Hernandez RK, Sørensen HT, Pedersen L, Jacobsen J, Lash TL. Tamoxifen treatment and risk 

of deep venous thrombosis and pulmonary embolism: a Danish population-based cohort study. 
Cancer. 2009 Oct 1;115(19):4442–9.

 17. Müller S, Schütt P, Bojko P, Nowrousian MR, Hense J, Seeber S, et al. Hemolytic uremic syn-
drome following prolonged gemcitabine therapy: report of four cases from a single institution. 
Ann Hematol. 2005 Feb;84(2):110–4.

 18. Peterson DE, Boers-Doets CB, Bensadoun RJ, Herrstedt J, ESMO Guidelines Committee. 
Management of oral and gastrointestinal mucosal injury: ESMO Clinical Practice Guidelines 
for diagnosis, treatment, and follow-up. Ann Oncol Off J Eur Soc Med Oncol. 2015 
Sep;26(Suppl 5):v139–51.

 19. Sonis ST, Elting LS, Keefe D, Peterson DE, Schubert M, Hauer-Jensen M, et al. Perspectives 
on cancer therapy-induced mucosal injury: pathogenesis, measurement, epidemiology, and 
consequences for patients. Cancer. 2004 May 1;100(9 Suppl):1995–2025.

 20. Haanen JBAG, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, et al. Management of 
toxicities from immunotherapy: ESMO Clinical Practice Guidelines for diagnosis, treatment 
and follow-up. Ann Oncol. 2017 Jul 1;28:iv119–42.

 21. Neelapu SS. Managing the toxicities of CAR T-cell therapy. Hematol Oncol. 2019 Jun;37(Suppl 
1):48–52.

 22. Siegler EL, Kenderian SS.  Neurotoxicity and cytokine release syndrome after chime-
ric antigen receptor T cell therapy: insights into mechanisms and novel therapies. Front 
Immunol [Internet]. 2020 [cited 2021 Apr 1];11. Available from: https://www.frontiersin.org/
articles/10.3389/fimmu.2020.01973/full

25 Management of Complications and Toxicities Related to Chemotherapy in ICU

https://doi.org/10.1016/s0733-8619(02)00034-8
https://www.frontiersin.org/articles/10.3389/fimmu.2020.01973/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.01973/full


293© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2022
V. Kumar et al. (eds.), Onco-critical Care, 
https://doi.org/10.1007/978-981-16-9929-0_26

K. P. Haresh (*) · S. Gupta 
Department of Radiation Oncology, AIIMS Delhi, New Delhi, India

26Radiation Induced Toxicities Requiring 
ICU Admission

K. P. Haresh and Subhash Gupta

26.1  Chapter

Life threatening complications of radiation therapy has drastically decreased today 
with the use of highly precise modern techniques of radiation. Yet, certain toxicities 
still remain a serious concern, especially in those who are treated with curative 
intent, requiring timely detection and intervention, in the setting of critical care.

26.2  Radiation Induced Lung Toxicity

Incidence of radiation induced pneumonitis in those patients receiving any form of 
thoracic radiotherapy is around 10–30%, in whom there is an increased risk of radi-
ation induced lung fibrosis [1–4].

26.2.1 Pathology

Radiation induced lung injury (RILI) is caused by both direct and indirect side 
effects of radiation by causing DNA damage in the normal cells of the lung tissue. 
The consequent fibrosis results from increase in cytokines like IL-6, TGF-beta, 
TNF-alpha.

Phase 1: This phase begins with a few hours to days after radiation exposure. 
Patient is usually asymptomatic. This is characterised by hyperaemic, congested 
mucosa with leukocytic infiltration and increased capillary permeability. This is fol-
lowed by an exudative alveolitis, with tracheo-bronchial hyper-secretion. Type 1 alve-
olar epithelial cell are destroyed and there is an increase in surfactant production [5].
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https://doi.org/10.1007/978-981-16-9929-0_26#DOI


294

Phase 2 (Latent phase): Accumulation of secretions due to increase in number of 
goblet cells.

Phase 3 (Acute exudative phase): This phase occurs 3–12 weeks after radiation 
exposure and referred to clinically as radiation pneumonitis. Type 2 pneumocytes 
become hyperplastic, with formation of hyaline membranes as a result of alveolar 
epithelial desquamation and fibrin rich exudate into alveoli.

Phase 4 (Resolution or Fibrosis): There may be resolution of hyaline membranes 
and exudates, or there may be deposition of myofibroblast within the interstitium 
along with increase in collagen, leading to decrease in lung volume. Fibrosis can 
develop as early as 6 months to years after the exposure to radiation [6, 7].

26.2.2  Risk Factors

 1. Dose of radiation: Volume of normal lung receiving 20 Gy should be less than 35 
percent of total volume, and mean lung dose should be less than 23  Gy to 
decrease the risk of pneumonitis to less than 20 percent, as per the QUANTEC 
guidelines [8, 9].

 2. Volume of irradiation.
 3. Technique of irradiation: IMRT decreases the risk of grade 3 pneumonitis, as 

compared to 3DCRT (RTOG0617) [10].
 4. Concurrent Chemotherapy: Anthracycline, paclitaxel, gemcitabine, pemetrexed 

[11, 12].
 5. Prior Thoracic radiation.
 6. Underlying lung pathology: COPD (chronic obstructive pulmonary disease), 

ILD (Interstitial lung disease), Lung collapse or volume loss.

26.2.3  Symptoms

 (a) Non-productive cough
 (b) Dyspnoea [13]
 (c) Fever- low grade, more pronounced when severe
 (d) Chest Pain- Pleuritic or sub-sternal
 (e) Malaise, weight loss

26.2.4  Signs

 (a) Crackles or pleural rub
 (b) Dullness on percussion if pleura effusion is present. Radiation induced effu-

sions do not increase in size on observation.
 (c) Severe cases can present with tachypnoea, cyanosis, pulmonary hypertension
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26.2.5  Diagnostic Evaluation

The direction of evaluation is to assess the severity of respiratory impairment, cor-
relate radiological imaging with radiation portal, and most importantly, to rule out 
other causes of symptoms like infection, thrombosis, drug or disease related pneu-
monitis, ILD, COPD or heart diseases.

There are no specific lab investigations that point to a doubt of radiation pneumo-
nitis and is usually a diagnosis of exclusion.

Imaging: Computed tomography (CT) is more sensitive than chest radio-
graph. It plays a key role when the radiation CT with dosimetric information is 
correlated with the diagnostic CT, as the findings are usually confined to the 
radiotherapy portals. Chest radiograph in the early phase typically shows peri-
vascular haziness which progress into patchy alveolar filling densities, while in 
more chronic setting chest radiograph shows coarse reticular opacities with vol-
ume loss [14].

Pulmonary function test: Pre-radiotherapy pulmonary function tests are 
compared with the PFT when the patient is symptomatic. Typically, PFT dem-
onstrates reduction in total lung volumes-Total lung capacity, forced vital 
capacity, tidal volume and lung compliance, like any other interstitial lung 
disease [15].

Bronchoscopy: The main role of flexible fibre optic bronchoscopy is to look for 
infection, drug hyper-sensitivity or underlying malignancy. Broncho alveolar lavage 
(BAL) is non-specific and usually consists of lymphocytes.

26.2.6  Treatment

The major part of treatment is based on symptomatic management comprising 
of anti-tussive treatment, supplemental oxygen and treatment of underlying co-
morbid conditions like COPD and cardiac conditions that aggravate the symp-
toms. The only drug that has been found to be useful is Prednisolone at a dose 
of 40–60 mg/day, given for 2–4 weeks, gradually tapering over 3–12 weeks. If 
there is relapse of symptoms, full dose of steroids will have to be re-started for 
2 weeks, with slower tapering of the same. Prophylaxis against Pneumocystis 
jiroveci may be considered if steroid therapy continues for more than a 
month [16].

Other experimental drugs inculde Pentoxyphilline 400 mg TDS, which is a xan-
thine derivative that enhances microvascular blood flow and also inhibit TNF and 
IL, leading to anti-inflammatory and immunomodulatory properties. Angiotensin 
converting enzyme inhibitor Captopril has also been tried.

PROGNOSIS: Once fibrosis has been established, and patient has severe respi-
ratory distress and requires ICU admission, the prognosis is very poor, with no 
effective treatment modalities to date.
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26.3  Radiation Induced Cardiotoxicity

Radiation induced cardiac toxicity is manifested in the form of the following in the 
order of incidence

• Pericarditis
• Cardiomyopathy
• Coronary Artery Disease(CAD)
• Valvular heart disease
• Conduction abnormality

Incidence: Incidence varies with different thoracic malignancies ranging from 0.5 to 
37% in breast cancer, and as high as 54% in lymphomas, depending on the survival 
associated with certain malignancies [17]. Longer the survival, higher the chance of 
detecting cardiac toxicity, with usual presentations between 10 and 20 years after 
completion of treatment. The incidence also varies in patients treated with cardio 
toxic chemotherapy, treatment of left sided versus right sided breast cancer with 
radiotherapy, technique of radiotherapy, dose of radiotherapy received, underlying 
co-morbidities, and addictions like smoking [18].

Dose of radiotherapy: Although there seems to be no minimal safe dose of radio-
therapy to the heart, studies shows the risk of a coronary event progressively 
increases with increase in radiation dose, with a relative risk increase of 7.4% for 
each 1 Gy of radiation to the heart. A case- control study calculated the risk of a 
coronary event for a 50 year old female with no coronary risk factors, to die from an 
ischemic heart disease before 80 years of age, 1.9% to 2.4%, and risk of at least one 
major coronary event increased from 4.5 to 5.4% if the mean dose received was 
3Gy. If the mean dose received was 10 Gy, the same increased from 1.9 to 3.4% and 
4.5 to 7.7% respectively [19, 20].

26.3.1  Pathophysiology

The primary mode of injury to the heart is thought to be due to generation of reac-
tive oxygen species that disrupt DNA strands, leading to secondary inflammatory 
changes and subsequent fibrosis. The deposition of myofibroblasts and platelet 
adhesion leads to narrowing of intima of coronary vessels leading to coronary artery 
disease, fibrosis of cusps of valves, myocardium and conduction fibres lead to val-
vular heart disease, cardiomyopathy and conduction abnormalities respectively [21].

26.3.2  Symptoms

Pericarditis may present as acute pericarditis within a few weeks of radiation ther-
apy, which presents with chest pain(supine position and inspiration) and low-grade 
fever. These are usually self-limiting. Around 20% of those who developed acute 
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pericarditis, may subsequently develop chronic and constrictive pericarditis, which 
presents with chest pain, dyspnoea and orthopnoea, and peri-cardiac effusions, and 
rarely develop cardiac tamponade which presents with hemodynamic abnormalities 
with hypotension, tachycardia and jugular venous distension [22].

26.3.3  Diagnosis

2D ECHO cardiogram is the most important investigation to diagnose as well as to 
follow up patients with pericarditis. ECG shows non-specific ST and T-wave 
changes or ST segment elevation in all leads. Chest X-ray and CT may show peri-
cardial effusion and pericardial thickening in chronic pericarditis. Cardiac MRI 
helps in accurate assessment of pericardial thickness. Cardiomyopathy shows 
abnormalities in ECHO, as regional wall motion irregularities, usually inferior, 
LVH and diastolic dysfunction.

26.3.4  Management

Majority of acute pericarditis is self-limiting and respond well to aspirin and colchi-
cine. Large pericardial effusion can be drained per-cutaneously or surgically. 
Recurrent effusions are managed by pericardiotomy or pericardial stripping. 
Pericardiectomy is recommended in those with constrictive pericarditis, although 
the mortality is higher as compared to constrictive pericarditis due to other causes. 
Cardiomyopathy and coronary artery disease, is usually managed on life-long medi-
cations, and would present to ICU only in case of cardiac failure.

26.4  Radiation Induced CNS Toxicity

Like other grade 4 radiation induced toxicity, this too depends on the dose of radia-
tion, volume irradiated, and dose per fraction, and additionally, it also depends on 
the status of primary disease in the brain.

Most common causes for grade 4 toxicity after CNS radiation includes:

• Raised intra cranial pressure (due to radiation induced oedema, obstruction of 
ventricles)

• Radiation necrosis
• Progression of disease in the brain-(primary brain tumour or metastasis)

26.4.1  Symptoms

• Headache
• Vomiting
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• Drowsiness
• Seizures
• Neurological deficit

26.4.2  Diagnosis

After routine laboratory investigations, and ruling our any electrolyte imbalance or 
any basic pathology in lab parameters, the first most useful investigation is a non- 
contrast CT of the head to look for gross dilatation of the ventricular system. A 
contrast enhanced MRI Brain is the imaging modality of choice, although this may 
still pose difficulties in differentiating between a progressing primary disease verus 
a radiation induced necrosis. Radiation induced necrosis is anticipated when the 
patient has received radiation 2–3 years prior, to a Dmax of 65 to 72 Gy, although 
doses lesser than this has also been reported to cause the same. The only definite 
way to confirm diagnosis includes biopsy, although patients are rarely fit for the 
same [23].

26.4.3  Management

Most important part of management includes medical decompression comprising of 
the following:

• Intravenous steroids (Dexamethasone 8  mg TDS) with monitoring of blood 
sugar levels

• Intravenous proton pump inhibitors (Pantoprazole 40 mg OD)
• Intravenous Mannitol (20%) 100 ml TDS for 3–5 days
• Carbonic Anhydrase inhibitor (Tab Acetazolamide 250 mg TDS)
• Syrup Glycerol for 2 weeks

It is important to diagnose hydrocephalus from other causes of cerebral edema as 
this is an emergency and requires urgent neuro-surgical intervention in the form of 
ventriculo-peritoneal shunt.

26.5  Others

 (a) Occasionally, patients who are posted for head and neck interstitial brachy-
therapy may require unexpected ICU management- during the insertion or 
removal of the catheters, due to unexpected bleeding and aspiration. All these 
patients are usually curable in view of small disease, by virtue of which they are 
amenable to brachytherapy, and must be aggressively salvaged.

 (b) Rarely, grade 4 radiation induced dermatitis, especially in pelvic radiotherapy 
for carcinoma anal canal, rectum and cervix, with super added infections and 
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consequent septic shock, which may have to managed aggressively with sys-
temic antibiotics as well as simultaneous wound care. Although newer tech-
niques of radiotherapy and more vigilant patient review while on radiotherapy 
have decreased such occurrences significantly
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27.1  Introduction

Haematuria is defined as the presence of red blood cells in the urine. It may be 
denoted as gross haematuria when there is visible blood in the urine. Microscopic 
haematuria denotes ≥3 red blood cells (RBC) per high power field detected in uri-
nalysis [1]. Various classification of haematuria exists based on aetiology (glomeru-
lar/non-glomerular), clinical presentation (symptomatic/asymptomatic), duration of 
symptoms (transient, intermittent or persistent) and time in relation to void (initial, 
terminal, total) [2]. While published literature on approach to haematuria in general 
populations are available, there is only a limited material discussing the manage-
ment of haematuria, particularly in critically ill cancer patients. In this chapter, we 
will discuss the potential causes, pathophysiology, clinical presentation and 
approach to haematuria in such vulnerable patient population.

27.2  Epidemiology

The exact prevalence of haematuria in critically ill cancer patients is unknown, 
possibly because of under reporting. However, haematuria is not uncommon with 
a reported prevalence of 4–20% requiring urology consultations and hospitaliza-
tion [3]. The presence of haematuria should be considered a sign of malignancy 
until proven otherwise. It is estimated that up to 4% of patients with microscopic 
haematuria and 40% of patients with gross haematuria could have an underlying 
malignancy [4].
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27.3  Aetiology

Haematuria can occur anywhere in the urinary tract due to pathology in the kid-
ney, ureter, bladder and prostate. Haematuria may be stratified based on the sig-
nificance of bleed [5] or on the site of origin [6]. A better way of classifying the 
aetiology of haematuria is to divide as medical or surgical causes. Table  27.1 
describes the common medical and surgical causes of haematuria in critically ill 
cancer patients.

Various medical conditions such as glomerular disease, infectious, inflam-
matory, bleeding diathesis and anticoagulant overdose can lead to haematuria. 
These conditions require disease specific medical management to control 
haematuria.

Non-glomerular causes of haematuria are mostly of urological origin. These 
include haematuria from the kidney, urothelium or prostate because of benign and 
malignant lesions. Other etiologies are urolithiasis, arteriovenous malformation, 
and trauma.

Table 27.1 Causes of haematuria in critically ill cancer patients

Medical causes Surgical causes
Glomerular haematuria
    1. IgA nephropathy
    2. MPGN
    3. FSGN
    4. MGN

Renal causes
1. Renal cystic diseases
2. Tumour- benign or malignant

Infectious
    1.  UTI- pyelonephritis, uncomplicated cystitis, 

prostatitis
    2. GUTB

Urothelial causes
1. Benign and malignant lesions

Inflammatory
    1. Haemorrhagic cystitis
        (a) Chemotherapy induced
        (b) Radiation induced

Prostate diseases
1. BPH
2. Prostate cancer

Bleeding disorders
    1. Haemophilia
    2. Thrombocytopenia
    3. DIC

Urolithiasis
1. Renal stone
2. Ureter stone
3. Bladder stone

Hypercoagulability
     1. RVT

Traumatic
1. Catheter related injury
2. Post biopsy

Anticoagulants
    1. Warfarin
    2. Heparin

Vascular malformations
1. AVM

Abbreviations: IgA immunoglobulin A, MPGN membranoproliferative glomerulonephritis, FSGN 
focal segmental glomerulonephritis, MGN membranous glomerulonephritis, RPN renal papillary 
necrosis, UTI urinary tract infection, GUTB genitourinary tuberculosis, BPH benign prostatic 
hyperplasia, DIC disseminated intravascular coagulopathy, RVT renal vein thrombosis, AVM arte-
riovenous malformations
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27.4  Pathophysiology

27.4.1  Glomerular Haematuria

A recent review showed an increasing incidence of glomerular haematuria in the 
United States among patients over 60 years of age [7]. Among glomerular haematu-
ria, IgA nephropathy is the most common cause accounting for 30% cases [8]. 
Other causes include membranous nephropathy, postinfectious glomerulonephritis, 
lupus nephritis, and crescentic glomerulonephritis [2].

The pathologic findings in IgA nephropathy are limited to glomerulus. The pro-
liferative changes usually confined to mesangial cells. Deposits of IgA, IgG, and 
β1microglobulin are noted in renal biopsy. These deposits induce inflammatory 
reactions in the glomerulus [9].

27.4.2  Urinary Tract Infections (UTI)

Infection can occur in any part of the genitourinary tract with most common being 
cystitis. Although most of them are asymptomatic, common symptoms include dys-
uria, haematuria, irritative lower urinary tract symptoms (LUTS) such as frequency, 
urgency with or without incontinence, foul-smelling urine, and suprapubic discom-
fort [1].

Hospital acquired UTI are the most common nosocomial infections, with an 
overall incidence density of 9.6–11.3 per 1000 ICU days [10]. The most frequent 
microbiological agents responsible are Escherichia coli, Pseudomonas, 
Staphylococcus, Klebsiella, Proteus, Enterobacter, Citrobacter, Enterococcus or 
candida species [11].

In men, bacterial prostatitis is mostly caused by infection by Enterobacteriaceae 
family. Acute bacterial prostatitis in such patients can cause significant morbidity. 
Majority of them are secondary to ascending infections from urethritis or epididymo- 
orchitis. Rarely, they can be caused by haematogenous seeding of sepsis in immu-
nocompromised patients [12].

27.4.3  Haemorrhagic Cystitis

Haemorrhagic cystitis is rare, yet frequent cause of haematuria, particularly in 
patients received radiation therapy for pelvic organ malignancies or oxazophospho-
rine class of chemotherapeutic agents. In this, haematuria occurs due to diffuse ooze 
from the bladder mucosa caused by diffuse inflammation (Fig. 27.1) [13].

Radiation-induced haemorrhagic cystitis can occur anywhere from days to years 
after radiation therapy. Haematuria in such inflammatory cases is frequently associ-
ated with severe pain [14]. Although haemorrhagic cystitis is the usual differential 
diagnosis assumed in a cancer patient with a history of radiation therapy, one has to 
be cognizant about a new onset malignancy. Further, Leapman et al. showed 9.6% 
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patients who received radiation therapy for prostate cancer presented with haematu-
ria and revealed to have urinary bladder cancer [15]. The mechanism underlying 
radiation-induced cystitis is by progressive obliterative endarteritis. The vascular 
endothelium is damaged by the radiation exposure resulting in inflammation, isch-
emia, fibrosis, necrosis and mucosal sloughing [16]. Apart from the local vascular 
compromise, super-added infections further affect the tissue repair [17].

Chemical cystitis is a form of haemorrhagic cystitis, particularly caused by expo-
sure to cyclophosphamide or ifosfamide chemotherapeutic agents. The estimated 
incidence is 2% to 40% following cyclophosphamide exposure [13]. Bladder muco-
sal inflammation is a result from the active metabolite acrolein produced by the 
liver. Acrolein causes inflammatory reactions, mucosal sloughing and subsequent 
fibrosis [18].

27.4.4  Renal Vein Thrombus

Renal vein thrombus (RVT) is a frequent cause of haematuria in newborn. However, 
it is rare in adults and results from the classical triad of endothelial injury, blood 
stasis and hypercoagulability. In contrast to children, RVT in adults is unilateral. 
The conditions associated with RVT include nephrotic syndrome, invasive tumours 
and trauma [19, 20].

Fig. 27.1 Cystoscopic image showing diffusely affected bladder mucosa in a case of radiation- 
induced haemorrhagic cystitis
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27.4.5  Anticoagulants

Anticoagulants may cause drug-induced haematuria. However, studies have shown 
that at normal therapeutic levels, anticoagulant do not predispose to haematuria. 
Culclasure et al. in a prospective study, showed a comparable prevalence of haema-
turia between long-term anticoagulant users versus control group (3.2% vs 4.8%). 
Notably, 81% of patients had an underlying identifiable urological disease with 
more than one episode of microscopic haematuria [21]. Thus, unless overdosed 
anticoagulants do not cause haematuria.

27.4.6  Renal Mass

Pertaining to kidney, renal cell carcinoma (RCC) is the most common malignancy 
accounting for 90% of renal masses [22]. In recent years, RCC is frequently detected 
as an incidental finding on non-invasive images during evaluation of various non-
specific symptoms [23]. In fact, haematuria in renal malignancy is a sign of advanced 
disease. In RCC, haematuria is caused by tumour infiltration into pelvicalyceal sys-
tem or renal vein and/or inferior vena cava tumour thrombus extension [24].

27.4.7  Urothelial Diseases

Bladder carcinoma is the most frequent cause of painless gross haematuria in an 
adult. These hypervascular lesions rapidly grow and rupture, resulting in intermit-
tent haematuria. Urothelial cancer can occur anywhere from calyx to urethra. Risk 
factors include tobacco use and occupational risk exposure to toxic agents such as 
aniline dye workers and painting industries [25]. Carcinoma-in situ may also pres-
ent with irritative LUTS [26].

27.4.8  Prostatic Diseases

Common causes of prostate-related haematuria are benign prostatic hyperplasia 
(BPH), prostatitis and prostate cancer. In BPH, the underlying pathology causing 
haematuria is increased tissue vascularity due to increased micro-vessel density. At 
the molecular level, this has been related to a higher levels of local vascular endo-
thelial growth factor in the hyperplastic prostate tissues [27]. In cases of advanced 
prostate cancer, haematuria results from tumour infiltrating bladder mucosa at the 
trigone [28].
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27.4.9  Urolithiasis

In cases of urinary stones, haematuria is usually due to associated urothelial inflam-
mation and infections. About 90% of cases have haematuria either, microscopic or 
gross [29].

27.4.10  Renal Arteriovenous Malformations

Renal arteriovenous malformations (AVMs) are abnormal vascular shunting 
between artery and vein. It may be congenital or acquired. Congenital lesions are 
tortuous and result from direct arteriovenous communication without an intervening 
vascular nidus. In contrast, acquired lesions are due to pseudoaneurysm or arterio-
venous fistula in nature [30]. Renal biopsy, prior renal surgeries, trauma, malig-
nancy are risk factors for acquired AVM [31].

27.4.11  Trauma-Related

Apart from causing UTI, an indwelling catheter can predispose to trauma-induce 
haematuria. Traumatic catheterization can results from underlying stricture urethra, 
prostate enlargement with large median lobe or attempt by an inexperienced person 
[32]. Occasionally, a confused, disoriented, restless patient in the ICU set-up can 
pull the urethral catheter in position leading to torrential bleeding.

27.5  Clinical Features

27.5.1  Presentation

Patients with gross haematuria may have varied clinical presentations. Table 27.2 
describes clinical presentations based on different etiologies.

Table 27.2 Clinical presentations based on aetiology of haematuria

Aetiology Haematuria Associated symptoms
Glomerular Gross and painless Fever, rash, recent throat or skin infections
UTI Microscopic or gross and 

with or without pain
Irritative LUTS, dysuria, cloudy urine, fever

Inflammatory 
cystitis

Persistent gross painful 
haematuria

Irritative LUTS

Urolithiasis Microscopic or gross 
haematuria

Lithuria, lateralizing pain

Malignancy Mostly gross and painless Lateralizing pain, associated clots, 
constitutional symptoms, irritative LUTS, 
obstructive LUTS

Abbreviations: UTI urinary tract infection, LUTS lower urinary tract symptoms
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27.5.2  History

The first step in evaluation is getting a detailed history from patients or primary 
caregivers in critically ill patients. Often, this provides the clue to diagnose the 
underlying cause. History should include about the severity, duration, frequency, 
time in relation to void.

Associated symptoms can be an additional diagnostic clue [1]. Presence of pain 
denotes acute condition. Pain in flank, back, lower abdomen, perineum or penis can 
help in localizing the site of haematuria. UTI, urine retention, clot retention may 
have suprapubic pain. Urothelial malignancy is usually painless; however, a clot 
colic can occur in upper tract urothelial cancer due to clots obstructing the ureter. 
Similarly, clots can cause urinary retention with pain in case of bladder cancer. 
Further, shape of clots suggests the site of origin. Amorphous clots signal bladder 
origin, whereas vermiform clots indicate bleeding from the upper tracts [20].

It is important to take a thorough personnel and family history. Chronic use of 
tobacco use suggests urothelial malignancy. Patients of diabetes, sickle cell trait of 
African American race, or chronic analgesic abuse can have renal papillary necro-
sis. A family history of bleeding diathesis, prostate cancer, renal cystic disease, 
urolithiasis should be obtained [33]. Finally, history of any anticoagulant intake 
with specific note on duration of the therapy and any recent change in the anticoagu-
lant dose is obtained.

27.5.3  Physical Examination

The general examination is the first part of the physical examination including 
recording of patient haemodynamic status. Systemic examination should focus on 
abdomen and external genitalia. Renal angle tenderness may suggest an underlying 
renal pathology such as pyelonephritis, hydronephrosis due to urolithiasis or malig-
nancy. The importance of genital examination should not be underestimated. An 
isolated varicosity on right side scrotum may be a sign of locally advanced right 
RCC due to blockade of the draining gonadal vein by venous thrombus. Finally, a 
digital rectal examination should be done to rule out prostatitis, or to look for a 
nodule concerning prostate cancer [1].

In addition, one must grossly examine the urine by naked eye for its colour and 
viscosity. A reddish-brown colour of the urine may signifies old blood, whereas a 
bright red colour denotes an active bleeding. Likewise, an increased viscosity of the 
haematuria denotes significant bleeding and risk of clot formation [1].

27.6  Diagnosis

27.6.1  Blood Investigations

Blood investigations include a complete blood count to evaluate baseline haemoglo-
bin, total leucocyte and platelet counts. Moreover, it helps to rule out pancytopenia 
denoting bone marrow suppression especially in post chemotherapy patients. Renal 
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function test is required to guide concomitant nephrology evaluation and to select 
appropriate radiological investigations. Liver function test may give information on 
transaminases. Coagulation profile tests including prothrombin time are not rou-
tinely required. However, it should be considered in patients suspected of bleeding 
diathesis and on anticoagulant therapy. A simultaneous blood typing and cross- 
matching are obtained in patients with significant haematuria requiring blood trans-
fusion [20].

27.6.2  Urine Investigations

At first, a urine dipstick test is done, which has a sensitivity of over 90% for detect-
ing RBCs. Presence of blood on the dipstick warrants a urine routine microscopic 
examination. Urinalysis is obtained to confirm haematuria and to look for dysmor-
phic RBC, cellular casts, or proteinuria. In suspected cases of UTI, a clean catch 
mid-stream urine is obtained for urine culture and sensitivity.

Urine cytology is highly specific (94.3%) for the detection of high-grade urothe-
lial carcinoma. However, it requires multiple samples in view of low sensitivity 
(42.4%) [34]. In a relatively large study, the sensitivity and specificity of urine 
cytology for urothelial carcinoma were 45.5% and 89.5%, respectively [35].

27.6.3  Imaging Techniques

The most common initial investigation done for haematuria is ultrasonography 
(USG). In majority of cases, this helps in localising the site of bleeding. Further, it 
can detect clots in the bladder (Fig. 27.2) or pelvicalyceal system. Easy availability 
and portability enable bedside USG possible, which is an important concern in 
patients in critical care units. However, once the patient is stabilized, a multiphase 
contrast enhanced computed tomography (CECT) with urography is the gold 

a b

Fig. 27.2 Ultrasonography of urinary bladder showing clots inside the bladder
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standard investigation for haematuria workup. The initial non-contrast phase helps 
in ruling out urolithiasis. Renal masses are better evaluated in the nephrogenic 
phase. Finally, an excretory phase is assessed for any filling defects which may sug-
gest urothelial malignancies. In patients contraindicated for contrast study, mag-
netic resonance urography (MRU) is an alternative option. Occasionally, if CECT or 
MRU are not possible, USG of the kidney and bladder with retrograde pyelogram 
can give valuable information [1].

27.6.4  Cystoscopy

Cystoscopy is the most important investigation of haematuria evaluation, especially 
in cases suspicion of urothelial cancer. It is also the most reliable method to detect 
bladder cancer. One should perform cystoscopy for all patients with haematuria 
>35 years of age. In patients <35 years of age, cystoscopy is considered if there is 
concern for malignancy like history of smoking, irritative LUTS. It can be easily 
done in office set-up with minimal discomfort. In addition to the detection of blad-
der lesions, cystoscopy also helps in the evaluation of urethral lesions, urethral stric-
ture, and lateralizing haematuria in cases of upper tract bleed [1].

27.7  Management

Management of haematuria in critically ill cancer patients should be in sequential 
steps with due concerns about their general conditions.

27.7.1  Initial Management

Irrespective of the causes, the initial step in the occurrence of gross haematuria is 
placement of a wide calibre (22 F) three-way catheter and continuous bladder irriga-
tion (CBI) with normal saline. This washes out the clots from bladder and prevents 
clot retention. Meanwhile, other specific investigations are done to detect the cause 
of haematuria. Patients should be resuscitated with intravenous fluids and moni-
tored continuously.

27.7.2  Medical Management

In cases of UTI, appropriate antibiotics are started as per the urine culture and sen-
sitivity. Individual hospitals antibiogram should be adhered while considering treat-
ment of UTI.

Glomerular haematuria warrants a concurrent nephrology consultation. It requires 
renal biopsy to know the exact pathology. Steroids and other immunosuppressants 
are the usual medical treatment. Antihypertensives, statin and other renal protective 
measures are advised to slow the disease progression. In cases of BPH- related hae-
maturia, use of 5-alpha reductase inhibitor (finasteride) should be considered.

27 Haematuria in Critically Ill Cancer Patients



310

Haemorrhagic cystitis is one of the most troublesome case to manage in critically 
ill cancer patients. Often the specific cause is not found. However, a stepwise proto-
col is recommended to control the bleeding. Intravesical alum (1% alum solution) is 
considered the first-line therapy with a success rate of 66–100% [36, 37]. The 1% 
alum solution is made by dissolving 50 g alum in 5 litres sterile water, and CBI is 
started at a rate of 200–300 mL/hour. By its astringent action, alum causes protein 
precipitation on the urothelial at bleeding sites. It further causes vasoconstriction 
and decreased in capillary permeability [36]. If failed, other intravesical agents used 
sequentially are aminocaproic acid, formalin solution [37].

In cases of intractable haemorrhagic cystitis after failed intravesical therapy, 
hyperbaric oxygen (HBO2) therapy can be considered. HBO2 therapy is given in a 
specially designed pressure chamber. Inside the chamber, 100% oxygen is adminis-
tered at 2–3 atmospheric pressure in multiple sessions [18]. Under such conditions, 
haemoglobin is fully saturated and dissolved oxygen is delivered to the local dam-
aged tissues. Hyperoxygenation decreases oedema and promotes angiogenesis in 
the tissues affected by radiation-induced ischemia [38]. Response rates of 80% to 
90% have been reported in the literature [18, 39]. Sandhu et al. studied the role of 
oral pentosan polysulfate, a synthetic glycosaminoglycan in post-radiation haemor-
rhagic cystitis. They showed a response rate of 58% with a durable response at 
median follow-up of 450 days [40]. Further, intractable cases may require endo-
scopic procedures like transurethral cauterization/fulguration of bleeding points. If 
unsuccessful, internal iliac artery embolization by interventional radiologist is con-
sidered. If haematuria is still uncontrolled, cystectomy and urinary diversion is the 
last resort [1].

27.7.3  Surgical Management

Patients with operable malignant conditions are subjected to standard surgical treat-
ment only when the general conditions of the critically ill patients are improved and 
stabilized with initial medical management.

Refractory haematuria because of BPH requires transurethral resection of pros-
tate (TURP). In advanced prostate cancer cases, androgen deprivation therapy 
(ADT) is considered as it decreases prostate tissue vascularity. If failed, they may 
require prostate artery embolization [1].

Radical nephrectomy is the standard surgical treatment for malignant renal mass. 
In cases of intractable haematuria in moribund, surgically unfit, or in patients with 
metastatic disease, a renal angioembolisation is initially considered. Once clinically 
stabilized, a renal mass biopsy is obtained. After pathological confirmation, targeted 
agents (tyrosine kinase inhibitors) are considered [41]. Bladder tumour is the most 
common urothelial malignancy and requires transurethral resection to confirm the 
pathological diagnosis [42]. Similarly, in a high-risk lesion radical nephroureterec-
tomy is recommended. However, for low-risk and low-volume tumours an endo-
scopic resection and/or fulguration can be attempted [43]. Figure 27.3 shows the 
algorithm for the evaluation and management of haematuria in critically ill cancer 
patients.
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Haematuria

History and Physical Examination

Laboratory Investigations

1. Blood investigations
2. Urine investigations (including urine cytology)

Radiological Investigations
1. Ultrasonography
2. CECT with urography
3. MR Urogram (in CKD patients)

Cystoscopy (in cases indicated)

1. Resuscitation
2. Three-way Foley catheter insertion
3. Continuous Bladder Irrigation

Initial Management

Medical
Causes Surgical

Causes

Glomerular Haematuria
(steroids/immun osu ppressants)

Infectious causes
(antibiotics)

Inflammatory causes
(intravesical agents, HBO2)

Renal causes
(nephrectomy, angioembolization)

Urothelial causes
(endoscopic resection, radical surgery)

Prostate-related
(TURP. ADT)

Urolithiasis
(endourological intervention)

Bleeding disorders
(factor replacement therapy)

Renal Vein Thrombosis
(hydration, supportive measures)

Drug-induced
(dose reduction/sto ppage)

Trauma-related
(suprapubic catheter insertion)

Vascular malformations
(angioembolization)

Fig. 27.3 Algorithm in the management of haematuria in critically ill cancer patients
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27.8  Conclusion

Haematuria in critically ill cancer patients pose a varied clinical presentation with 
various underlying causes. While the initial treatment is usually the continuous 
bladder irrigation with normal saline, however, a multidisciplinary team is required 
for the thorough evaluation and management of such patients.

27.9  Key Learning Points

• Haematuria is not uncommon in critically ill cancer patients
• A variety of medical and surgical conditions can cause haematuria
• A systematic approach is to be done to reach the exact diagnosis
• A multidisciplinary team is required for the management
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28.1  Background

Acute Kidney Injury (AKI) is one of the most important determinants of outcomes in 
hospitalised patients, more so in critically ill patients admitted in the intensive care 
unit (ICU). Cancer patients are at a higher risk for developing AKI. In addition to the 
standard risk factors like increasing age, comorbid illnesses, nephrotoxic drugs and 
infections, patients with malignancy are more susceptible to develop renal dysfunc-
tion either as a direct complication of the cancer or due to the use of chemotherapeu-
tic drugs. Acute and chronic kidney diseases are more prevalent in patients with 
cancer and with remarkable advancements in the field of chemotherapy, immuno-
therapy and targeted therapies, there are increasing reports of hitherto unknown renal 
complications. Recognising this link between cancer and kidney diseases and the 
increasing role of nephrologists in managing specific complications in cancer 
patients, a new subspecialty has been developed to provide the best nephrology care 
possible. This subspeciality, Onco-nephrology has been the subject of discussions in 
multiple conferences and is expected to develop further in the future [1].

Critically ill cancer patients in the ICU with acute kidney injury often require 
renal replacement therapy, have longer length of hospital stay and are at a high risk 
for mortality. A multi-disciplinary care team with coordinated efforts between the 
oncologist, nephrologist and intensivist is needed to improve outcomes for the 
patient. Apart from the immediate implications, patients with renal dysfunction 
require dose modifications in cancer chemotherapy and are more susceptible to 
adverse effects of drugs thereby limiting cancer care and possibility of cure. 
Moreover, persisting renal dysfunction and CKD tends to exclude many such 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_28&domain=pdf
https://doi.org/10.1007/978-981-16-9929-0_28#DOI
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patients from clinical trials of newer life-saving therapeutic options. In this chapter 
we will focus on the diagnosis and management of AKI in critically ill cancer 
patients.

28.2  Etiology of AKI

Patients with prior renal disease, CKD and comorbid-illnesses are more prone for 
developing AKI. In most of the patients there is often a combination of factors in 
play. There are some cancer-specific causes of AKI.  In critically ill patients, the 
critical illness also adversely affects renal function [2].

In cancer patients, the various causes of AKI are as follows (Fig. 28.1) [3, 4].
 1. Malignancy related causes
 (a) Paraneoplastic causes: Hypercalcaemia, tumour lysis syndrome
 (b) Obstructive uropathy especially in gynaecological, urological and retroperi-

toneal cancers
 (c) Infiltration into the kidney as in lymphoma
 2. Treatment associated toxicity
 (a) Chemotherapeutics and related complications: Tumour lysis syndrome 

(TLS), thrombotic microangiopathy (TMA)
 (b) Radiation nephritis (following radiotherapy)
 (c) Post stem cell transplantation
 (d) Other drugs: NSAIDs (for cancer associated pain), contrast agents (in imag-

ing studies), antibiotics (for infections)
 3. Other related complications
 (a) Hypovolemia
 (b) Infections

Susceptibility

Malignancy related factors Therapy related complications

Acute Kidney
Injury

• Age
• Comorbidity
• Baseline renal function  / CKD
• Drugs/Radiocontrast/Toxins

• Direct infiltration
• Obstructive uropathy
• Hypercalcaemia
• Cast nephropathy

Hypovolemia Critical Illness Infections

• Chemotherapy complications
• Thrombotic microangiopathy
• Stem cell transplant
• Radiation nephritis
• Post-Nephrectomy

Fig. 28.1 Causes of acute Kidney Injury in cancer patients
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Cancer therapies, including the newer immune checkpoint inhibitors have multiple 
renal adverse effects. The various cancer therapeutic drugs affect different compart-
ments of the kidney (Table 28.1).

28.3  Diagnosis of AKI in Cancer Patients

The definition of AKI and the diagnostic cut-offs used in different studies were dif-
ferent till a few decades back. The RIFLE (Risk, Injury, Failure, Loss of Kidney 
Function, and End-stage kidney disease) classification was proposed in 2004 for 
standardization of diagnosis of AKI and thereafter AKIN (Acute Kidney Injury 
Network) criteria in 2007 and KDIGO (Kidney Diseases Improving Global 
Outcomes) criteria in 2012 have come into practice [5].

The diagnosis of AKI relies on a combination of serum creatinine assessments 
and urine output. Patient is diagnosed with AKI if they fulfil either of the following 
broad criterion
• Increase in serum creatinine by 50% within 7 days
• Increase in serum creatinine by 0.3 mg/dL within 48 h
• Oliguria
Depending on the severity and duration of AKI, they are graded into successive 
stages. AKI stage 3 denotes dialysis requiring acute kidney injury. Early recognition 
of AKI has been the subject of investigation for the last 10 years. Even mild increase 
in serum creatinine by 0.3–0.5 mg% is associated with multifold increase in mortal-
ity in critically ill patients. This was the basis for including small changes in creati-
nine in the KDIGO (0.3 mg%) and AKIN (0.5 mg%) criteria. The staging of AKI 
according to KDIGO classification is as follows:

AKI Diagnosis: Abrupt increase in creatinine ≥0.3 mg/dL or 1.5-fold of baseline 
within 48 hrs.
• Stage 1: Increase in creatinine 1.5 to 1.9 times baseline.
• Stage 2: Increase in creatinine 2 to 2.9 times baseline.
• Stage 3: Increase in creatinine ≥3 times baseline or peak serum creatinine >4 mg/

dL (with atleast 0.5 mg/dL increase) or need for RRT.
It is obvious from these definitions that serum creatinine is an integral part of diag-
nosis of AKI. However, cancer patients have loss of weight and muscle mass due to 
the chronic nature of disease, poor dietary pattern and loss of appetite, inflammation 
and chemotherapy. This affects creatinine production and hence serum creatinine 
may not be a suitable marker in cancer patients.

Table 28.1 Cancer therapeutics and site of renal injury

Kidney compartment involved - Site of injury Drugs
Glomeruli VEGF inhibitors, sirolimus, interferon
Tubulo-interstitium Cisplatin, methotrexate, immune checkpoint 

inhibitors, doxorubicin, Ifosfamide
Vessels Gemcitabine, Mitomycin C, 5-fluorouracil

28 Acute Kidney Injury and Renal Replacement Therapy in Oncology ICU
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28.3.1  Cystatin C

Notwithstanding the inherent limitations of using serum creatinine to assess renal 
function, its role in diagnosing AKI in cancer patients is even more limited. Due to 
a reduced muscle mass and decreased production, serum creatinine increases late in 
cancer patients and hence may underdiagnose AKI. This has led to the search for 
alternate markers independent of patient’s general condition.

Cystatin C (CysC), cysteine protease inhibitor synthesized by nucleated cells, is 
filtered by the glomeruli and is neither reabsorbed nor secreted making it an ideal 
marker to assess renal function. Also, it is unaffected by diet and change in muscle 
mass. This has made cystatin C a promising marker of renal function. Multiple stud-
ies have shown CysC to accurately predict AKI even in critically ill patients. Studies 
in cancer patients show similar result with no interference due to tumor burden 
while some show a elevated levels in patients with active malignancy. Hence, its 
value in oncologic AKI is still uncertain. The other limitations of using CysC 
include its prohibitive cost, availability (especially in smaller centres) and effect of 
inflammation on CysC levels.

28.3.2  Novel Biomarkers

The diagnosis of AKI depends on serum creatinine and urine output which have 
fallacies. Even cystatin C is not an ideal marker for AKI. This has propelled the 
search for a marker of renal function akin to troponin in myocardial injury. The 
ideal marker has to be easily measurable, rapid to increase following renal insult 
and should not be affected by other concomitant conditions. The various promising 
biomarkers are given in Table 28.2.

Neutrophil gelatinase associated lipocalin (NGAL) has shown promise in clini-
cal studies and point-of-care testing methods are available for the same now. This 
allows rapid and early identification of AKI. One another biomarker kit measures 
TIMP2 and IGFBP7 and is available commercially. With regard to cancer patients, 
some of these markers have been studied in cisplatin associated nephrotoxicity 
[6]. Urinary markers like NGAL, beta-2-microglobulin, Calbindin and KIM-1 

Table 28.2 Novel biomarkers in AKI

Category Biomarkers
Inflammatory 
mediators

IL-6, IL-18

Cell injury biomarkers Kidney injury molecule-1 (KIM-1), liver fatty acid binding protein 
(L-FABP), neutrophil gelatinase associated lipocalin (NGAL)

Cell cycle markers Tissue inhibitor of metalloproteinases-2 (TIMP-2), insulin like 
growth factor-binding protein 7 (IGFBP-7)

Urinary low molecular 
weight protein

Cystatin C, retinol-binding protein, α1-microglobulin, 
β2-microglobulin
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have shown promise in this scenario. However, they have not been validated and 
hence are limited only to research settings. Even with these biomarkers, the con-
founding role of inflammatory milieu seen in cancer has to be evaluated. Urinary 
microRNAs and exosomes also reveal kidney injury and may be of use in 
the future.

28.4  Epidemiology and Prognosis of Patients 
with Cancer and AKI

Data on the incidence of AKI is affected by the use of varied classification systems 
and diagnostic criteria. Though, the advent of the RIFLE scoring system stan-
dardised study definitions, many studies still used different criteria for diagnosis of 
AKI, the most common among that being requirement of RRT. This not only under-
estimates AKI but also makes it difficult to compare different studies. There has 
been some hope with routine use of AKIN and KDIGO classification systems for 
estimating the incidence of AKI.

In one of the largest studies on AKI in cancer patients from Denmark, 25.8% 
developed AKI among 37,267 patients on follow-up with a 5-year AKI risk of 
27%. The incidence of AKI differs according to the type of malignancy, the stage 
and the general condition of the patient. In the Danish study, the highest risk was 
with kidney cancer (44%) followed by liver malignancy (33%) and multiple 
myeloma (31.8%) [7]. In a national survey from China with 1418 patients with 
malignancy associated AKI, Gastrointestinal cancer (50.1%) was most common 
followed by reproductive system malignancy (15.3%) and haematological malig-
nancy (13.1%). Patients with hematological malignancy were significantly 
younger as compared to those with other causes of malignancy associated AKI. In 
a series of 1,63,071 cancer patients receiving chemotherapy, 9.3% developed AKI 
with highest risk for myeloma (26%) followed by bladder cancer (19%) and leu-
kemia (15.4%) [8].

Patients having cancer have increased incidence of AKI compared to those with-
out cancer and those in ICU have a higher risk of mortality. This risk is exponen-
tially increased when the patient requires RRT. The length of ICU stay and hospital 
stay are significantly increased in oncology patients with AKI [2]. Moreover, AKI 
patients will require drug dose modifications especially of chemotherapeutic agents 
and cannot undergo contrast enhanced imaging studies unless strongly indi-
cated (Fig. 28.2). This affects the standard of care in cancer patients and is probably 
the reason why cancer patients with AKI have a lower incidence of remission of 
malignancy. In the Belgian Renal Insufficiency and Anticancer Medications 
(BIRMA) study, 64% of cancer patients had a GFR < 90 mL/min/1.73 m2 and over 
three-fourths of patients received at least one nephrotoxic chemotherapy drug [9]. 
Sensitisation of the treating team to the renal modifications of chemotherapeutic 
agents is therefore important.

28 Acute Kidney Injury and Renal Replacement Therapy in Oncology ICU
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28.5  Prevention of AKI in Critically Ill Cancer Patients

There are no clinically proven drugs for prevention of AKI. The mainstay of preven-
tion rests on general supportive measures [10]. In critically ill patients, hemody-
namic instability and consequent impaired renal perfusion is the most important 
predisposing factor for AKI. The mean arterial pressure has to be maintained over 
65 mm Hg by administering fluids to maintain the central venous pressure and/or 
inotropic support. Colloids are avoided as they increase the risk of renal injury. 
Among crystalloids, the advantages of balanced crystalloids over normal saline 
especially in the setting of hyperchloremic acidosis is often debated. Fluid overload 
is also common in patients in ICU and routine assessment of fluid status is quintes-
sential. There is no specific inotrope which is renal protective and norepinephrine is 
at present the inotrope of choice. Vasopressin has shown promise in the Vasopressin 
vs Norepinephrine as Initial Therapy in Septic Shock (VANISH) trial and the 
Vasopressin versus Norepinephrine in Patients with Vasoplegic Shock after Cardiac 
Surgery (VANCS) trial. There are no specific recommendations for preferring vaso-
pressin as the first choice yet and more studies will be required before this change 
can be made.

Diuretics are commonly used in patients with oliguria to improve urine output. 
This can be attempted if patient is overhydrated. In patients with eu/hypovolemia, 

Cancer
AKI

• Direct effect

• Chemotherapy

• Adjuvant drug

  adverse effects

• Suboptimal drug

  dose and effects

• Drugs: Increased

  ADR potential

ADR Adverse effects 

Fig. 28.2 Vicious cycle of 
cancer and AKI
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use of diuretics increases the risk of AKI. Fenoldopam is a selective dopamine ago-
nist believed to improve renal perfusion and prevent renal injury. Controlled trials 
have not shown a significant benefit for this therapeutic option. One of the most 
important components of patient management would be to avoid nephrotoxic drugs. 
Critically ill patients in the ICU usually have some component of sepsis and require 
broad spectrum antibiotics. Cancer patients are more severely immunosuppressed 
and most often have drug resistant sepsis necessitating use of higher antibiotics like 
vancomycin, aminoglycosides and/or colistin. These antibiotics increase the risk of 
AKI. Therapeutic drug monitoring based titrated dosing, use of appropriate antibi-
otics and newer modes of drug delivery like inhaled colistin are often tried to miti-
gate the nephrotoxicity. Antifungal drugs like amphotericin B are also used in these 
patients. The use of liposomal preparation offers scope to reduce the nephrotoxic 
potential of amphotericin B. Adequate hydration and correction of electrolyte dis-
turbances has to be done.

In patients with obstructive causes of AKI due to malignancy, percutaneous 
nephrostomy tubes and internal ureteral stenting is effective. In cases of renal can-
cer, cytoreductive nephrectomy are performed which are nephron sparing and avoid 
complete loss of renal function. Most causes of chemotherapy related AKI can be 
prevented by hydration and renal function optimised dosing. In addition to hydra-
tion, in case of cisplatin, magnesium supplementation protects the patient from 
AKI. Forced alkaline diuresis, leucovorin rescue and glucarpidase are indicated for 
methrotrexate related nephrotoxicity. In case of haematological malignancies, there 
is a component of hypercalcaemia which needs to be managed appropriately to 
avoid AKI.

Tumor lysis syndrome (TLS) due to therapy related or spontaneous lysis of 
tumor cells causes severe electrolyte disturbances and AKI. Apart from hydration 
and frequent electrolyte monitoring, hypouricemic drugs namely allopurinol and 
febuxostat are the cornerstone of prevention. Recombinant urate oxidase, rasburi-
case was initially used only in the treatment of TLS but is now approved for preven-
tion too. G6PD screening has to be done for patients at risk as rasburicase can cause 
haemolytic anemia in them.

28.5.1  Prevention of Post-Contrast Renal Injury

Patients with malignancy often undergo multiple imaging studies right from diag-
nosis to planning of therapy and then throughout the management course and on 
follow-up. This places them at a high risk of contrast-associated AKI. After onset, 
there is no treatment for contrast induced nephropathy (CIN). Hence, preventive 
strategies form the cornerstone of management [10]. Renal function has to be 
repeated 48–72 h after contrast administration for diagnosis of CIN and monitoring.

The standard precautions to prevent CIN include
• Identify risk factors for AKI—Comorbid illnesses like diabetes, heart failure; 

advanced age; use of nephrotoxic drugs—NSAIDS, diuretics, metformin, ACEi/
ARB for hypertension, etc.
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• Contrast related: Avoid high osmolar contrast dyes. When compared to low 
osmolar agents, iso-osmolar agents are associated with a lower risk of AKI and 
hence preferred in patients with eGFR<60 mL/min/1.73 m2. Contrast volume to 
be limited to what is absolutely necessary.

• Periprocedural hydration is absolutely necessary—Normal saline should be 
given at 1 ml/kg/h for 3–6 h prior and after contrast administration. Oral hydra-
tion can be of benefit for outpatient imaging studies.

• N-acetyl cysteine (NAC) can be started 48 h prior to the procedure. Randomised 
trials have shown doubtful role for NAC but is still routinely used in most centers.

28.5.2  Role of Biomarkers

Serum creatinine is a late marker of acute kidney injury especially in cancer patients. 
The routine use of biomarkers in critically ill cancer patients may help us to diag-
nose AKI early and also constitute measures to prevent further renal dysfunction. 
The furosemide stress test and ultrasonographic measures like renal angina index 
have shown to be beneficial in some studies. Some markers like NGAL and KIM-1 
have also been studied in cancer specific settings like cisplatin associated nephro-
toxicity [6]. Biomarker guided management of use of nephrotoxic drugs and deci-
sion to initiate renosupportive strategies and renal replacement therapies needs to be 
determined in future studies.

28.6  RRT Modalities Used in a Cancer Patient with AKI

The indications for initiating renal replacement therapy (RRT) in critically ill cancer 
patients is similar to other groups of patients. Uncompensated metabolic acidosis, 
oligoanuria, treatment resistant hyperkalemia, volume overload and azotemia are 
common indications for RRT [5]. The common modes of RRT include
• Intermittent hemodialysis (IHD)
• Sustained low-efficiency dialysis (SLED)
• Continuous renal replacement therapy (CRRT)—Continuous venovenous hemo-

dialysis (CVVHD)/hemofiltration (CVVHF)/hemodiafiltration (CVVHDF)
• Peritoneal dialysis
IHD is most often the modality of RRT in most centres. In IHD, 4 h sessions of 
dialysis are done on alternate days till renal recovery occurs. With intermittent 
RRT there is rapid correction of electrolyte disturbances, acid base balance and 
uremia. This can increase the risk of dialysis disequilibrium syndrome, cerebral 
edema and hypotension.

CRRT is a continuous therapy done 24 h a day. It offers the advantage of lesser 
hemodynamic instability and is preferred in critically ill ICU patients on inotropic 
support. The slower solute clearances and flow rates offer hemodynamic stability 
and a stable improvement in renal parameters. The high cost, need for anticoagula-
tion, prolonged immobilisation are drawbacks of CRRT. Earlier studies have shown 
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that either modalities can be used successfully in cancer patients based on the gen-
eral condition of the patient and availability.

The various issues with these therapies resulted in the development of hybrid 
therapies (SLED) which combine the benefits of both continuous and intermittent 
therapies. SLED offers the benefit of longer duration of dialysis (6–8 h) with better 
hemodynamic stability compared to IHD and lesser costs compared to CRRT. The 
safety and efficacy of SLED in cancer patients has been shown in recent studies. 
Studies which compare SLED to CRRT have found it to be non-inferior to continu-
ous therapies with regard to hemodynamic parameters and hard outcomes espe-
cially patient mortality.

Meta-analysis conducted by Tonelli et al., Ronco et al. and others have shown 
that intermittent therapies and continuous therapies have similar benefits in patient 
survival and AKI outcomes. The KDIGO AKI guidelines also suggests that continu-
ous and intermittent RRT are to be used as complementary therapies. In those with 
hemodynamic instability and acute brain injury or cerebral edema, CRRT is to be 
preferred. Patients can be shifted between different modalities of RRT based on the 
clinical need. A comparison between the three modalities is given in Table 28.3 below.

The timing of initiation of dialysis in AKI has been the focus of randomised 
controlled trials in the last decade. Most of these trials compared outcomes in 
patients initiated on RRT early once AKI is diagnosed compared to those in whom 
RRT was withheld till clinically indicated. All these trials—ELAIN, AKIKI, 
IDEAL-ICU, STARRT-AKI not only failed to show benefit with early initiation of 
RRT but also revealed increased cost and dialysis complications in this group of 
patients. Only in patients in surgical ICU in ELAIN study, early dialysis initiation 

Table 28.3 Different modalities of renal replacement therapy

IHD SLED CRRT
Duration (in hours) 4 6–12 24
Mechanism Diffusion Diffusion Diffusion (CVVHD)

Convection (CVVH)
Both (CVVHDF)

Blood flow (ml/
min)

250–400 100–150 15–200

Dialysate flow (ml/
min)

500–800 100–200 30–60

Solute removal +++ +++ +++
Hemodynamic 
stability

Poor Fair Good

Vascular access Vascular catheter or AV fistula Vascular catheter
Anticoagulation May not be needed Low dose heparin 

sufficient
Always needed

Cost + ++ +++
Complications Hypotension

Dialysis disequilibrium 
syndrome

Hypotension 
less common

Bleeding
Dyselectrolemia
Vascular access 
issues
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had lower 90-day mortality. The differing criteria used for early initiation (KDIGO 
stage 2) and being restricted to surgical patients was the reason ELAIN trial had a 
different outcome compared to other trials. None of these trials were restricted to 
cancer patients but considering the common pathophysiology in all critically ill 
patients, the same criteria and concepts are followed in these patients.

TLS requires continuous correction of electrolyte abnormalities and CRRT may 
be beneficial in this scenario. If there is severe hyperkalemia, immediate reduction 
of potassium may be achieved with IHD. Acute peritoneal dialysis is performed in 
resource limited settings and is useful in most scenarios. There are concerns with 
uric acid removal in PD and hence may not be preferred in patients with TLS. Patients 
with myeloma especially cast nephropathy require removal of light chains which 
can be achieved with hemodialysis. However rapid removal of light chains requires 
specialized dialyzer like high cut-off dialyzers. Though HCO dialyzers showed 
promise in earlier clinical studies, randomised controlled studies on its utility—
European Trial of Free Light Chain Removal (EULITE); and Studies in Patients 
with Multiple Myeloma and Renal Failure due to cast Nephropathy (MYRE) failed 
to show consistent benefit with regard to renal outcome and mortality. Till there is 
more evidence for its utility, routine hemodialysis is believed to stay as the standard 
of care for these patients.

28.7  Conclusions

Acute Kidney Injury is a common complication in cancer patients and is more com-
mon in those who are critically ill. Diagnosis rests on monitoring of renal function 
and urine output and is staged based on severity. Biomarkers have the potential to 
accurately diagnose AKI early thereby giving a scope for preventive strategies even 
before AKI sets in clinically. They have to be validated in cancer patients. Successful 
management of cancer associated AKI needs continued collaboration between the 
nephrologist, oncologist and intensivist. Advances in RRT modalities has helped 
improve outcomes in critical patients.
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29Management of Oncologic Emergencies
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29.1  Overview of Oncologic Emergencies

There is an increase in incidence of cancer cases globally due to increased life 
expectancy and growing exposure to risk factors. An oncologic emergency is an 
acute condition in a cancer patient, which is directly or indirectly related to either 
cancer itself or its treatment. Sometimes it may be the first sign of malignancy in 
patients with no previous history of cancer. Oncologic emergencies usually 
require urgent medical attention due to their potential life or limb threatening 
complications. It is highly desirable for an emergency physician and an intensivist 
to have knowledge of these emergencies for early diagnosis and treatment. In the 
present chapter, we will be discussing Syndrome of inappropriate antidiuretic hor-
mone (SIADH), Hypercalcemia of Malignancy (HCM), Superior vena cava syn-
drome (SVCS) Hyperviscosity syndrome (HVS) and Malignant Spinal Cord 
Compression(MSCC). Conditions like febrile neutropenia, tumour lysis syn-
drome, and other toxicities due to Chemotherapy and radiotherapy are discussed 
elsewhere in the textbook.
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29.2  Syndrome of Inappropriate Antidiuretic Hormone (SIADH)

29.2.1  Introduction

Syndrome of inappropriate antidiuretic hormone (SIADH) is one of the commonest 
causes of hyponatremia in cancer patients [1]. It was first described by Schwartz et al. 
and demonstrated in two patients with bronchogenic carcinoma [2]. Further, it was 
demonstrated that the levels of Antidiuretic Hormone (ADH/arginine vasopressin- 
AVP) were ‘inappropriately high’ for the given serum osmolality, causing antidiuresis 
[2]. Later on, antidiuresis with normal or suppressed AVP was described due to muta-
tion of vasopressin receptors or certain pharmacological factors [3]. The terminology-
syndrome of inappropriate antidiuresis (SIAD) includes all the causes of antidiuresis 
without appropriate osmotic stimulus irrespective of AVP levels.

29.2.2  Pathophysiology of SIADH

SIADH is a disorder of water and sodium balance characterized by hypo-osomlar 
(true) hyponatremia with impaired urinary dilution capacity due to persistently high 
AVP levels despite hypo-osomlality [2]. Patients are either (mild) hypervolemic or 
euvolemic. Initially, there is a limitation of renal free water excretion causing dilu-
tional hyponatremia (Phase of water retention). In the later phase, (6–8 days) there 
is additional sodium loss further contributing to low sodium levels (phase of solute 
loss and diuresis) [4] Fig. 29.1.

29.2.3  Diagnosis

It is reasonable to suspect SIADH in the presence of hyponatremia especially, if clini-
cal signs of fluid depletion are absent. (euvolemic or hypervolemic hyponatremia).

The diagnostic criteria are mentioned below.

Diagnostic Criteria of SIADH
• The serum osmolality (Sr-osm) should be less than 280mosm/kg,
• Urine osmolality (Ur-osm) >100mosm/L during hyponatremia indicating 

inappropriate urine dilution for hypoosmolality
• Clinically there should be euvolemia and urine sodium > mmol/L (assum-

ing normal salt intake)
• Rule out other causes of euvolemic hypotonic hyponatremia (glucocorti-

coid deficiency, hypothyroidism).
• Also, other supporting findings are correcting of hyponatremia with fluid 

restriction, failure to correct with volume expansion, plasma uric acid 
<4mgdL, fractional sodium excretion >1%; fractional urea excretion 
>55%, demonstrating elevated AVP levels during hypotonic state.
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The SIADH is sometimes classified into four types based on the underlying 
pathology and levels of AVP (Table 29.1) [2, 5–7]. However, clinically it is not easy 
to identify the exact antidiuretic defect and response to AVP antagonists [8].

Similar clinical and laboratory picture can be seen in cerebral or renal salt wast-
ing (CSW or RSW) especially in neurosurgical patients [9, 10]. Once sodium is 
corrected to normal, fractional excretion of urate (FEurate) drops to less than 11% 
in SIADH but it remain elevated (>11%) in CSW or RSW [11, 12].

29.2.4  Management

The main goals of treatment are to prevent (1) further worsening of symptoms/
sodium levels, (2) prevention of complications, (3) treatment of cause and (4) to 
avoid over correction. The grading of hyponatremia is described in Table 29.2.

SIADH

Excessive AVP

Antidiuresis

Ectopic AVP 

production

Reset Osmostat

Activating 

mutation

Counter 

regulatory 

mechanism

Salt loss and diuresis

Hyponatremia Clinical euvolemia/

mild hypervolemia 

(Late Phase)

Dilutional Hyponatremia with 

Volume expansion (Early Phase)

Fig. 29.1  
Pathophysiology of 
Syndrome of Inappropriate 
AntiDiuretic Hormone 
secretion (SIADH). AVP 
Arginine Vasopressin
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The priority in the treatment of acute severe hyponatremia in the first hour is to 
increase the serum sodium by 5 mmol/L with hypertonic saline, 100–150 mL of 3% 
saline over 20 min [13–15]. During acute phase, it is recommended to limit serum 
sodium rise to less than 10 mmol/L in 24 h, especially in patients at risk of develop-
ing osmotic demyelinating syndrome (malnutrition, alcohol consumption, liver fail-
ure, associated hypokalemia, severe hyponatremia). Once acute severe hyponatremia 
is appropriately treated, restrict fluid intake to either 800 mL/day (or previous day’s 
urine output minus 500 mL). Fluid restriction alone may not be effective if urine 
osmolarity more than 500 mOsm/L and urine volume less than 1500 mL/day or 
combined value of urine sodium and potassium is more than serum sodium [16, 17]. 
In such cases, addition of oral salt (or urea) to increase osmotic load may help. 
Vaptans block the arginine vasopressin receptors (V2R) in principle cells of renal 
tubules causing pure water diuresis have shown beneficial effects [18, 19]. Tolvaptan 
is useful in SIADH in cancer patients especially with moderate to severe hyponatre-
mia [20]. It is particularly useful when fluid restriction can’t be followed or there is 

Table 29.1 Syndrome of inappropriate antidiuretic hormone (SIADH) based on patterns of 
osmoregulatory defects [2, 5–7]

Type Underlying pathology Prevalance Clinical Example
A Very high AVP levels from 

ectopic source
30% Malignancies

e.g. Bronchogenic carcinoma
B High AVP levels due to leak from 

neurohypophysis
30% Injury to neurohypophysis or the 

inhibitory component of the 
osmoregulatory mechanism.

C Ectopic secretion of AVP due to 
aberrant inputs.
Threshold for AVP release/
suppression is altered. The entire 
osmoregulatory system is reset to 
lower levels. (Reset osmostat).

30% Patients in long-term care facility, 
pregnancy, cleft lip and palate, corpus 
callosum agenesis, and hypothalamic 
cyst, tuberculosis, alcoholism, 
psychogenic polydipsia

D Activating mutation of AVP 
V2receptor
AVP levels is suppressed below 
normal

5–10% Nephrogenic SIAD

AVP Arginine Vasopressin, SIAD Syndrome of Inappropriate Antidiuresis

Table 29.2 Grading of Hyponatremia based on severity

Grading
Serum sodium 
level Clinical features

Mild hyponatremia, 130–135 meq/L lethargy, inattention, restlessness, headache, 
nausea, vomiting.

Moderate 
hyponatremia

120–130 meq/L confusion, altered sensorium, psychosis

Severe 
hyponatremia

<120 meq/L severe life- threatening symptoms like seizures, 
coma.

The symptoms depend on the acuteness of hyponatremia. Patients with chronic hyponatremia may 
or may not show any symptoms
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inadequate response to hypertonic saline. Attempts should be made to remove the 
stimulus that causes AVP secretion, e.g. pain, nausea, underlying infections, malig-
nancy etc. Management of SIADH is summarized in Fig. 29.2.

29.3  Hypercalcemia of Malignancy (HCM)

Cancer patients, commonly with lung, kidney, gynecologic, head and neck cancers, 
and multiple myeloma can present with hypercalcemia of malignancy (HCM). 
HCM is more common during the later stages of these malignancies [21]. Due to the 
markedly elevated calcium levels, patients with HCM often have severe symp-
toms [22].

29.3.1  Pathophysiology of HCM

Pathophysiological mechanisms of HCM are described in Table  29.3. Humoral 
hypercalcemia of malignancy mediated by Parathyroid hormone-related peptide- 
PTHrP is the most common (80%) pathophysiological mechanism [22, 23]. 

Treatment of SIADH 

Evaluate malignancy status

Symptomatic/Severe 

hyponatremia
Goal in First hour:

• Increase serum 

sodium by 5 

mmol/L3% saline 100-150mL 

bolus over 20minutes

After first hour: 

• Increase serum 

sodium slowly  

(6-8mmol/L per day)

• Monitor patient 

symptoms

Definitive and 

supportive 

managementStop offending drugs

Fluid restriction

Oral salt/proteins/urea

Vaptans

Fig. 29.2 Management of Syndrome of Inappropriate AntiDiuretic Hormone secretion (SIADH)
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29.3.2  Clinical Features

“Stones, bones, abdominal moans, and psychic groans,” is known phrase to refer 
clinical symptoms of hypercalcemia [24]. The presentation is multisystemic 
(Table 29.4). The commonest symptoms that necessitate ICU admission are coma-
tose state, seizures, renal failure, and cardiac complications. The clinical features 
depend on the severity and the rapidity of development of hypercalcemia. 
Hypercalcemia is traditionally defined as serum calcium levels more than 10.5 mg/
dL. It is graded as per the severity, given below [24].

Table 29.3 Pathophysiology of hypercalcemia of malignancy

Type Malignancies Mediator Comments
Humoral 
hypercalcemia 
of malignancy 
(80%)

SCC(head and neck, 
esophagus, cervix, lung), 
RCC, Adenocarcinoma 
(Ovarian, prostate, Breast), 
Endometrial carcinoma, 
Human T-lymphotropic 
virus-associated lymphoma

Parathyroid 
hormone-related 
peptide (PTHrP)

• Naturally occurring 
hormone with close 
biochemical 
resemblance and 
functional overlap to 
parathyroid hormone 
(PTH).
• Causes 
hypercalcemia by 
activation of 
osteoclasts and bone 
resorption and 
increased renal 
calcium reabsorption.

Local osteolysis 
(20%)

Breast cancer, Skeletal 
metastasis, Leukemia/
lymphoma
Multiple myeloma

Local Chemokine
(local PTHrP)
Cytokines(IL- 
1,IL-6,IL- 
8,TNF-α,
TGFα,β,MIP1α)

• Local factors from 
the tumour or 
metastasis causing 
osteolysis,
• Local secretion of 
PTHrP in metastatic 
breast cancer

1,25 dihydroxy 
vitamin D 
related (<1%)

1,25(OH)2D Lymphomas, 
ovarian dysgerminoma

1,25(OH)2D Increased calcium 
absorption form 
intestine and kidneys

Ectopic PTH 
(<1%)

Parathyroid carcinoma Ectopic PTH Parathyroid action

Table 29.4 Clinical features and severity of hypercalcemia

System Clinical features
Neurology Altered behaviour, lethargy, muscle weakness, 

coma
Renal Polyuria, renal injury/failure, renal stones
Gastrointestinal Nausea, vomiting, abdominal pain,
Cardiovascular Heart block, short Qt interval.
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• Mild hypercalcemia: 10.5–11.9 mg/dL
• Moderate hypercalcemia: 12.0–13.9 mg/dL
• Hypercalcemic crisis: 14.0–16.0 mg/dL

29.3.3  Diagnosis

• The preferred method of diagnosis is by measuring the physiological ‘free’ ion-
ized calcium. The reference range of ionized calcium in adults is 4.5–5.6 mg/dL 
or 1.05–1.3  mmol/L and any value higher than this, indicates hypercalcemia. 
Ionized calcium more than 7 mg/dL (1.75 mmol/L) is generally associated with 
coma. Unfortunately, measurement of ionized calcium is not universally avail-
able [25, 26]. hence total serum calcium concentration is used as surrogate.

Payne’s formula is sometimes used to convert serum total calcium to ionized 
calcium.

Adjusted calcium (mmol/L) = Total calcium (mmol/L) + 0.02 [40—serum albu-
min (g/L)].

However, this formula is far from accurate especially in critically ill patients as 
changes in blood pH also affect protein-bound calcium [27]. In multiple myeloma, 
due to increased calcium binding to paraprotein serum total calcium may be falsely 
elevated despite normal ionized calcium [28].

29.3.4  Initial Management

 1. Identify the presence of hypercalcemia and stratify the patients according to 
severity. At the same time, the evaluate disease status of the underlying malig-
nancy. Realistic goals of the treatment can be planned, after discussion with the 
treating oncologist based on the intent of treatment, expected median survival 
etc. Patients who are either treatment naïve or have therapeutic options for dis-
ease cure or control should get priority over patients in terminal stage with no 
treatment options

 2. Intravascular rehydration is the first line of management [29, 30]. Patients gener-
ally have extracellular volume depletion due to urinary sodium and water loss. 
This leads to reduced glomerular filtration rate perpetuating hypercalcemia. 
Rehydration with normal saline (NS), restores intravascular volume, breaks the 
perpetuating cycle and reduces any further risk of renal failure. NS is usually 
started at 200 ml/hr. Patients with cardiac failure or oliguria should be carefully 
monitored for fluid overload.

 3. Diuretics may be added only when the intravascular volume is adequately 
restored to promote calcium excretion or if there are signs of fluid overload and 
should not be used routinely. Calcium excretion of diuretics is unpredictable and 
is associated with fluid and electrolyte imbalance [31].
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 4. In patients with renal failure or life-threatening hypercalcemia (severe hypercal-
cemia, cardiac and neurologic effects), hemodialysis with low calcium bath 
dialysate reduces serum calcium rapidly [32]. Hemodialysis may also be required 
in patients with heart failure if these patients may not tolerate large volumes of 
fluid loading.

 5. Vitamin-D supplementation or thiazide diuretics can aggravate hypercalcemia 
and such medications should be stopped.

29.3.5  Definitive Management

Further management focuses on continuing measures to reduce the calcium levels 
by reducing the calcium production (bone resorption) along with enhanced calciure-
sis. The commonly used pharmacologic therapies for long term calcium level con-
trol are described below.

29.3.5.1  Calcitonin
Calcitonin acts by inhibiting osteoclastic bone resorption and renal calcium reab-
sorption. Calcitonin dose is 4 IU/kg every 12 h. It causes rapid (4–6 h) drop in serum 
calcium levels by 1–2 mg/dl [33, 34]. Usually tachyphylaxis develops by the third 
day hence bisphosphonates are added for sustained calcium lowering effect.

29.3.5.2  Bisphosphonates
Bisphosphonates act by blocking the osteoclastic bone resorption. It takes two to 
four days to show its effect which lasts for up to 3 weeks.

Doses: Zoledronic acid 4  mg intravenously giver over 15  min is (preferred) 
pamidronate 60–90 mg over two hours [35].

It has a well-established efficacy (up to 70%) and safety profile except for 
patients with severe acute kidney injury where it should be avoided [36].

Denosumab: It is a human monoclonal antibody to RANKL, which prevents the 
binding of the ligand to RANK receptors causing reduction in osteoclast activity by 
decreasing osteoclast maturation and hence bone resorption. It is effective in hyper-
calcemia refractory to bisphosphonates [37, 38]. Also, it can be used when the 
bisphosphonates are contraindicated like in renal failure as denosumab is not cleared 
by the kidneys.
Cinacalcet, a calcimimetic agent that activates the calcium-sensing receptor (CaSR) 
on the surface of parathyroid glands and non-parathyroid gland tissue (nephrons, 
intestine) helps reducing calcium levels by controlling PTH synthesis. It is recom-
mended for patients with primary hyperparathyroidism in whom, surgery is contra-
indicated or not preferred. Recently it is tried with success in a patient with 
hypercalcemia associated with malignancy and it is emerging as a potential adju-
vant [39–41].

29.3.5.3  Corticosteroid
Corticosteroids inhibit formation of 1,25-dihydroxyvitamin D (calcitriol) and hence 
are useful in calcitriol mediated hypercalcemia commonly seen with lymphomas 
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[42]. Additionally, they may also inhibit osteoclastic bone resorption by decreasing 
locally active cytokines.

29.3.6 Prognostication

HCM is associated with poor outcome even in patients who are on active treatment. 
Historically, median survival of 30 days has been reported in a retrospective study 
of 126 patients with cancer-associated hypercalcemia [43]. Current reported median 
survival in solid tumor with HCM is marginally improved to 40 days. The hospital 
mortality rate in hospitalized adult solid cancer patients with HCM (12.3%) is more 
than double the mortality rate in patients not having HCM (5.5%) [44].

29.4  Superior Vena Cava Syndrome (SVCS)

Superior vena cava syndrome (SVCS) is a condition caused due to the either intra-
luminal or extraluminal compression of Superior vena cava (SVC).

29.4.1  Etiology of SVCS

Common malignant and benign causes of SVCS are listed in (Table 29.5) [45–50].

Table 29.5 Etiology Superior vena cava syndrome (SVCS) (Ref. [25–28])

Malignant causes Carcinoma of Lung
(a) Non small cell Ca Lung (most common)
(b) Small cell Ca Lung
Lymphomas
Metastases
Thymomas
Sarcomas
Other adenocarcinomas
Mesothelioma

Benign causes Port-a-cath (most common)
Dialysis catheter
Fibrosing mediastinitis
Pacemakers
Radiation fibrosis
Behchet’s syndrome
Retrosternal goiter
Giant bulla
Congential vascular defect
Granulomas
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29.4.2  Anatomy and Pathophysiology

Superior vena cava (SVC) is a thin walled compressible vessel, which drains blood 
from the head, upper libs and torso. It lacks strong architecture, similar to trachea or 
high internal pressure like aorta hence, is vulnerable to compression and obstruc-
tion. Any mass in the anterior and middle mediastinum can easily compress SVC. In 
cases of SVCS, pressure in SCV up to 20–40 mmHg has been reported in contrast 
to normal central venous pressure of 2–8 mm Hg [45]. This increase in venous pres-
sure leads to development of collateral vessels, if the obstruction occurs gradually. 
The azygous vein, (Fig. 29.3) connects SVC with the Inferior vena cava (IVC) and 
thus provides the collateral pathway for obstruction. However, if the obstruction is 
distal to it, the occlusion is above (distal) the origin of azygous vein, the blood is 
diverted through small venous collaterals [51].

29.4.3  Diagnosis

29.4.3.1  Clinical Features
Diagnosis of SVC syndrome is primarily clinical and supported by imaging to dem-
onstrate the obstruction. The signs and symptoms of SVCS are elaborated in 
Table 29.6 in order of their incidence [46]. The symptoms are usually exacerbated 

Fig. 29.3 Anatomy of 
Superior vena cava (SVC), 
Azygous vein and Inferior 
vena cava (IVC)
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by maneuvers that increase supra-cardiac venous pressure like performing valsalva 
maneuver, leaning forward and lying supine.

29.4.3.2  Imaging
Chest X-ray may reveal widening of superior mediastinum (in cases of mediastinal 
masses) in about 75% cases. Ultrasonography can rule out thrombosis of subcla-
vian, axillary and brachiocephalic veins in patients presenting with upper limb 
edema. Contrast enhanced CT imaging (CECT) will reveal the extent of tumor, 
involvement of surrounding structures, brain metastases, while venography can 
detect the presence of any intravascular thrombus [51]. Magnetic resonance imag-
ing (MRI) venography can be used in patients allergic to iodine contrast. Diagnostic 
bronchoscopy may be required to detect endoluminal tumor growth.

29.4.3.3  Tumor Histology
Tissue diagnosis of the tumor is essential for treatment. Sputum examination and 
pleural fluid cytology for cases of carcinoma lung, peripheral lymph node biopsy 
for suspected lymphoma can establish the histology of the tumor. At times, thora-
coscopy and mediastinoscopy may be required.

29.4.3.4  Management
The management of SVCS depends upon the severity of symptoms, probability of 
response to treatment (oncological etiology) and patient’s performance status. 
Often, a multidisciplinary approach involving intensivist, medical oncologist and 
radiation oncologist and interventional radiologist is needed.

Patients presenting with symptoms such as coma, cerebral edema, syncope, air-
way and hemodynamic compromise (hypotension) require immediate admission to 

Table 29.6 Signs and symptoms OF Superior vena cava syndrome (SVCS)

Symptom/signs Incidence (%)
Facial edema 60–100
Dsypnoea 38–70
Dilated chest vein collaterals 38–67
Distension of neck veins 27–86
Cough 22–58
Hoarseness of voice 15–20
Edema of upper extremities 14–75
Plethora 13–23
Syncope 8–13
Dizziness 2–10
Confusion 0–5
Stridor 0–5
Mental obtundation 0–3%

References [25, 29, 30, 33]
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intensive care unit (ICU) for stabilization and control of symptoms, while waiting 
for the results of other investigations to formulate the future treatment plan.

 I. General care
Patients should be nursed in 45-degree head up position to reduce the hydrostatic 
pressure in the veins of the upper torso. Venous access should be obtained in 
lower limbs.
 II. Anticipated difficult airway
Difficult ventilation should be anticipated, especially if there is orthopnea, stridor or 
bronchial compression on imaging. Diuretics and corticosteroids can help reduce 
airway edema, but steroids may be avoided if lymphoma is the provisional diagno-
sis and biopsy is pending. Esophageal varices with occasional variceal bleeding 
may be present in chronic SVCS.

 Interventional Radiology (Stents)
Endovascular stenting provides immediate relief from severe symptoms and has 
proven to be effective even in cases of relapsed malignancies [46]. Stenting may be 
avoided if rapid response to chemotherapy (lymphoma, small-cell lung cancer, and 
germ cell tumors) is expected or tumor is potentially amenable to surgery preceded 
by chemotherapy (thymoma). Kishi Scoring system (Table 29.7) can guide decision 
to initiate stent therapy based on the severity of symptoms [46, 47]. Stenting is fea-
sible, if the patient can lie supine under local anaesthesia. Headache resolves first, 
followed by facial and truncal edema. Short-term anticoagulation is often required 
after stent placement. SVCS of benign etiology is managed with endovascular 
therapy. In SVCS due to thrombosis, stenting, catheter- directed thrombolysis 

Table 29.7 Kishi Scoring system for decision to initiate stent therapy

Clinical signs Weighting
Neurological signs Awareness disorders or coma 4

Visual disorders, headache, vertigo or memory 
disorders

3

Mental disorders 2
Malaise 1

Thoracic or pharyngeal- 
laryngeal signs

Orthopnea or laryngeal edema 3

Stridor, dysphagia or dyspnea 2
Coughing or pleurisy 1

Facial signs Lip edema, nasal obstruction or epistaxis 2
Facial edema 1

Vessel dilation Neck, face or arms 1

A score of 4 or higher indicates a need for percutaneous stent placement
Adopted from Straka et al. Springer Plus (2016) 5:229 under Creative Commons license
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(CDT) or mechanical thrombectomy can be considered. An intravascular device 
like pacemaker wires or central venous catheters may be removed [49].

 Radiotherapy (RT)
RT can be palliative or definitive. Palliative RT is recommended for radiosensitive 
tumors like non-small cell lung cancer (NSCLC) encroaching critical structures in 
the mediastinum to halt progression of cardiac and respiratory symptoms. Definitive 
RT is administered with curative intent in cases of low- grade lymphoma, stage II or 
III NSCLC or SCLC with limited- stage disease. Radiotherapy can sometimes cause 
local edema with exacerbation of the symptoms, during treatment or SVCS due to 
radiation fibrosis later.

 Chemotherapy and Immunotherapy
Lymphomas, germ cell tumors and small cell lung cancer (SCLC) respond well to 
chemotherapy generally within 24–48 h [47]. After the resolution of initial symp-
toms, definitive chemotherapy should be planned.

 Surgery
After initial stabilization and chemotherapy, surgery is an option in resectable 
tumors like thymomas or Germ cell tumors.

29.5  Hyperviscosity Syndrome (HVS)

Hyperviscosity syndrome (HVS) is an oncologic emergency due to elevated blood 
viscosity either due to plasma or cellular components. They can produce life- threat-
ening consequences due to hypoperfusion caused by sluggish blood flow and also 
due to impaired coagulation leading to bleeding.

29.5.1  Etiology

Aetiology of HVS in various diseases is discussed in (Table 29.8). Waldenstrom 
macroglobulinemia (WM) is one of the most common etiologies of 
HVS. Hyperleukocytosis and Leukocytosis are discussed separately.

29.5.2  Pathophysiology

An increase in blood viscosity either due to circulating cells or proteins cause slug-
gishness of blood flow leading to decreased microvascular circulation, and organ 
hypoperfusion while coagulation is impaired due to interference to platelet aggrega-
tion by the circulating proteins [52–54].
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29.5.3  Clinical Features

Multiorgan involvement is frequently encountered, however, central nervous system 
and pulmonary vasculature are most commonly affected. The clinical features of 
HVS are summarized in (Table 29.9) [52–54].

29.5.4  Laboratory Parameters

Serum viscosity should be measured, if HVS is suspected. The reference range of 
serum viscosity is 1.4–1.8 centipoise(cp). Fundoscopy may reveal “string of 

Table 29.8 Etiology of HVS

I. Increase in plasma proteins
     • Multiple myeloma (IgA, IgE, IgG3)
     • Waldenstrommacroglobulinemia
     • Cryoglobulinemia
IIa Increase in red cell mass
     • Neonates
     • Polycythemia rubra vera
     • Cyanotic heart disease
IIb Abnormal RBC
     • Sickle cell anaemia
III. Leukocytosis
     • Leukemias (AML> ALL, CML. CLL) (Discussed under Hyperleukocytosis)
IV. Drugs
     • Rituximab
VI. Miscellaneous
     • Rheumatoid arthritis
     • Systemic lupus erythematosus (SLE)
     • Sjogren’s syndrome
     • HIV
     • Castleman’s disease

Table 29.9 Clinical features of HVS

System Symptoms and signs
Skin & musculoskeletal 
system

Mucosal bleeding, neuropathya

Central nervous system 
(CNS)

Headache, dizziness, ischemic stroke, transient ischemic attack, 
ataxia, coma, seizure

Vascular system Thromboembolism in arteries and veins
Retinal venous congestion, blurring of vision
Retinal ischemia, papilledema

Cardiovascular system 
(CVS)

Myocardial infarction, high output failure

Gastrointestinal system 
(GI)

Budd-chiari syndrome, mesenteric ischemia

aNeuropathy is due to paraprotein deposition in myelin sheath of the peripheral nerves
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sausages” appearance due to retinal venous engorgement, hemorrhages and retinal 
vein occlusion [52]. Peripheral smear can show “rouleaux formation” due to abnor-
mal paraproteins cause aggregation of red blood cells.

29.5.5  Management of HVS

Intravascular hydration with crystalloid solution is the first step. Colloids and blood 
transfusion may be avoided due to risk of further increase in viscosity. In patients 
with WM, plasmapheresis can decrease serum viscosity and is done daily, till reso-
lution of symptoms. In plasmapheresis, blood is centrifuged, and plasma is sepa-
rated from the cellular components. The proteins are removed and replaced with 
albumin or fresh frozen plasma [52]. A single session reduces levels of serum pro-
teins by 65% and reduces serum viscosity by 20% and removes large molecules 
such as IgA and IgM [52, 53].

29.6  Hyperleukocytosis and Leukostasis

Hyperleucocytosis is defined as total leucocyte count more than100,000 per 
microliter of blood (100 × 109/L) [55]. Leukostasis (symptomatic hyperleukocy-
tosis) is tissue hypoperfusion due to extremely elevated leucocyte or blast 
cell count.

29.6.1  Etiology

Hyperleukocytosis is associated with specific subtypes of leukemia. In AML, 
hyperleukocytosis is associated with monocytic differentiation subtypes (M4, 
M5) while, in acute promyelocytic leukaemia (APML) and (ALL) an association 
with t (4:11) and t(9:22) is observed [56–58]. In chronic lymphocytic leukemia 
(CLL), symptomatic hyperleukocytosis occurs only if WBC is greater than 
1,00,000 μ/ml [55].

29.6.2  Pathophysiology

Patients with hyperleukcocytosis are at risk for development of tumor lysis syn-
drome (TLS), disseminated intravascular coagulation (DIC) and leukostasis. There 
can be vascular obstruction and tissue hypoxia leading to a myriad of systemic 
manifestations. Two theories are being postulated for the pathophysiology of leu-
kostasis. The rheological theory, where the viscosity of blood depends on the 
deforming capacity of the cells and the total volume of cells in the blood. In cases 
of high leukocrit, increased blood viscosity is due to increase in the volume of 
WBCs in the blood. As per this proposed theory, myeloblasts are bigger and less 
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deformable than lymphoblasts and lymphocytes, so leukostasis is more commonly 
observed in AML than ALL and CLL where it occurs at much higher counts of 
WBC. While the other theory, focuses on the interaction of endothelium with the 
blast cells. It was proposed that the endothelium when activated by blast cells 
secretes cytokines and the adhesion molecules (VCAM and selectins) promote 
adhesion of blasts to the endothelium. Generally, leukostasis occurs at lower cell 
counts in myelomonocytic and monocytic AML (>50 × 109/L) compared to other 
AML and CML (>100 × 109/L). Leukostasis is rare in ALL and is seen at very high 
counts (>400 × 109/L) [59]. 

29.6.3  Clinical Features

Table 29.10 summarizes the clinical picture of Hyperleukocytosis [55, 60].

29.6.4  Management

Hyperleukocytosis management is aimed at reducing the WBCs and supporting cir-
culation. In acute phase, patient should be admitted to ICU for monitoring and sta-
bilization. Aggressive hydration is the initial step, measures for monitoring and 
treatment of TLS and DIC if suspected, should be in place. Once the patient stabi-
lizes, further therapy in the form of induction chemotherapy (CT) and leucopheresis 
should be planned. Supportive management also includes cranial irradiation for leu-
kostasis and neurological symptoms. Dexamethasone has been shown to prevent 
adhesion of the WBCs to the endothelium and hyperleukocytosis associated with 
arsenic trioxide treatment in APML [60].

Table 29.10 Clinical features of Hyperleukocytosis

System Signs and symptoms
Central nervous 
system

Stroke, altered mental state, headache, focal neurological deficits, 
confusion, coma, blurred vision, tinnitus

Cardiovascular 
system

Congestive heart failure

Respiratory system Pulmonary infarcts, pulmonary hemorrhage, Pseudo hypoxemia 
(leucocyte lacerny), tachypnea, dyspnea, Rhales

Genitourinary Renal infarcts, stones (TLS), priapism
Gastrointestinal 
system

Bowel ischemia, splenic infarcts, Budd chiari syndrome

Hematological 
system

DIC, thrombosis, lab abnormalities—low fibrinogen, increased fibrin 
degradation products, and D-dimer.
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29.6.4.1  Induction Chemotherapy (CT)
Induction CT reduces the cell burden in 24–72 h. If induction CT is not feasible, a 
low dose CT (hydroxyurea, cytarabine in cases of AML) can be considered [59]. 
These patients are at high risk for development of TLS.

29.6.4.2  Leukocytapheresis
The aim of leukocytapheresis is to improve tissue perfusion and to control or 
prevent the acute symptoms of leukostasis. In this procedure, WBCs or the blasts 
are removed from the patient’s body and rest of the components are infused back. 
It is mostly performed in patients with AML and occasionally in ALL, CLL and 
CML. The improvement in symptoms gives an idea of the adequacy of leukocy-
tapheresis. A single cycle reduces peripheral WBCs by 30–60% and maybe con-
sidered once or twice in a day [55]. Replacement fluid should provide a net 
positive fluid balance of 15%. Platelets, cryoprecipitate or plasma transfusion 
can be considered if indicated. In asymptomatic patients, Leukocytapheresis is 
discontinued when resolution of symptoms with WBC count <50–100×109/L in 
AML and  <  400×109/L in ALL.  In prophylactic apheresis, it is discontinued 
when the WBC count <100×109/L and < 400×109/L in AML and ALL respec-
tively [59].

29.7  Malignant Spinal Cord Compression (MSCC)

It is the condition in which tumor (primary or metastasis) of spine jeopardizes the 
blood circulation or the function of spinal cord and can cause devastating impair-
ment in quality of life, if left untreated.

29.7.1  Incidence and Risk Factors

MSCC can be due to primary spinal cord tumor or due to spinal metastases. 
Malignancies commonly presenting with spinal metastases are carcinomas of lung, 
prostrate and breast. It is estimated that up to 3–5% of cancer patients can have 
vertebral metastases on their first visit to the hospital [61]. Compression at thoracic 
level is far more common than lumbar level, while compression at cervical level is 
infrequent [62].

29.7.2  Clinical Features

The most common presenting symptom of MSSC is progressive back pain exac-
erbated by maneuvers that increase intraabdominal pressure like coughing, sneez-
ing or bending forward. Localized pain is due to inflammation and periosteal 
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stretching of the vertebral marrow. Movement associated pain, may indicate 
impeding fracture or unstable spine. Whereas, radicular pain presenting as pins 
and needle or burning sensation is due to nerve root compression by the tumor or 
the resultant vertebral collapse. The vertebral collapse can lead to paresis due to 
cord compression.

Often, patients present with weakness or heaviness in legs with loss of motor 
functions. Motor tracts are more sensitive to compression hence the loss of 
motor functions occur first followed by sensory loss and bladder bowel dys-
function [63]. In the initial stage, neurological symptoms may be reversible, 
but later on, vascular damage sets in and the neurological deficit is almost 
permanent.

29.7.3  Diagnosis

29.7.3.1  History and Physical Examination
A comprehensive history about the onset of symptoms, previous oncological diag-
nosis, and comorbidities should be taken. Thorough neurological examination 
should be done at baseline and repeated frequently for neurological deficit.

29.7.3.2  Imaging
Whenever MSCC is suspected, the patient should undergo neuroimaging at  
the earliest after initial stabilization. The whole spine should be imaged as  
multiple sites of metastases might exist in the same patient. MRI is the gold stan-
dard for the definitive diagnosis of MSCC with sensitivity of 93% and specificity 
of 98% [63] (Table 29.11). CT scan has a sensitivity of 66% and specificity of 
99% respectively. If tissue diagnosis is needed, CT guided percutaneous biopsy of 
the most superficial and accessible lesion in the spine can be performed  
along with scan of chest, abdomen and pelvis for primary site, staging and 
prognostication.

Table 29.11 MRI grading of Malignant Spinal cord compression (MSCC)

Grades Location of the tumor in spine
Grade 0 Tumor confined to bone
Grade 1 Tumor with epidural extension without contact with the SC or just SC 

abutment without displacement.
Ia Epidural tumor without thecal sac compression
Ib Epidural tumor with thecal sac compression but no cord contact
Ic Epidural tumor with thecal sac compression and cord contact without 

compression
Grade 2 Tumor displaces or compresses the SC, without circumferential tumor 

extension or obliteration of the cerebrospinal fluid (CSF) space.
Grade 3 Tumor with circumferential epidural extension and/or that causes severe SCC 

with obliteration of the CSF space
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29.7.4  Management

Early diagnosis and treatment can reduce the extent of neurological morbidity. Bed 
rest and steroids are the mainstay of initial management. If spine stability is a con-
cern, patient should be nursed in flat position, with neutral spine including log 
rolling. Venous thromboembolism prophylaxis and ulcer prophylaxis should be 
given [64]. Glucocorticoids provide analgesia and decrease the production of pros-
taglandins and vascular endothelial growth factor, reducing the cord edema and 
preserve neurological function. A meta-analysis conducted by Kumar et al. con-
cluded that steroids are most effective when given immediately or within 12 h of 
onset of symptoms. A bolus of 10 mg IV bolus followed by 16 mg of dexametha-
sone divided in four doses of 4 mg IV or orally [65]. Rapid resolution of tumor in 
a suspected steroid- responsive disease like lymphoma should be kept in mind 
especially if biopsy is pending. Once the diagnosis is confirmed, definitive treat-
ment should be initiated. The management choices are radiotherapy, surgery 
or both.

29.7.4.1  Surgery
The indications of decompressive surgery are fractured or unstable spine, bony ret-
ropulsion and need for excision biopsy of the spinal lesion, or for tissue diagnosis in 
cases of unknown malignancy [66]. Surgery is also considered in in patients with 
radioresistant tumors like renal cell, melanoma, sarcoma, non-small cell lung, and 
gastrointestinal malignancies or radiosensitive tumor with previous radiation 
(relapse or recurrence).

The decision for surgery depends on the patient’s general condition, stage of 
malignancy and prognosis [66].

Patient’s prognosis can be determined by the Tokuhashi score as given in 
Table 29.12.

The spinal instability Neoplastic score (SINS) was developed to assess the level 
of spine instability and help identify patients at risk before the onset of neurological 
deficit. It has a sensitivity of 95.7% and specificity of 79.5% [66].

29.7.4.2  Radiotherapy (RT)
It is considered in radiosensitive tumour like, lymphoma, myeloma, germ cell 
tumors, breast, ovary, prostate and small cell lung cancer if there is no indication for 
urgent surgical decompression. Stereotactic RT has the advantage of local tumor 
destruction with minimal damage to the spinal cord. RT is less effective in radiore-
sistant tumors like sarcoma, renal cell or melanoma but may be considered for 
palliation.

29.7.4.3  Pain Management and Rehabilitation
Opioids, paracetamol and NSAIDs along with stool softeners are the mainstay of 
pain management in these patients. Rehabilitation includes management of neuro-
genic bladder and bowel, prevention of decubitus ulcers, and rehabilitative care dur-
ing acute hospitalization [67]. The patient should be mobilized with caution once 
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spine stability is ensured. Use of walkers and spinal braces should be encouraged. 
The presentation of neurogenic bladder and bowel depends upon the site of lesion. 
Upper motor neuron presents as urinary and fecal retention where the patients, self 
catheterize and use osmotic and motility agents for preventing constipation. Lower 
motor neuron lesions present with urinary and bowel incontinence and the patients 
maintain bladder voiding and bowel evacuation schedules. Decubitus ulcers should 
be prevented by regularly changing the bed position every two hours with log roll-
ing to prevent areas of pressure necrosis and air mattress should be used. Occupational 
therapy during hospitalization should include fine motor dexterity and targeted task 
sequencing [67].

Table 29.12 Tokuhashi score

Predictive factor
Score 
(points)

General condition Karnofsky’s 
performance status. (KPS)

Poor (KPS 10–40%) 0
Moderate (KPS 50–70%) 1
Good (KPS 80–100%) 2

Number of extraspinal bone 
metastases foci

≥3 0

1–2 1
0 2

Number of metastases in the vertebral 
body

≥3 0

2 1
1 2

Metastases to the major internal 
organs

Unremovable 0
Removable 1
No metastases 2

Primary site of the cancer
Lung, osteosarcoma, stomach, bladder, 
esophagus, pancreas

0

Liver, gallbladder, unidentified 1
Others 2
Kidney, uterus 3
Rectum 4
Thyroid, prostate, breast, carcinoid 
tumor

5

Spinal cord palsy
Complete (Frankel A, B) 0
Incomplete (Frankel C, D) 1
None (Frankel E) 2

A. Kothekar et al.



347

References

 1. Berghmans T, Paesmans M, Body JJ.  A prospective study on hyponatraemia in medical 
cancer patients: epidemiology, aetiology and differential diagnosis. Support Care Cancer. 
2000;8(3):192–7. https://doi.org/10.1007/s005200050284.

 2. Schwartz WB, Bennett W, Curelop S, Bartter FC. Syndrome of renal sodium loss and hypo-
natremia probably resulting from inappropriate secretion of antidiuretic hormone. Am J Med. 
1957;23(4):529–42. https://doi.org/10.1016/0002- 9343(57)90224- 3.

 3. Feldman BJ, Rosenthal SM, Vargas GA, Fenwick RG, Matsuda-Abedini M, Lustig RH, et al. 
Nephrogenic syndrome of inappropriate antidiuresis. N Engl J Med. 2005;352(18):1884–90. 
https://doi.org/10.1056/NEJMoa042743.

 4. Leaf A, Bartter FC, Santos RF, Wrong O. Evidence in man that urinary electrolyte loss induced 
by pitressin is a function of water retention. J Clin Invest. 1953;32(9):868–78. https://doi.
org/10.1172/JCI102805.

 5. Robertson GL, Antidiuretic hormone. Normal and disordered function. Endocrinol Metab Clin 
N Am. 2001;30(3):671–94. https://doi.org/10.1016/s0889- 8529(05)70207- 3.

 6. Janicic N, Verbalis JG.  Evaluation and management of hypo-osmolality in hospitalized 
patients. Endocrinol Metab Clin North Am. 2003;32:459–81. https://doi.org/10.1016/
s0889- 8529(03)00004- 5.

 7. Feder J, Gomez JM, Serra-Aguirre F, Musso CG. Reset Osmostat: facts and controversies. 
Indian J Nephrol. 2019;29(4):232–4. https://doi.org/10.4103/ijn.IJN_307_17.

 8. Robertson LG. Regulation of arginine vasopressin in the syndrome of inappropriate Antidiuresis. 
Am J Med. 2006;119(7 Suppl 1):S36–42. https://doi.org/10.1016/j.amjmed.2006.05.006.

 9. Nelson PB, Seif SM, Maroon JC, Robinson AG. Hyponatremia in intracranial disease: perhaps 
not the syndrome of inappropriate secretion of antidiuretic hormone (SIADH). J Neurosurg. 
1981;55(6):938–41. https://doi.org/10.3171/jns.1981.55.6.0938.

 10. Wijdicks EF, Vermeulen M, Haaf JA, Hijdra A, Bakker WH, van Gijn J. Volume depletion and 
natriuresis in patients with a ruptured intracranial aneurysm. Ann Neurol. 1985;18(2):211–6. 
https://doi.org/10.1002/ana.410180208.

 11. Sivakumar V, Rajshekhar V, Chandy MJ.  Management of neurosurgical patients 
with hyponatremia and natriuresis. Neurosurgery. 1994;34(2):269–74. https://doi.
org/10.1227/00006123- 199402000- 00010.

 12. Maesaka JK, Imbriano L, Mattana J, Gallagher D, Bade N, Sharif S. Differentiating SIADH 
from cerebral/renal salt wasting: failure of the volume approach and need for a new approach 
to hyponatremia. J Clin Med. 2014;3(4):1373–85. https://doi.org/10.3390/jcm3041373.

 13. Sterns RH, Nigwekar SU, Hix JK.  The treatment of hyponatremia. Semin Nephrol. 
2009;29(3):282–99. https://doi.org/10.1016/j.semnephrol.2009.03.002.

 14. Spasovski G, Vanholder R, Allolio B, Annane D, Ball S, Bichet D, et  al. Clinical practice 
guideline on diagnosis and treatment of hyponatraemia. Nephrol Dial Transplant. 2014 
Apr;29(Suppl 2):i1–i39. https://doi.org/10.1093/ndt/gfu040.

 15. Verbalis JG, Goldsmith SR, Greenberg A, Korzelius C, Schrier RW, Sterns RH, et  al. 
Diagnosis, evaluation, and treatment of hyponatremia: expert panel recommendations. Am J 
Med. 2013;126(10 Suppl 1):S1–42. https://doi.org/10.1016/j.amjmed.2013.07.006.

 16. Cuesta M, Ortolá A, Garrahy A, Calle Pascual AL, Runkle I, Thompson CJ.  Predictors of 
failure to respond to fluid restriction in SIAD in clinical practice; time to re-evaluate clinical 
guidelines? QJM. 2017 Aug 1;110(8):489–92. https://doi.org/10.1093/qjmed/hcx036.

 17. Furst H, Hallows KR, Post J, Chen S, Kotzker W, Goldfarb S, et al. The urine/plasma electro-
lyte ratio: a predictive guide to water restriction. Am J Med Sci. 2000;319(4):240–4. https://
doi.org/10.1097/00000441- 200004000- 00007.

 18. Schrier RW, Gross P, Gheorghiade M, Berl T, Verbalis JG, Czerwiec FS et  al. SALT 
Investigators. Tolvaptan, a selective oral vasopressinV2-receptor antagonist, for hyponatre-
mia. N Engl J Med. 2006 Nov 16;355(20):2099–112. https://doi.org/10.1056/NEJMoa065181. 
Epub 2006 Nov 14.

29 Management of Oncologic Emergencies

https://doi.org/10.1007/s005200050284
https://doi.org/10.1016/0002-9343(57)90224-3
https://doi.org/10.1056/NEJMoa042743
https://doi.org/10.1172/JCI102805
https://doi.org/10.1172/JCI102805
https://doi.org/10.1016/s0889-8529(05)70207-3
https://doi.org/10.1016/s0889-8529(03)00004-5
https://doi.org/10.1016/s0889-8529(03)00004-5
https://doi.org/10.4103/ijn.IJN_307_17
https://doi.org/10.1016/j.amjmed.2006.05.006
https://doi.org/10.3171/jns.1981.55.6.0938
https://doi.org/10.1002/ana.410180208
https://doi.org/10.1227/00006123-199402000-00010
https://doi.org/10.1227/00006123-199402000-00010
https://doi.org/10.3390/jcm3041373
https://doi.org/10.1016/j.semnephrol.2009.03.002
https://doi.org/10.1093/ndt/gfu040
https://doi.org/10.1016/j.amjmed.2013.07.006
https://doi.org/10.1093/qjmed/hcx036
https://doi.org/10.1097/00000441-200004000-00007
https://doi.org/10.1097/00000441-200004000-00007
https://doi.org/10.1056/NEJMoa065181


348

 19. Verbalis JG, Adler S, Schrier RW, Berl T, Zhao Q, Czerwiec FS. SALT Investigators. Efficacy 
and safety of oral tolvaptan therapy in patients with the syndrome of inappropriate antidiuretic 
hormone secretion. Eur J Endocrinol 2011 May;164(5):725–732. https://doi.org/10.1530/
EJE- 10- 1078. Epub 2011 Feb 11.

 20. De las Peñas R, Escobar Y, Henao F, Blasco A, Rodríguez CA, Spanish Society for Medical 
Oncology. SEOM guidelines on hydroelectrolytic disorders. Clin Transl Oncol 2014 
Dec;16(12):1051–1059. https://doi.org/10.1007/s12094- 014- 1234- 2. Epub 2014 Oct 11.

 21. Jick S, Li L, Gastanaga VM, Liede A.  Prevalence of hypercalcemia of malignancy among 
cancer patients in the UK: analysis of the Clinical Practice Research Datalink database. Cancer 
Epidemiol. 2015; 39:901–7. https://doi.org/10.1016/j.canep.2015.10.012. Epub 2015 Nov 9.

 22. Mirrakhimov AE. Hypercalcemia of malignancy: an update on pathogenesis and management. 
N Am J Med Sci. 2015 Nov;7(11):483–93. https://doi.org/10.4103/1947- 2714.170600.

 23. Clines GA, Guise TA.  Hypercalcaemia of malignancy and basic research on mechanisms 
responsible for osteolytic and osteoblastic metastasis to bone. Endocr Relat Cancer. 2005 
Sep;12(3):549–83. https://doi.org/10.1677/erc.1.00543.

 24. Carroll MF, Schade DS. A practical approach to hypercalcemia. Am Fam Physician. 2003 May 
1;67(9):1959–66.

 25. Takano S, Kaji H, Hayashi F, Higashiguchi K, Joukei S, Kido Y, et al. A calculation model 
for serum ionized calcium based on an equilibrium equation for complexation. Anal Chem 
Insights. 2012;7:23–30. https://doi.org/10.4137/ACI.S9681.

 26. Pfitzenmeyer P, Martin I, d’Athis P, Grumbach Y, Delmestre MC, Blondé-Cynober F et al. A 
new formula for correction of total calcium level into ionized serum calcium values in very 
elderly hospitalized patients. Arch Gerontol Geriatr. 2007 Sep–Oct;45(2):151–7. https://doi.
org/10.1016/j.archger.2006.10.006. Epub 2006.

 27. Nates LJ, Price JK.  Oncologic critical care [e-book], 1st edition. Cham Switzerland: 
Springer International Publishing; 2020 [Cited 2021 April 12], pp. 1017–28. Available from 
http://93.174.95.29/main/4206DCE99287433B8AB4C9ECC4B4D3.

 28. Pearce CJ, Hine TJ, Peek K.  Hypercalcaemia due to calcium binding by a poly-
meric IgA kappa-paraprotein. Ann Clin Biochem. 1991;28(Pt 3):229–34. https://doi.
org/10.1177/000456329102800305.

 29. Hosking DJ, Cowley A, Bucknall CA. Rehydration in the treatment of severe hypercalcaemia. 
Q J Med. 1981 Autumn;50(200):473–81.

 30. Stewart AF.  Clinical practice. Hypercalcemia associated with cancer. N Engl J Med. 
2005;352(4):373–9. https://doi.org/10.1056/NEJMcp042806.

 31. LeGrand SB, Leskuski D, Zama I.  Narrative review: furosemide for hypercalcemia: an 
unproven yet common practice. Ann Intern Med. 2008 Aug 19;149(4):259–63. https://doi.
org/10.7326/0003- 4819- 149- 4- 200808190- 00007.

 32. Koo WS, Jeon DS, Ahn SJ, Kim YS, Yoon YS, Bang BS, et  al. Calcium- free hemodi-
alysis for the management of hypercalcemia. Nephron. 1996;72(3):424–8. https://doi.
org/10.1159/000188907.

 33. Silva OL, Becker KL. Salmon calcitonin in the treatment of hypercalcemia. Arch Intern Med. 
1973;132(3):337–9.

 34. McCurdy MT, Shanholtz CB. Oncologic emergencies. Crit Care Med. 2012 Jul;40(7):2212–22. 
https://doi.org/10.1097/CCM.0b013e31824e1865.

 35. Major P, Lortholary A, Hon J, Abdi E, Mills G, Menssen HD, et al. Zoledronic acid is superior 
to pamidronate in the treatment of hypercalcemia of malignancy: a pooled analysis of two 
randomized, controlled clinical trials. J Clin Oncol. 2001 Jan 15;19(2):558–67. https://doi.
org/10.1200/JCO.2001.19.2.558.

 36. Saunders Y, Ross JR, Broadley KE, Edmonds PM, Patel S, Steering Group. Systematic review 
of bisphosphonates for hypercalcaemia of malignancy. Palliat Med. 2004;18(5):418–31. 
https://doi.org/10.1191/0269216304pm914ra.

 37. Salahudeen AA, Gupta A, Jones JC, Cowan RW, Vusirikala M, Kwong C, et  al. PTHrP- 
induced refractory malignant hypercalcemia in a patient with chronic lymphocytic leukemia 

A. Kothekar et al.

https://doi.org/10.1530/EJE-10-1078
https://doi.org/10.1530/EJE-10-1078
https://doi.org/10.1007/s12094-014-1234-2
https://doi.org/10.1016/j.canep.2015.10.012
https://doi.org/10.4103/1947-2714.170600
https://doi.org/10.1677/erc.1.00543
https://doi.org/10.4137/ACI.S9681
https://doi.org/10.1016/j.archger.2006.10.006
https://doi.org/10.1016/j.archger.2006.10.006
http://93.174.95.29/main/4206DCE99287433B8AB4C9ECC4B4D3
https://doi.org/10.1177/000456329102800305
https://doi.org/10.1177/000456329102800305
https://doi.org/10.1056/NEJMcp042806
https://doi.org/10.7326/0003-4819-149-4-200808190-00007
https://doi.org/10.7326/0003-4819-149-4-200808190-00007
https://doi.org/10.1159/000188907
https://doi.org/10.1159/000188907
https://doi.org/10.1097/CCM.0b013e31824e1865
https://doi.org/10.1200/JCO.2001.19.2.558
https://doi.org/10.1200/JCO.2001.19.2.558
https://doi.org/10.1191/0269216304pm914ra


349

responding to denosumab. Clin Lymphoma Myeloma Leuk. 2015:15(9):e137–e140. https://
doi.org/10.1016/j.clml.2015.06.007. Epub 2015 Jun 19.

 38. Hu MI, Glezerman IG, Leboulleux S, Insogna K, Gucalp R, Misiorowski W, et al. Denosumab 
for treatment of hypercalcemia of malignancy. J Clin Endocrinol Metab. 99(9):3144–52. 
https://doi.org/10.1210/jc.2014- 1001.

 39. Asonitis N, Kassi E, Kokkinos M, Giovanopoulos I, Petychaki F, Gogas H, et al. Hypercalcemia 
of malignancy treated with cinacalcet. Endocrinol Diabetes Metab Case Rep. 2017 Dec 
15;(2017):17–0118. https://doi.org/10.1530/EDM- 17- 0118.

 40. Takeuchi Y, Takahashi S, Miura D, Katagiri M, Nakashima N, Ohishi H, Shimazaki R, 
Tominga Y.  Cinacalcet hydrochloride relieves hypercalcemia in Japanese patients with 
parathyroid cancer and intractable primary hyperparathyroidism. J Bone Miner Metab. 
2017;35(6):616–22. https://doi.org/10.1007/s0074- 016- 0797- 0.

 41. Sheehan MT, Wermers RA, Jatoi A, Loprinzi CL, Onitilo AA. Oral cinacalcet responsiveness 
in non-parathyroid hormone mediated hypercalcemia of malignancy. Med Hypotheses 2020 
Oct;143:110149. https://doi.org/10.1016/j.mehy.2020.110149. Epub 2020 Jul 30.

 42. Sternlicht H, Glezerman IG. Hypercalcemia of malignancy and new treatment options. Ther 
Clin Risk Manag. 2015 Dec 4;(11):1779–88. https://doi.org/10.2147/TCRM.S83681.

 43. Ralston SH, Gallacher SJ, Patel U, Campbell J, Boyle IT. Cancer-associated hypercalcemia: 
morbidity and mortality. Clinical experience in 126 treated patients. Ann Intern Med. 1990 Apr 
1;112(7):499–504. https://doi.org/10.7326/0003- 4819- 112- 7- 499.

 44. Ramos REO, Perez Mak M, Alves MFS, Piotto GHM, Takahashi TK, Gomes da Fonseca L, 
et al. Malignancy-related hypercalcemia in advanced solid tumors: survival outcomes. J Glob 
Oncol. 2017;3(6):728–33. https://doi.org/10.1200/JGO.2016.006890.

 45. Wilson DL, Detterbeck FC, Yahalom J.  Clinical practice. Superior vena cava sydrome 
with Malignant Causes. N Eng J Med 2007;356(18):1862–1869. https://doi.org/10.1056/
NEJMcp067190. Erratum in: N Engl J Med.2008 Mar 6;358(10):1083.

 46. Straka C, Ying J, Kong FM, Wiley DC, Kaminski J, Kim NDW. Review of evolving etiologies, 
implications and treatment strategies for the superior vena cava syndrome. Springer plus. 2016 
Feb 29;5:229. https://doi.org/10.1186/s40064- 016- 1900- 7.

 47. Friedman T, Quencer KB, Kishore SA, Winokur RS, Madoff DC. Malignant venous obstruction: 
superior vena cava syndrome and beyond. Semin Intervent Radiol. 2017 Dec;34(4):398–408. 
https://doi.org/10.1055/s- 0037- 1608863.

 48. Batihan G, Usluer O, Kaya SO. Rare cause of superior vena cava syndrome: a giant bulla. BMJ 
Case Rep. 2018;11:e226477. https://doi.org/10.1136/bcr- 2018- 226477.

 49. Garcia CR. Non-malignant superior vena cava syndrome in a patient with incidental diagnosis 
of a congenital vascular defect. BMJ Case Rep. 2017; https://doi.org/10.1136/bcr- 2016- 218844.

 50. Israel RA, VanderLaan PA, Chee A. Man with superior vena cava syndrome and granulomas. Ann 
Am Thorac Soc. 2020 Jan;17(1):107–11. https://doi.org/10.1513/AnnalsATS.201905- 348CC.

 51. Nates LJ, Price JK.  Oncologic critical care [e-book], 1st edition. Cham Switzerland: 
Springer International Publishing; 2020 [Cited 2021 April 12], pp. 1253–64. Available from 
http://93.174.95.29/main/4206DCE99287433B8AB4C9ECC4B4D3.

 52. Shenoy S, Shetty S, Lankala S, Anwer F, Yeager A, Adigopula S. Cardiovascular oncologic 
emergencies. Cardiology. 2017;138(3):147-158. https://doi.org/10.1159/000475491. Epub 
2017 Jun 28.

 53. Khan UA, Shanholtz CB, McCurdy MT. Oncologic mechanical emergencies. Hematol Oncol 
Clin North Am. 2017;31(6):927–40. https://doi.org/10.1016/j.hoc.2017.08.001.

 54. Gertz AM.  Acute hyperviscosity: syndromes and management. Blood 2018 Sep 
27;132(13):1379–1385. https://doi.org/10.1182/blood- 2018- 06- 846816. Epub 2018 Aug13.

 55. Nates LJ, Price JK.  Oncologic critical care [e-book], 1st edition. Cham Switzerland: 
Springer International Publishing; 2020 [Cited 2021 April 12]. pp. 1147–54. Available from 
http://93.174.95.29/main/4206DCE99287433B8AB4C9ECC4B4D3.

 56. Cuttner J, Conjalika MS, Reilly M, Goldberg J, Reisman A, Meyer RJ, et al. Association of 
monocytic leukemia in patients with extreme leukocytosis. Am J Med. 1980 Oct;69(4):555–8. 
https://doi.org/10.1016/0002- 9343(80)90467- 2.

29 Management of Oncologic Emergencies

https://doi.org/10.1016/j.clml.2015.06.007
https://doi.org/10.1016/j.clml.2015.06.007
https://doi.org/10.1210/jc.2014-1001
https://doi.org/10.1530/EDM-17-0118
https://doi.org/10.1007/s0074-016-0797-0
https://doi.org/10.1016/j.mehy.2020.110149
https://doi.org/10.2147/TCRM.S83681
https://doi.org/10.7326/0003-4819-112-7-499
https://doi.org/10.1200/JGO.2016.006890
https://doi.org/10.1056/NEJMcp067190
https://doi.org/10.1056/NEJMcp067190
https://doi.org/10.1186/s40064-016-1900-7
https://doi.org/10.1055/s-0037-1608863
https://doi.org/10.1136/bcr-2018-226477
https://doi.org/10.1136/bcr-2016-218844
https://doi.org/10.1513/AnnalsATS.201905-348CC
http://93.174.95.29/main/4206DCE99287433B8AB4C9ECC4B4D3
https://doi.org/10.1159/000475491
https://doi.org/10.1016/j.hoc.2017.08.001
https://doi.org/10.1182/blood-2018-06-846816
http://93.174.95.29/main/4206DCE99287433B8AB4C9ECC4B4D3
https://doi.org/10.1016/0002-9343(80)90467-2


350

 57. Goldstone AH, Richards SM, Lazarus HM, Tallman MS, Buck G, Fielding AK et  al. In 
adults with standard-risk acute lymphoblastic leukemia, the greatest benefit is achieved from 
a matched sibling allogeneic transplantation in first complete remission, and an autologous 
transplantation is less effective than conventional consolidation/maintainence chemotherapy 
in all patients: final results of the international ALL trial (MRC UKALL XII/ECOG E2993).
Blood 2008 Feb 15;111(4):1827–1833. https://doi.org/10.1182/blood- 2007- 10- 116582. Epub 
2007 Nov 29.

 58. Johansson B, Moorman AV, Haas OA, Watmore AE, Cheung KL, Swanton S, et  al. 
Hematologic malignancies with t(4;11)(q21;q23)-- a cytogenetic, morphologic, immunophe-
notypic and clinical study of 183 cases. European11q23 workshop participants. Leukemia. 
1998 May;12(5):779–87. https://doi.org/10.1038/sj.leu.2401012.

 59. Padmanabhan A, Smith CL, Aqui N, Balogen AR, Klingel R, Meyer E, et al. Guidelines on 
the use of therapeutic apheresis in clinical practice- evidence based approach from the writing 
Committee of the American Society for apheresis: the eight special issue. J Clin Apher. 2019 
Jun;34(3):171–354. https://doi.org/10.1002/jca.21705.

 60. Ganzel C, Becker J, Mintz PD, Lazarus HM, Rowe JM.  Hyperleuckocytosis, leukostasis 
and leukapheresis: practice management. Blood Rev. 2012 May;26(3):117–22. https://doi.
org/10.1016/j.blre.2012.01.003.

 61. Al-Qurainy R, Collis E.  Metastatic spinal cord compression: diagnosis and management. 
BMJ. 2016 May 19;353:i2539. https://doi.org/10.1136/bmj.i2539.

 62. Byrne TN.  Spinal cord compression from epidural metastases. N Engl J Med. 1992 Aug 
27;327(9):614–9. https://doi.org/10.1056/NEJM199208273270907.

 63. Boussios S, Cooke D, Hayward C, Kanellos FS, Tsiouris AK, Chatziantoniou AA, et  al. 
Metastatic spinal cord compression: unravelling the diagnostic and therapeutic challenges. 
Anticancer Res. 2018 Sep;38(9):4987–97. https://doi.org/10.21873/anticanres.1817.

 64. Metastatic spinal cord compression review – Nice guidelines http://pathways.nice.org.uk/path-
ways/metastatic- spinal- cord- compression. Last updated - 4 November 2020.

 65. Kumar A, Weber MH, Gokaslan Z, Wolinsky JP, Schimdt M, Rhines L. Metastatic spinal cord 
compression and steroid treatment: a systemic review. Clin Spine Surg. 2017;30(4):156–63. 
https://doi.org/10.1097/BSD.0000000000000528.

 66. Loblaw A, George KJ, Misra V. Surgical and radiotherapeutic management of malignant extra-
dural spinal cord compression. Clin Oncol (R Coll Radiol) 2020 Nov;32(11):745–752. https://
doi.org/10.1016/j.clon.2020.07.022. Epub 2020 Aug 19.

 67. Lawton AJ, Lee KA, Cheville AL, Ferrone ML, Rades D, Balboni TA et al. Assessment and 
management of patients with metastatic spinal cord compression: a multidisciplinary review. J 
Clin Oncol 2019 Jan 1;37(1):61–71. https://doi.org/10.1200/JCO.2018.78.1211. Epub 2018.

A. Kothekar et al.

https://doi.org/10.1182/blood-2007-10-116582
https://doi.org/10.1038/sj.leu.2401012
https://doi.org/10.1002/jca.21705
https://doi.org/10.1016/j.blre.2012.01.003
https://doi.org/10.1016/j.blre.2012.01.003
https://doi.org/10.1136/bmj.i2539
https://doi.org/10.1056/NEJM199208273270907
https://doi.org/10.21873/anticanres.1817
http://pathways.nice.org.uk/pathways/metastatic-spinal-cord-compression
http://pathways.nice.org.uk/pathways/metastatic-spinal-cord-compression
https://doi.org/10.1097/BSD.0000000000000528
https://doi.org/10.1016/j.clon.2020.07.022
https://doi.org/10.1016/j.clon.2020.07.022
https://doi.org/10.1200/JCO.2018.78.1211


351© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2022
V. Kumar et al. (eds.), Onco-critical Care, 
https://doi.org/10.1007/978-981-16-9929-0_30

S. Arora · A. Gogia (*) 
Department of Medical Oncology, AIIMS, Delhi, India

30Tumour Lysis Syndrome

Shalabh Arora and Ajay Gogia

30.1  Introduction

Tumor lysis syndrome (TLS) is one of the most common oncologic emergencies. It 
is caused by the inability of the body’s homeostatic mechanisms to handle the mas-
sive release of intracellular contents (potassium, phosphate and nucleic acids) from 
disintegrating tumor cells into the blood stream. Catabolism of nucleic acids to uric 
acid leads to urate deposition in renal tubules, resulting in acute kidney injury (AKI) 
and its associated complications. These metabolic disturbances can lead to clinical 
toxic effects including cardiac arrhythmia, seizures, multi organ dysfunction and 
death. This chapter outlines the epidemiology, risk factors, clinical features and 
principles of preventing and managing TLS.

30.2  Epidemiology

While TLS typically develops after the initiation of cytotoxic chemotherapy in 
patients with high grade hematological malignancies like aggressive non-Hodgkin’s 
lymphoma (e.g., Burkitt’s lymphoma) and acute lymphoblastic or myeloid leuke-
mias, it may occur with any tumor type with rapidly proliferating component, large 
tumor burden or high sensitivity to cytotoxic agents [1, 2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_30&domain=pdf
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30.3  Etiopathogenesis

When cytotoxic therapy is initiated for a chemotherapy sensitive malignancy, particu-
larly one with a large disease burden or rapid proliferation, there is rapid cell lysis, with 
release of intracellular contents (nucleic acids, potassium and phosphate) into the 
bloodstream. The nucleic acids are catabolized into hypoxanthine, xanthine and then to 
uric acid by the enzyme xanthine oxidase (Fig. 30.1). Uric acid has a pKa of 5.4–5.7 
and is poorly soluble in water. Under physiological conditions, approximately 500 mg 
of uric acid is excreted by the kidneys daily. With rapid tumor cell lysis, uric acid pre-
cipitates into crystals in the acidic environment of the distal renal tubules and collecting 
system of the kidney. Deposition of urate crystals in the renal tubules leads to acute uric 
acid nephropathy with AKI. When allopurinol is administered for TLS prophylaxis 
and/or management, it blocks the catabolism of hypoxanthine and xanthine, leading to 
an increase in the levels of these metabolites, with the latter being much less soluble 
than uric acid. Additionally, as opposed to uric acid, the solubility of xanthine is not 
enhanced significantly by urinary alkalinization due to a much higher pKa (7.4 versus 
5.8). Thus, patients with rapid tumor lysis who are receiving allopurinol are at risk for 
xanthine precipitation in the tubules, resulting in xanthine nephropathy or xanthine 
stone formation. Rasburicase, on the other hand, has a different downstream mecha-
nism of action from allopurinol, and does not increase xanthine levels in the blood.

Breakdown of cells with release of nucleic acid

Excess purine catabolism (adenosine and guanine)

Hypoxanthine

Xanthine

Uric acid

Allantoin

Xanthine oxidase

Xanthine oxidase

Urate oxidase (absent in humans)

Allopurinol

Allopurinol

Rasburicase

Fig. 30.1 Etiopathogen-
esis of tumour lysis 
syndrome
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Rapid tumor cell lysis also leads to hyperphosphatemia since phosphorus con-
centration in malignant cells is significantly higher than in normal cells. Initially the 
kidneys respond by increased phosphate excretion and reduced tubular reabsorption 
of phosphorus but eventually the increased renal excretion is overwhelmed, and 
serum phosphorus levels rise. This hyperphosphatemia leads to calcium phosphate 
precipitation with secondary hypocalcemia. The risk of calcium phosphate deposi-
tion in renal tubules (nephrocalcinosis) with consequent AKI is particularly high 
when the calcium phosphate product (calcium concentration × phosphate concen-
tration) is more than 60 mg2/dL2. Renal replacement therapy is often needed when 
calcium phosphate product is ≥70 mg2/dL2. Precipitation of calcium phosphate in 
the heart may lead to cardiac arrhythmias. Since the widespread use of hypourice-
mic agents, nephrocalcinosis has replaced hyperuricemia as the major mechanism 
of acute kidney injury in TLS.

Massive release of intracellular potassium may also exceed renal clearance 
capacity and lead to hyperkalemia, which is further accentuated by renal failure. 
This rapid rise in serum potassium leads to cardiac arrhythmias and may be life 
threatening.

30.4  Clinical Features

The clinical features associated with TLS stem from the associated metabolic 
abnormalities (hyperkalemia, hyperphosphatemia, and hypocalcemia). They include 
nausea, vomiting, anorexia, lethargy, hematuria, heart failure, edema, cardiac dys-
rhythmias, seizures, muscle cramps, tetany, syncope, and possible sudden death. 
Though uncommon, acute uric acid or calcium phosphate deposition with renal 
pelvic or ureteral stone formation can lead to flank pain. Urinalysis shows rectangu-
lar or rhomboid uric acid crystals.

Cairo and Bishop proposed a definition for TLS in 2004 along with a grading for 
clinical severity—these are the most widely used criteria to diagnose and classify 
TLS [3]. Laboratory TLS is defined by a 25% change from baseline or levels above 
or below normal for serum values of at least two parameters out of serum uric acid, 
potassium, phosphorus or calcium within 3 days prior and up to 7 days after initiat-
ing therapy (Table 30.1). Clinical TLS is defined by the presence of laboratory TLS 
in addition to one or more of the following that is not attributable to a therapeutic 
agent: increased serum creatinine, cardiac arrhythmia/sudden death or seizure 
(Table 30.2).

Table 30.1 Cairo-Bishop definition of laboratory tumor lysis syndrome

Uric acid ≥8 mg/dL or 25% increase from baseline
Potassium ≥6.0 mmol/L or 25% increase from baseline
Phosphorus ≥2.1 mmol/L (children), ≥1.45 mmol/L (adults) or 25% 

increase from baseline
Calcium ≤7.0 mg/dL or 25% decrease from baseline

Tumor lysis syndrome is defined by the presence of two or more of these criteria

30 Tumour Lysis Syndrome
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30.5  Risk Factors and Predictors of TLS

The most crucial aspect in management of TLS is identification of patients who are 
at high risk of developing it—so that prophylactic measures can be instituted before 
initiation of therapy and any abnormality may be promptly acted upon. Patients with 
one or more of the following factors are at relatively high risk of developing TLS 
and warrant some form of prophylaxis to mitigate the risk:

Patient Related Risk Factors
 (a) Pretreatment hyperuricemia or hyperphosphatemia
 (b) Pre-existing renal dysfunction
 (c) Oliguria and/or acidic urine
 (d) Dehydration or volume depletion

Tumor-Related Risk Factors
 (a) Inherent chemotherapy sensitivity of the tumor
 (b) High proliferation rate—lactate dehydrogenase is a surrogate for tumor 

proliferation
 (c) Large tumor volume as evidenced by large tumor size (>10  cm), white cell 

count > 50,000 per cu mm, organ infiltration, extensive metastases or bone mar-
row involvement

 (d) Renal infiltration or outflow tract obstruction

Patients with aggressive lymphomas and acute leukemias with high cell counts are 
also at risk of spontaneous TLS even without initiation of therapy—these patients 
should be recommended aggressive hydration and considered for TLS prophylactic 
agents even while full diagnostic work-up is underway.

Treatment-Related Risk Factors
 (a) Intensity of anticancer therapy (multidrug regimens)
 (b) Specific targeted agents e.g., venetoclax and obinutuzumab for chronic lym-

phocytic leukemia
 (c) Exposure to nephrotoxins (e.g., concomitant vancomycin or aminoglycosides 

or contrast agents)
 (d) Suboptimal fluid administration during therapy
 (e) Exogenous potassium or phosphorus

Few highly effective targeted anticancer agents have recently entered the treatment 
landscape of certain malignancies, leading to an increase in frequency and severity 
of TLS in conditions that were previously only rarely associated with it. For exam-
ple, venetoclax, a B-cell lymphoma 2 (BCL2) inhibitor initially used in CLL and 
with expanding indications, may lead to TLS in up to 13% of patients [4]. This high 
incidence of TLS in CLL patients with high tumor burden has led to a separate risk 
stratification and TLS prophylaxis system based on largest lymph node diameter 
and absolute lymphocyte count [5]. Similarly, high incidence of TLS has been 
observed with the use of anti-CD20 monoclonal antibody Obinutuzumab, 
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cyclin- dependent kinase inhibitors dinaciclib and alvocidib, and chimeric antigen 
receptor T-cell therapy for lymphoid malignancies.

An expert panel on TLS was convened in 2008 to formulate evidence-based 
guidelines on TLS risk stratification and prophylaxis [6]. After an extensive review 
of all published literature on TLS (spanning almost half a century), the panel pro-
posed a risk stratification system based on the type of tumor, tumor proliferation 
markers, burden of disease, expected response to treatment and renal/electrolyte 
impairment at the time of TLS diagnosis. It must be borne in mind that these criteria 
were arrived upon by expert consensus after review of literature and have not been 
prospectively validated.

30.6  Prevention of Tumor Lysis Syndrome

The management of established TLS is often difficult and resource intensive—
hence all efforts must be made to identify patients at high risk of TLS early and 
institute preventive measures to prevent clinical TLS. There are two main strategies 
to prevent TLS—aggressive intravenous (IV) hydration and hypouricemic agents 
(allopurinol or recombinant urate oxidase). The specific type of prophylaxis depends 
on the risk category as ascertained using factors enumerated in Table 30.3.

 (a) Laboratory monitoring—Individuals at high risk of developing TLS should 
have their serum levels of uric acid, potassium, phosphate, calcium, creatinine 
and lactate dehydrogenase monitored every 4–6 h after initiation of therapy. 
Fluid intake and urine output should also be accurately recorded. Monitoring 
should be continued for approximately 24  h after the last dose of 
chemotherapy.

 (b) IV hydration—The goal of IV hydration is to improve renal perfusion and glo-
merular filtration to ensure high urine flow rate which in turn prevents uric acid 
or calcium phosphate precipitation in renal tubules. The recommended volume 
in adults and children is 2–3 L/m2 body surface area per day with a target urine 
output of 80–100 mL/m2/h [7]. For children weighing less than 10 kg, IV fluids 
should be administered at 200 mL/kg/day, with a target urine output of 4–6 mL/
kg/h. Though guidelines recommend one quarter normal saline/5% dextrose 
solution as the fluid to be used, normal saline may be used interchangeably. 
Potassium, calcium and phosphate should be withheld from IV fluids initially 
due to the potential electrolyte disturbances in patients at risk for TLS.  IV 
hydrations should be continued until tumor burden is resolved, there is no evi-
dence of tumor lysis and the patient is able to maintain sufficient oral hydration.
Patients with pre-existing renal or cardiac dysfunction are at risk of volume 
overload from hyperhydration and must be monitored closely for fluid status 
and urine output—diuretics may be used as required. In patients whose urine 
output remains low despite optimal hydration, a loop diuretic e.g., furosemide 
may be used to ensure a urine flow rate of at least 2 mL/kg/h. Loop diuretics are 
 preferable to other diuretics as they also cause potassium excretion.
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Table 30.3 Risk stratification for development of tumor lysis syndrome

Low risk (TLS 
incidence > 5%)

Intermediate risk (TLS incidence 
1–5%) High risk (TLS incidence <1%)

Most solid tumors Highly chemotherapy-sensitive 
tumors e.g., neuroblastoma, germ 
cell tumor, small cell lung cancer, 
other cancers with bulky and 
advanced stage disease

N/A

Multiple myeloma Plasma cell leukemia N/A
Indolent NHL N/A N/A
Hodgkin lymphoma N/A N/A
CLL and WBC 
<50 × 109/L treated 
only with alkylating 
agents

CLL treated with fludarabine, 
rituximab, or lenalidomide, or 
venetoclax and lymph node ≥5 cm 
or absolute lymphocyte count 
≥25 × 109/L, and/or those with high 
WBC ≥50 × 109/L

CLL treated with venetoclax 
and lymph node ≥10 cm, or 
lymph node ≥5 cm and absolute 
lymphocyte count ≥25 × 109/L 
and elevated baseline uric acid

AML and WBC 
<25 × 109/L and 
LDH <2 × ULN

AML with WBC 25–100 × 109/L or 
AML with WBC <25 × 109/L and 
LDH ≥2 × ULN

AML and WBC ≥100 × 109/L

Adult intermediate 
grade NHL and 
LDH within normal 
limits

Adult T cell leukemia/lymphoma, 
diffuse large B-cell, transformed, 
and mantle cell lymphomas with 
LDH > ULN, non-bulky

Adult T cell leukemia/
lymphoma, diffuse large B-cell, 
transformed, and mantle cell 
lymphomas with bulky disease 
and LDH ≥2 × ULN

Adult ALCL Childhood ALCL stage III/IV N/A
N/A Childhood intermediate grade NHL 

stage III/IV with LDH <2 × ULN
Stage III/IV childhood diffuse 
large B-cell lymphoma with 
LDH ≥2 × ULN

N/A ALL and WBC <100 × 109/L and 
LDH <2 × ULN

Burkitt’s leukemia or Other 
ALL and WBC ≥100 × 109/L 
and/or LDH ≥2 × ULN

N/A Burkitt lymphoma and LDH 
<2 × ULN

Burkitt lymphoma stage III/IV 
and/or LDH ≥2 × ULN

N/A Lymphoblastic lymphoma stage I/II 
and LDH <2 × ULN

Lymphoblastic lymphoma stage 
III/IV and/or LDH ≥2 × ULN

N/A N/A Intermediate risk disease with 
renal dysfunction and/or renal 
involvement or with renal 
dysfunction and/or renal 
involvement

Recommended prophylaxis
Monitoring Monitoring Monitoring
Hydration Hydration Hydration
± Allopurinol Allopurinol Rasburicase

NHL Non-Hodgkin’s lymphoma, CLL chronic lymphocytic leukemia, WBC white blood cells, ALL 
acute lymphoblastic leukemia, AML acute myeloid leukemia, LDH lactate dehydrogenase, ULN 
upper limit of normal, ALCL anaplastic large cell lymphoma

30 Tumour Lysis Syndrome



358

 (c) Urine alkalinization to promote excretion of uric acid is not recommended as 
it is not backed by good quality evidence and may conversely increase the risk 
of calcium phosphate precipitation in the kidney and heart. Also, patients 
receiving rasburicase do not need urinary alkalinization. Sodium bicarbonate 
may, however, be used in cases of metabolic acidosis.

 (d) Hypouricemic agents—Allopurinol is a hypoxanthine analog that competi-
tively inhibits xanthine oxidase, interfering with the metabolism of hypoxan-
thine and xanthine to uric acid (Fig. 30.1). A drawback of allopurinol is that 
inhibition of metabolism of these purine precursors may lead to xanthinuria 
with xanthine crystals being deposited in the renal tubules and worsening of 
AKI. However, it is widely used due to easily availability, low cost and ease of 
oral administration. One major limitation of allopurinol is that it only prevents 
new uric acid formation but has no effect on preexisting serum uric acid. For 
patients with pre-existing hyperuricemia (≥8 mg/dL), rasburicase is the pre-
ferred hypouricemic agent. The recommended dose is 100  mg/m2 every 8  h 
(maximum 800 mg/day) in adults and 10 mg/kg/day in three divided doses for 
children. Treatment with allopurinol is usually started 24–48 h before cytotoxic 
therapy and continued until resolution of laboratory TLS.  In cases of pre- 
existing AKI, the dose must be reduced by half for concerns of accumulation of 
allopurinol and purine metabolites.
Recombinant urate oxidase (rasburicase) is the preferred hypouricemic agent 
for children and adults at high risk for TLS. Urate oxidase is an enzyme present 
in most mammals but not in humans; it promotes the degradation of uric acid to 
the much more water-soluble compound allantoin (Fig. 30.1). Rasburicase is 
well tolerated and highly effective at rapid breakdown of pre-accumulated uric 
acid—in contrast to allopurinol, which only decreases new uric acid formation. 
When compared to allopurinol, rasburicase has demonstrated clear superiority 
in reduction of morbidity and laboratory TLS in both children and adults at high 
risk of TLS. The recommended dose of rasburicase is 0.2 mg/kg/day for high 
risk patients (serum uric acid ≥8 mg/dL) and 0.15 mg/kg/day for intermediate 
risk patients (serum uric acid <8 mg/dL), typically administered once daily for 
5–7 days. However, a single dose of rasburicase 0.05–0.2 mg/kg was found to 
be as effective as prolonged dosing, with major economic benefit, and is prac-
tised at many institutions [8]. Importantly, rasburicase is contraindicated in 
patients with glucose-6-phosphatedehydrogenase (G6PD) deficiency as hydro-
gen peroxide, a breakdown product of uric acid, can cause methemoglobinemia 
and, in severe cases, hemolytic anemia.

30.7  Treatment of Established Tumor Lysis Syndrome

Patients who develop TLS despite prophylactic measures or spontaneously should 
undergo continuous cardiac monitoring and measurement of serum electrolytes, 
uric acid and creatinine every 4–6 h. Management of these cases includes intensive 
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hydration with or without loop diuretics, treatment of specific electrolyte abnor-
malities per standard guidelines and the use of rasburicase if not already initiated.

 (a) Hyperkalemia can cause cardiac dysrhythmias and sudden death. Glucose plus 
insulin or beta-mimetic agents can be used for transcellular potassium shift as a 
temporary measure. Calcium gluconate can be administered to reduce the risk 
of cardiac dysrhythmia. Oral potassium lowering agents e.g., sodium polysty-
rene sulfonate should be used, and renal replacement may be needed in refrac-
tory cases.

 (b) Hyperphosphatemia can be managed with aggressive hydration and phosphate 
binders e.g., sevelamer hydrochloride or lanthanum carbonate.

 (c) Hypocalcemia should be treated only if symptomatic (cardiac arrhythmia or 
tetany), and at the lowest dose needed to relieve symptoms in order to avoid 
calcium phosphate precipitation.

Renal replacement therapy may be needed in cases of electrolyte dysregulation that 
is refractory to medical management—the indications are generally similar to those 
in patients with other causes of AKI.

30.8  Key Points

Tumor lysis syndrome (TLS) is a rare but potentially life-threatening complication 
of highly proliferative or chemotherapy-sensitive cancers—most commonly hema-
tological malignancies. Early identification of risk factors such as type of malig-
nancy, chemotherapy regimen and age, followed by prompt institution of appropriate 
TLS prophylaxis can be life-saving. Vigorous hydration, fluid balance, electrolytes 
and hyperuricemia correction form the cornerstone of managing TLS.
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31.1  Overview

Pediatric oncology is a success story of modern medicine with long term survival of 
children with cancer currently exceeding 80% in most developed countries [1]. 
Much of this success is driven by advances in supportive care. One in three child-
hood cancer patients require critical care support during their treatment [2–4]. The 
outcome of pediatric cancer patients requiring intensive care have improved over 
the years but it still continues to remain modest [5]. There is also a survival gap 
between high income and low-middle income countries, part of which is due to lack 
of timely and proper critical care support. Hence, multi-disciplinary co-ordination 
is necessary to manage sick children with cancer [6].

Children with cancer require critical care either due disease related or due to 
treatment related complications. The common indications for intensive care admis-
sion include respiratory failure (26–58% cases), sepsis/septic shock (8–36%), 
neuro-oncological emergencies (10–31%), renal failure (5–15%) and tumor lysis 
syndrome (5–8%) [2, 6]. The etiological factors are summarized in Table 31.1. The 
management principles of most oncological emergencies remain same for children, 
however, the approach to etiology and certain aspects of management strategies dif-
fer from adults. In this chapter, the commonly encountered pediatric oncological 
scenarios requiring urgent critical care support are described i.e. hyperleukocytosis, 
tumor lysis syndrome (TLS), superior vena cava syndrome/superior mediastinal 
syndrome (SVCS/SMS), neuro-oncological emergency like malignant spinal cord 
compression with special focus on management issues specific to children.
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Table 31.1 Common oncological emergencies in pediatric age group

Scenario Common etiologies
A. Malignancy related complications
1. Hyperleukocytosis •  Acute myeloid leukemia

•  Acute lymphoblastic leukemia
•  Chronic myeloid leukemia

2. Tumor lysis syndrome •  Burkitts lymphoma/leukemia
•  Acute lymphoblasicleukemia
•  Lymphoblastic lymphoma
•  High grade non Hodgkin lymphoma
•  Solid tumors (neuroblastoma, germ cell tumor)

3. Superior vena cava syndrome •  Non-Hodgkin lymphoma
•  Acute lymphoblastic lymphoma / leukemia
•  Neuroblastoma
•  Germ cell tumor

4.  Malignant spinal cord 
compression

•  Non Hodgkin lymphoma
•  Neuroblastoma
•  Rhabdomyosarcoma

5. Raised intracranial pressure •  Leukemic/lymphomatous infiltration of central 
nervous system

•  Intracranial extension of rhabdomyosarcoma, 
neuroblastoma

•  Medulloblastoma
B. Treatment related complications
1. Infectious complications •  Febrile neutropenia
2. Cardiac complications •  Anthracyclines

•  High dose cyclophosphamide
•  Ifosfamide
•  Mediastinal radiation

3. Pulmonary toxicity •  Bleomycin
•  Thoracic radiation
•  Differentiation syndrome (ATRA)
•  Carmustine

4. Hemorrhagic cystitis •  Ifosafmide
•  Cyclophosphamide
•  Busulfan
•  Thiotepa

5. Hepatic dysfunction •  6-Mercaptopurine
•  Methotrexate
•  Actinomycin-D
•  Cytarabine (high dose)
•  Busulfan

6. Renal dysfunction •  Platinum compounds
•  Methotrexate
•  Clofarabine
•  Cyclophosphamide/Ifosfamide

7. Neurological dysfunction •  Ifosfamide (encephalopathy)
•  Methotrexate (high dose)
•  ATRA (Pseudotumor cerebri)
•  Busulfan (seizure)
•  Central venous thrombosis (L-Asparaginase)

8. Pancreatitis •  L-Asparaginase

ATRA All-trans retinoic acid
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31.2  Management of Common Pediatric 
Oncological Emergencies

31.2.1  Hyperleukocytosis

Hyperleukocytosis is defined as peripheral blood leukocyte count exceeding 1 × 105/
μl, however, often symptomatic hyperleukocytosis may be observed even in lower 
counts. Hyperleukocytosis is observed in between 5 and 22% of childhood leuke-
mias. It is more common in hypodiploid or infant/ MLL (mixed lineage leukemia) 
rearrangedacute lymphoblastic leukemia (ALL), and in French American British 
(FAB) subtype M4/5 or FLT3-ITD+(Fms like tyrosine kinase 3-internal tandem 
duplication)acute myeloid leukemia (AML) [7, 8].

Clinical presentation: Hyperleukocytosis is often an incidental finding but 
symptomatic hyperleukocytosis may be observed in patients with counts >2 × 105/
μl in AML and counts >3 × 105/μl in ALL. Lung and central nervous system (CNS) 
are commonly affected. Children may present with altered sensorium, irritability, 
blurred vision, seizures along with respiratory distress and hypoxia. Besides, bleed-
ing manifestations including CNS bleeds, gastrointestinal bleeding, dactylitis, pria-
pism may be observed. Concomitant metabolic derangement due to TLS with/
without renal failure may complicate the presentation [7, 9]. Incidence of symptom-
atic hyperleukocytosis is more common in AML than ALL [10].

The pathophysiology of clinical presentation in hyperleukocytosis is multi- 
factorial. The most common aetiology is due to increase in blood viscosity, which 
contributes to leukostasis with thrombus formation and tissue hypoxia. Myeloblasts 
being larger in size, cause more symptomatic hyperleukocytosis. However, interac-
tion of leukemic blasts with adhesion molecules expressed in endothelium also con-
tributes to leukostasis [11]. Associated disseminated intravascular coagulation 
exacerbates the bleeding manifestations [7].

Management:The management of hyperleukocytosis is directed towards aggres-
sive hydration to cause hemodilution along with supportive care to prevent 
TLS.  With prompt establishment of diagnosis by immunophenotyping, it is also 
important to initiat chemotherapy if the child is stable.

 (a) Fluid management: The recommended fluid remains potassium and calcium 
free N/2 5% dextrose at double the daily maintenance fluid requirement (3 l/m2/
day or 200 ml/kg/day for weight < 10 kg) with goal to maintain urine output 
≥4 ml/kg/hr. for <1 year of age or ≥ 100 ml/m2/hr. for older children. Aggressive 
hydration should be avoided in setting of severe anemia and/or congestive car-
diac failure where 70–100% of daily maintenance may be attempted. Diuretics 
should be primarily avoided unless clinically indicated due to fluid overload/
congestive cardiac failure [7, 9].

 (b) Prevention of TLS: Prevention of TLS is an important component of manage-
ment of hyperleukocytosis and its management is discussed in detail separately. 
All patients should receive allopurinol, rasburicase is added in patients at high 
risk and established TLS along with regular monitoring and management of 
electrolyte abnormalities.
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 (c) Blood product transfusion: Platelet transfusion should be liberal as it does not 
increase blood viscosity. The target should be above 20,000/μl or above 50,000/
μl in presence of coagulopathy to prevent CNS bleed. On the other hand, trans-
fusion of packed red blood cells should be cautious and should be avoided as 
long as hemoglobin (Hb) is in 7–8 g/dl range and in any case, Hb > 10 g/dl 
should be avoided [7]. Monitoring of coagulation parameters are essential and 
correction of any coagulation abnormalities should be done with 10–15 ml/kg 
of fresh frozen plasma [9].

 (d) Definitive treatment: The definite therapy for hyperleukocytosis is to initiate 
chemotherapy as soon as possible. For ALL, after metabolic stabilization and 
hydration, initiation of steroids as per protocol is appropriate. In case of AML, 
as long as there are no contraindications for intensive treatment, it is important 
to promptly start induction therapy with standard/high dose cytarabine with/
without anthracyclines [9, 12].

Hydroxyurea/low dose chemotherapy like cytarabine are commonly used to 
reduce tumor burden before initiation of definite therapy, however, there is lack 
of evidence of any benefit of this approach [13]. It may be restricted only in 
children not suitable for intensive treatment.

 (e) Role of leukapheresis/exchange transfusion: Leukapheresis is highly effec-
tive in reducing peripheral blood TLC burden by 20–50% in a single session. 
However, use of leukapheresis also failed to show any survival benefit and it 
may be restricted to those with symptomatic leukostasis [7, 9, 13, 14].

Exchange transfusion is an option for children with hyperleukocytosis with 
severe anemia. It is more suited for infants and younger children.It is carried out 
with packed red blood cells and plasma (2–3:1), with platelet supplementation 
and a recommended volume of 70–150  mL/kg, with an aim to reduce the 
blastsby at least 50% [9]. Similar to leukapheresis, while it has no demonstrated 
any survival benefit, but it may be considered in symptomatic and anemic 
younger children with leukostasis.

31.2.2  Tumor Lysis Syndrome

Tumor lysis syndrome (TLS) is a syndrome of metabolic derangements occurring 
due to lysis of malignant cells. TLS is often silent and reflected in laboratory values 
alone which is known as “Laboratory TLS”. The exact incidence of laboratory TLS 
is anywhere between 42% in high grade NHL to 70% in acute leukemia, but clini-
cally significant TLS occurs only in about 3% of cases [15].

TLS have been defined classically by Cairo and Bishop [16], which has been 
adopted for children as well [17]. The definition is summarized in Table 31.2. TLS 
is seen commonly after initiation of cytotoxic chemotherapy although spontaneous 
TLS is also seen especially in Burkitt’s lymphoma and ALL [18].

Risk factors: TLS is more likely to occur in tumors with more bulk of disease 
and those with rapid proliferation rate and also in patients with already compro-
mised renal function and deranged electrolytes. While TLS is observed in 
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hematological malignancies, it is also observed in aggressive solid malignancies 
like germ cell tumor, neuroblastoma.

The following risk stratification is commonly used to identify children at higher 
risk of developing TLS [17, 19].

• High risk: Burkitt’s lymphoma, Lymphoblastic lymphoma, ALL with TLC > 105/
μl, AML monoblastic or TLC > 50,000/μl.

• Intermediate risk: ALL with count between 50,000/μl and 105/μl, AML with 
TLC between 20,000 and 50,000/μl

• Low risk: Other solid malignancies.

Pathophysiology and clinical features: Lysis of tumor cells causes release of 
intracellular contents in blood stream like potassium, phosphate as well as purines 
which metabolizes to uric acid [19]. In setting of hyperuricemia and hyperphospha-
temia, there is increased chance of deposition of urate crystals and calcium phos-
phate crystals in renal tubules which may precipitate renal failure. On the other 
hand, hyperkalemia is itself life-threatening due to cardiac arrhythmias.

Clinically, TLS is often asymptomatic or may have non-specific symptoms like 
abdominal pain, anorexia, vomiting, irritability. Presence of electrocardiogram 
changes, tetany/seizure or oligo-anuria are ominous signs of established TLS [17, 
20, 21].

Management:The management strategy of TLS is aimed towards in prevention 
of development of clinical TLS with appropriate prophylactic measure in high-risk 
cases. Definite chemotherapy needs to be delayed or withheld till stabilization to 
prevent exacerbation of the metabolic derangements.

 (a) Fluid management: All patients deemed to be at intermediate/high risk for 
developing TLS should be started aggressive intravenous hydration with potas-
sium and calcium free fluid at double the daily maintenance requirement as 

Table 31.2 Definition of Tumor lysis syndrome (TLS) [16]

Laboratory TLS: Two or more of the following laboratory abnormalities within 3 days before to 
7 days after initiation of chemotherapy
Parameter Value Change from baseline
•  Uric acid >8 mg/dl or above the upper 

limit of normal
Range for age in children

25% increase from baseline

•  Potassium >6.0 mEq/L 25% increase from baseline
•  Phosphate >6.5 mg/dl (for children) 25% increase from baseline
•  Calcium Corrected calcium <7.0 mg/dl or 

ionized calcium <1.12 mmol/l
25% decrease from baseline

Clinical tumor lysis syndrome: Laboratory TLS + any one of the below:
•  Kidney involvement: Increase in creatining by 0.3 mg/dl or value >1.5 times the upper limit 

of the age-appropriate normal range or oliguria (<0.5 ml/kg/hr. for 6 h)
•  Neurological: Seizure
•  Cardiac: Arrhythmia, death
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mentioned above in setting of hyperleukocytosis [17, 19]. Cautious use of 
diuretic may be considered to maintain adequate urine output >2  ml/kg/hr. 
Urine specific gravity should be <1.010. For established TLS, it is prudent to 
initially start with double hydration, however, renal replacement therapy should 
be considered at the earliest.

 (b) Urine alkalinization: Urine alkalinization have been previously used in TLS to 
facilitate dissolution of uric acid, however, it leads to formation of xanthine and 
calcium phosphate crystals. It may further worsen nephropathy. Hence, urine 
alkalinization is not recommended in TLS [20].

 (c) Hyperuricemia: For prophylactic purpose, children with intermediate and 
high risk for TLS should receive allopurinol at dose of 250–300 mg/m2/day (in 
2–3 divided doses). Allopurinol dose should be reduced to 50% in renal impair-
ment [17, 19]. Children at high risk and established TLS should additionally 
receive recombinant urate oxidase (rasburicase) at recommended dose of 
0.1 mg/kg/day for 5 days. Use of a single dose of rasburicase is also an equally 
effective option [22].

 (d) Hyperkalemia: For potassium >6  mEq/l, children should be given regular 
insulin 0.1 IU/kg in 2 ml/kg of 25% dextrose. In presence of electrocardiogram 
changes, intravenous calcium gluconate (10%) 2 ml/kg should be infused over 
20–30  min. Other options include use of potassium binding resins like 
Kayexalate (1 g/kg/dose q6-8h), use of sodium bicarbonate (1–2 mEq/kg intra-
venous infusion over 15–20  min) or salbutamol nebulization. Hyperkalemia 
refractory to above measures should be managed with hemodialysis [20, 21].

 (e) Hyperphosphatemia: Serum phosphate >6.5  mEq/l is considered as hyper-
phosphatemia in children. It is important to ensure double maintenance hydra-
tion. Addition of oral phosphate binders (aluminium hydroxide or sevelamer) 
may be considered. Renal replacement therapy may be needed for refractory 
hyperphosphatemia [23].

 (f) Hypocalcemia: TLS presents with hypocalcemia secondary to hypephosphate-
mia. For asymptomatic hypocalcemia, infusion of calcium is to be avoided to 
prevent calcium phosphate deposition. For symptomatic hypocalcemia or with 
electrocardiographic changes, intravenous infusion of 50–100  mg/kg of cal-
cium gluconate should be done under cardiac monitoring [15].

 (g) Renal replacement therapy: For established TLS and as well as refractory 
metabolic disturbances, renal replacement therapy should be sought at the earli-
est. Peritoneal dialysis is not effective, and it is preferable to do hemodialysis. 
For critically sick children, continuous hemofiltration is also an effective 
option [24].

31.2.3  Superior Vena Cava Syndrome and Superior 
Mediastinal Syndrome

Superior vena cava syndrome (SVCS) is a clinical syndrome caused by obstruction 
of superior vena cava; and the term superior mediastinal syndrome (SMS) is used 
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when tracheal compression also co-exists [25]. SMS commonly co-exists in chil-
dren with SVCS because of smaller chest volume and often these terms are thus 
used interchangeably.

SVCS is infrequently encountered in children; however, oncological cases 
remain one of the predominant etiologies [26]. In pediatric Non-Hodgkin lym-
phoma (NHL), it is seen in up to 6% of children [27]. The common etiologies are 
summarized in Table 31.3. It is also important to consider non-oncological etiolo-
gies in children with cancer because often multiple risk factors co-exist.

Clinical presentation: SVCS presents with predominantly with engorgement of 
veins of face and neck along with facial edema. Venous edema also causes airway 
edema which further exacerbates the airway compromise.

Children typically presents with cough/respiratory distress predominantly 
orthopnea along with lethargy/irritability and even confusion, headache due to cere-
bral edema [25].

Children with more aggressive disease like NHL/ALL are more likely to present 
with symptoms rather than disease like Hodgkin lymphoma where children may 
remain asymptomatic.

Management: SVCS/SMS in children differs from adults in terms of both etiol-
ogy as well as management strategies. The broad aim of management is stabiliza-
tion of the child along with prompt establishment of diagnosis.

 (a) Supportive care: As soon as SVCS/SMS is suspected in a child, it is important 
to keep the child in head elevated position / sitting position to assist venous 
drainage with oxygen support and achieve intravenous access in lower limbs. 
The child must be started on maintenance intravenous fluids at least at 100% 
daily maintenance requirement (1.5 l/m2/day) [25, 27, 28]. The fluid of choice 
is potassium and calcium free N/2 5% dextrose. Fluid rate may be increased to 
two-three times maintenance (3  l/m2/day) in children in whom ALL/NHL is 
suspected along with prophylactic management/monitoring for TLS, as 
described above.

 (b) Avoidance of sedation: Children with SVCS/SMS are at significantly high risk 
of sudden cardio-respiratory failure when administered any sedative/anesthes-
tic agents. All such agents are to be avoided in any child suspected of SVCS/

Table 31.3 Common etiologies of superior vena cava syndrome in children

Oncological Non oncological
•  Non-Hodgkin lymphoma 

(T-lymphobastic lymphoma)
•  Acute lymphoblastic leukemia (T-acute 

lymphoblastic leukemia)
•  Neuroblastoma
•  Hodgkin lymphoma
•  Malignant germ cell tumor
•  Soft tissue sarcoma (Ewing’s sarcoma)
•  Thymic tumors

•  Infective or inflammatory
   (tubercular infection, fungal infection)
•  Congenital cardiac defects especially cyanotic 

heart diseases, post-operative
•  Central venous catheter related
•  Thrombophilia (inherited or acquired)
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SMS [28]. Intubation is also to be avoided unless absolutely necessary as both 
intubation and weaning off ventilator is often difficult in such cases [29].

Investigations which need sedation/anesthesia in children (tissue biopsy, 
bone marrow aspiration/biopsy) should be deferred till symptomatic 
improvement.

 (c) Evaluation: Beside history and general physical examination, it is important to 
obtain an urgent chest radiograph both postero-anterior and lateral view, which 
may demonstrate mediastinal widening along with tracheal compression. 
Complete blood count with peripheral smear, serum biochemistry including 
electrolytes and uric acid, serum lactate dehydrogenase (LDH), alpha fetopro-
tein (AFP), beta-human chorionic gonadotropin (βhCG) should be performed 
immediately. Pleural or pericardial fluid should be tapped for both diagnostic 
and therapeutic purposes. Fluid cytology may be diagnostic in case of NHL 
[28]. Bone marrow aspiration/biopsy may be carried out with local anesthesia 
in older children and may be diagnostic. If NHL is suspected and other investi-
gations are non-contributory, fine needle aspiration from a peripheral lymph 
node may be carried out [25].

 (d) Steroid / cytoreductive therapy: It is important to start steroid therapy as soon 
as SMS/SVCS is suspected [30]. Steroids decrease airway edema and also have 
rapid therapeutic effect on leukemia/lymphoma. Empirical steroid therapy is 
also reasonable. The dose of steroid is 6 mg/m2/day of dexamethasone (divided 
q6-8h) or 5 mg/kg/dose of hydrocortisone q6h. Tissue biopsy should be obtained 
within 48 h of steroid therapy otherwise in a proportion of patients, histopatho-
logical diagnosis will be difficult to establish [31].
Other drugs which may be considered for empirical cytoreduction are cyclo-
phosphamide (200 mg/m2), vincristine (1–1.5 mg/m2) or anthracyclines. These 
may be considered in life-threatening situations where rapid symptom improve-
ment is essential [25, 32].

Definitive therapy should be started after confirmation of diagnosis. It is also 
important to monitor for tumor lysis after initiation of steroids/chemotherapy.

 (e) Radiation therapy: Unlike adults, where radiation therapy plays a significant 
role in management of SVCS, there is no role of radiation therapy in manage-
ment of SVCS/SMS of children [25].

31.2.4  Malignant Spinal Cord Compression

Malignant spinal cord compression is an uncommon neuro-oncological emergency 
in pediatric population occurring between 3 and 5% of children with cancer [33]. 
Often, the recognition is delayed but it is important to institute treatment at the earli-
est to preserve neurological outcome [34].

The common etiologies of malignant spinal cord compression in children is sum-
marized in Table 31.4. Extradural tumors accounts for more than two-thirds of with 
neuroblastoma being the most common etiology [35].
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Clinical presentation: Among children presenting with malignant spinal cord 
compression, it can be presenting feature for a newly diagnosed malignancy for 
about 75% of cases [35]. Motor deficit is the most common presenting feature fol-
lowed by pain and sphincteric dysfunction. Infants and younger children may pres-
ent late because signs are often missed by parents [36]. Contrast enhanced magnetic 
resonance imaging (MRI) of spine is diagnostic for all cases of spinal cord compres-
sion which should be done within 24 h of presentation.

Management: The management of the children presenting with cord compres-
sion should be aimed at instituting therapy immediately along with trying to estab-
lish etiology at the earliest.

While contrast enhanced MRI of spine can be diagnostic for intramedullary as 
well as extramedullary-intradural lesions with good enough certainty, for extradural 
lesions, it is appropriate to go ahead with an image guided biopsy at the earliest 
before instituting steroid therapy. Along with biopsy, investigations like complete 
blood count, peripheral smear, urinary metanephrines, serum LDH, AFP, βhCG and 
bone marrow aspiration/biopsy may be planned to establish diagnosis and for prog-
nostic significance. Other imaging studies like MIBG (metaiodobenzylguanidine) 
scan, bone scan, contrast enhanced computed tomographic (CT) scan of chest 
should be planned as appropriate after stabilization [37].

 (a) Emergency steroid therapy: Steroid therapy should be initiated soon after 
biopsy or at the earliest if immediate biopsy is not feasible. There has been 
considerable variability regarding dose and schedule, although higher dose 
does not necessarily translate to better neurological recovery [38]. However, it 
is reasonable to start with a dose of 0.5–1 mg/kg of dexamethasone (maximum 
of 16 mg) intravenous followed by 0.15 mg/kg (maximum of 4 mg) every 6–8 
hourly (maximum of 16 mg per day) to continue for 3 days and then rapid taper 
of over 2 weeks or as clinically indicated [37, 39].

 (b) Definitive therapy: Along with steroid therapy, it is also important to initiate 
definite therapy according to tumor type. For intramedullary as well as intradu-
ral extramedullary tumors, it is reasonable to go ahead with direct neurosurgical 
intervention with laminectomy for urgent cord decompression as well as obtain-
ing gross tissue for histopathological examination.

Table 31.4 Common etiologies of malignant spinal cord compression in children:

Etiologies of malignant spinal cord compression in children
Extradural Intradural extramedullary Intramedullary
•  Neuroblastoma
•  Ewing’s sarcoma
•  Soft tissue 

sarcoma
•  Lymphoma
•  Metastases

•  Malignant peripheral nerve sheath tumor
•  Atypical teratoid/rhabdoid tumor
•  Medulloblastoma (drop metastases)
•  Rare (choroid plexus carcinoma, intracranial 

germ cell tumor)

•  Ependymoma
•  Pilocytic 

astrocytoma
•  Glioma
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For extramedullary tumors, which are chemotherapy sensitive like neuro-
blastoma/Ewing’s sarcoma/germ cell tumor/lymphoma, instead of surgical 
intervention, it is reasonable to start with definite chemotherapy at the earliest 
[40, 41]. Radiation therapy may also be considered simultaneously if rapid 
resolution with chemotherapy is not anticipated. Surgical intervention should 
be considered in any case where diagnosis is uncertain, and biopsy is difficult 
and time-consuming.

 (c) Supportive care: In malignant spinal cord compression, it is also important to 
manage following aspects as well including spinal stabilization by keeping 
patient in neutral spine position, management of pain by opiates or gabapentin 
for neuropathic pain, management of constipation/urinary retention, monitor-
ing for steroid toxicities, electrolyte abnormalities and also thromboprophy-
laxis for bed bound patients. It is also important to involve physical rehabilitation 
team soon after stabilization for facilitating neurological recovery [39].

31.3  Conclusion

Pediatric critical care support is challenging, and prompt identification and manage-
ment of oncological emergencies is of paramount importance to provide excellence 
in care.

With recent advances in both field of pediatric oncology as well as critical care 
support, application of the evidence-based approach in management of childhood 
oncological emergencies is essential to achieve the best outcome.FundingNone
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32.1  Introduction

One of the main aspects of neurocritical care is to provide intensive monitoring to 
critically ill neurological patients. It requires specially trained personnel with skills 
to identify subtle neurologic changes and worsening status. The prognosis of oncol-
ogy patients admitted to intensive care unit (ICU) is generally considered poor [1]. 
Mortality rate in solid tumour patients admitted to ICU is reportedly upto 50% [2]. 
Over the past few decades, the number of oncology patients admitted to ICU has 
significantly increased owing to improved outcomes. Therefore, identifying patients 
who will benefit from ICU admission and development of disease-specific 
approaches to ICU management is important.

Neuro-oncology patients are different from routine oncology patients in the 
absence of typical risk factors (like tobacco, alcohol etc.) and type of complications 
encountered (seizures, cerebral hemorrhage). They are often in a better general con-
dition with fewer comorbidities compared to general oncological patients.

32.2  Reasons for ICU Admission

Most patients are admitted to ICU with the purpose of providing close neuromoni-
toring. A multidisciplinary team comprising of neurosurgeons, neurologists, neuro-
intensivists and neuroradiologists can provide the best of care. A hybrid model of 
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ICU suits this patient group best, where a neurointensivist provides continuous care 
with the assistance of neurosurgeons and neurologists.

Other reasons for ICU admission among neurological patients are seizures, sep-
tic shock, respiratory failure and hemodynamic instability [3]. The goals of neuro-
critical management are to optimise cardiovascular (maintain cerebral perfusion 
pressure), respiratory (oxygenation, ventilation), metabolic (glycemic control, fluid 
and electrolyte management), infectious (antibiotics) and nutritional status while 
also providing disease specific therapy.

32.3  Neuromonitoring

An important and common reason for admission to the neurocritical care unit is 
close neuromonitoring. It needs specially trained personnel who are well versed 
with various neuromonitoring devices. Multimodality neuromonitoring includes 
intracranial pressure (ICP) monitoring, continuous electroencephalography (EEG), 
jugular venous oximetry, near infrared spectroscopy, brain tissue oxygen tension, 
cerebral microdialysis etc. The challenge is to identify an ideal combination of 
global and regional monitors depending on the clinical situation. A detailed descrip-
tion of each of these techniques is beyond the scope of this chapter.

Depth of coma is assessed by either Glasgow Coma Score (GCS) or Full Outline 
of UnResponsiveness (FOUR) score. The total score in GCS ranges from 3 to 15 
[4]. It has three components: eye opening (E), motor response (M), and verbal 
response (V). GCS does not account for brainstem reflexes, and it does not score 
verbal response in intubated patients. Hence, the FOUR score was developed which 
includes eye opening, motor responses, brainstem reflexes, and respiration [5]. The 
total score ranges from 0 to 16. Neurological examination must also include detailed 
pupillary assessment (size, symmetry, reactivity).

32.4  Systemic Care of Neuro-Oncological Patients

32.4.1  Intracranial Pressure and Cerebral Perfusion 
Pressure (CPP)

ICP is defined as the pressure exerted on the dura mater by contents within the cra-
nial vault. With an intact skull, the sum of the volume of brain, CSF, and intracranial 
blood is constant. Increase in one component results in the displacement of the oth-
ers (Monroe-Kellie hypothesis) [6]. Once compensatory mechanisms are exhausted, 
ICP rises exponentially. This inflection occurs at an ICP value of 20–25 mmHg. For 
treatment purposes, intracranial hypertension is defined as sustained (>5 min) rise 
in ICP above 22 mmHg [7]. Table 32.1 shows common causes of rise in ICP.

CPP is the difference between the mean arterial pressure (MAP) and the mean 
ICP [8].

B. Bindu et al.
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 CPP MAP ICP= –  

Hence, when the ICP increases, CPP decreases. With intact cerebral autoregulation, 
CBF is maintained over a wide range of CPP. Below the lower limit of autoregula-
tion (CPP < 40–60 mmHg) cerebral ischemia occurs, and above the upper limit of 
autoregulation, cerebral hyperaemia, vasogenic edema and hemorrhage might 
occur. CPP values higher than 70 mmHg are avoided because the measures used to 
maintain high arterial pressures like intravenous fluids or inotropes may cause car-
diopulmonary complications [9].

A number of therapies are used to lower ICP, targeting one or more of the intra-
cranial components. Figure 32.1 describes the step-wise management of intracra-
nial hypertension [10, 11]. Table 32.2 discusses important aspects of various ICP 
lowering therapies. Management of raised ICP begins with general management. 
Hyperosmolar agents lower ICP by generating an osmolar gradient across the intact 
blood-brain barrier and promoting movement of water from normal brain paren-
chyma. Mannitol and hypertonic saline are the most commonly used agents [12]. 
Hyperventilation and hypocapnia effectively lower ICP by reducing cerebral blood 
volume through cerebral vasoconstriction [13]. Due to the associated risk of cere-
bral ischemia, hyperventilation must be used only in life-threatening intracranial 
hypertension and PaCO2 must be rapidly normalised once definitive therapy is 
administered [14]. Decompressive craniectomy may be an option in patients with 
cerebral contusions, subdural hematoma, and hemispheric acute ischemic stroke 
and intracranial hemorrhage [15].

32.4.2  Respiratory Care

Neuro-oncological patients often require tracheal intubation and mechanical venti-
lation due to depressed mental status and resulting inability to protect the airway. 
Bulbar weakness and impaired cough reflex are common. Hypoventilation and 
hypercarbia due to impaired consciousness can result in raised ICP. Thus, promptly 
securing the airway is essential to prevent secondary brain injury. Factors that 

Table 32.1 Causes of raised ICP

Mechanism Cause
Focal brain edema Neoplasms, contusion, abscess, ischemic and hemorrhagic stroke
Diffuse brain edema Diffuse head injury, encephalitis, meningitis, metabolic 

encephalopathy, hypoxic ischemic injury
Obstruction of CSF 
circulation

Obstructive HCP, subarachnoid hemorrhage

Obstruction of major 
venous sinuses

Cerebral venous thrombosis

Vascular malformations Arterio-venous malformations
Idiopathic Benign intracranial hypertension

CSF cerebrospinal fluid, HCP hydrocephalus
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determine the need for intubation include level of consciousness, presence of gag 
and cough reflex, swallowing mechanisms, amount of secretions, and how long the 
patient is likely to be neurologically impaired [16]. However, in patients with con-
cerns of futility of therapy, the decision to intubate must be taken cautiously.

Rapid sequence induction is the preferred method for securing the airway in 
patients at risk for elevated ICP. Induction should be performed using agents that are 
less likely to cause hypotension, maintaining MAP between 80 and 100 mmHg and 
preserving CPP >50  mmHg. Etomidate (hemodynamically stable), propofol 
(reduces CMRO2 and ICP, but can cause hypotension), fentanyl and non- 
depolarizing neuromuscular blockers such as rocuronium or vecuronium are com-
monly used agents for induction and intubation. Succinylcholine has rapid onset 

TIER 0  

Head up tilt 15-30 degree  

Sedation, analgesia (opioids like fentanyl)  

CPP 50-70mmHg 

Mild hypocapnia, normothermia  

TIER 1  

Osmotherapy 

Increase sedation 

TIER 2  

Increase sedation (Propofol) 

Decompressive surgical options  

CSF drainage 

Hyperventilation  

Antiseizure  therapy 

TIER 3  

Barbiturate coma 

Therapeutic hypothermia  

Fig. 32.1 Stepwise 
approach to intracranial 
hypertension
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Table 32.2 Salient points of various ICP lowering therapies

Tier 0
(General 
management)

Airway Avoid hypoxia, hypercapnia
Ventilation Avoid hypoventilation

Maintain normocapnia/mild hypocapnia
Circulation Avoid hypotension

Maintain CPP of 50–70 mmHg
Fluids Avoid hypo-osmolar fluids and hyponatremia
Sedation, analgesia Avoid coughing, agitation
Promote cerebral 
venous drainage

Head end elevation by 15–30°, neck in neutral 
position. Avoid tight tracheostomy and endotracheal 
tube ties, properly place cervical collar
Avoid rise in intrathoracic and intra-abdominal 
pressures

Fever Antipyretics and hydrotherapy
Glucocorticoids Benefit in vasogenic edema

Most effective in patients with brain tumors, 
abscesses, demyelinating diseases, and infections

Tier 1 Osmolar therapy Mannitol:
Dose: 0.25–1 g/kg body weight. Maintain serum 
osmolarity <320 mOsm/kg. An osmolar gap of 
20 mmol/dL indicates inadequate clearance of 
mannitol and will increase the risk of rebound rise 
in ICP
Reflection coefficient is 0.9, greater risk of 
accumulating inside brain
Onset of action in 1–5 min, peak action in 40 min, 
duration of action is 90 min–6 h
Adverse effects: Hypotension, rebound increase in 
ICP, volume overload, hypo/hypernatremia, 
hyperkalemia
Hypertonic saline:
Available in concentrations ranging from 3 to 
23.4%
Useful in hypovolemic patients since it remains 
intravascular longer
Reflection coefficient is 1.0, crosses BBB less.
Dose: Bolus of 3%: 2.5–5 mL/kg over 5–20 min, 
5%: 2.5–5 mL/kg over 5–20 min, 7.5%: 1.5–
2.5 mL/kg over 5–20 min, 23.4%: 30 mL over 
10–20 min
Given in continuous infusion
Serum sodium beyond 160 mEq/dL is unlikely to 
provide any further benefit
Preferably given via central line
Needs frequent serum sodium level monitoring
Duration of effect is 90 min–4 h
Adverse effects: Thrombophlebitis, coagulation 
abnormality, hyperchloremic metabolic acidosis

(continued)
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Table 32.2 (continued)

Tier 2
(Decompressive 
surgical options)

Resection of mass 
lesion

Abscess drainage, hematoma evacuation, resection 
of parenchymal contusion and lobar hemorrhage

CSF drainage Done using external ventricular drain (EVD)
Reduces intracranial volume
Useful when ICP elevation is due to ventricular 
obstruction
Continuous drainage may be more beneficial than 
intermittent drainage

Decompressive 
craniectomy

Involves removal of a portion of skull vault
Reduces ICP and ICU stay
Benefit in terms of functional outcome and 
mortality is not clear

Hyperventilation Recommended only as a temporizing measure in 
the setting of refractory hypertension and for brief 
periods (<2 h) in case of acute neurologic 
deterioration
Effect is almost immediate but lasts for only 4–6 h 
after which pH of the CSF rapidly equilibrates to 
the new PaCO2 level
PaCO2 of 30–35 mm Hg must be the target
Prolonged prophylactic hyperventilation to a 
PaCO2 ≤25 mmHg is not recommended as there is 
a risk of cerebral ischemia
Jugular venous oxygen or brain tissue oxygen 
measurements are recommended

Antiseizure therapy Seizure increases cerebral metabolic rate and 
cerebral blood flow with resulting increase in ICP
There is insufficient evidence to recommend 
levetiracetam compared with phenytoin

Tier 3 Barbiturate coma Cause coupled reduction in CBF and CMR, thus 
reducing ICP
Thiopentone:
Loading dose of 5 mg/kg over 30 min followed by 
infusion of 1–5 mg/kg hour until the 
electroencephalogram shows a burst suppression 
pattern. May cause hypotension
Pentobarbital may result in hypotension needing 
vasopressor support
Adverse effects: Hypotension, hypokalemia, 
respiratory depression, infections due to immune 
suppression, hepatic and renal dysfunction

Therapeutic 
hypothermia

No definitive evidence
Hypothermia reduces basal component of cellular 
metabolism along with suppression of electrical 
activity of brain
Moderate hypothermia (target core temperature 
32–34 °C) used
Rewarming should be done slowly to avoid rebound 
severe intracranial hypertension
Adverse effects: Shivering, cardiac arrhythmias, 
electrolyte disturbances, sepsis

CPP cerebral perfusion pressure, ICP intracranial pressure, ICU intensive care unit, PaCO2 partial 
pressure of arterial carbon dioxide, CBF cerebral blood flow, CMR cerebral metabolic rate
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and short duration of action, but, can cause transient rise in ICP, though clinically 
insignificant [17]. Ketamine causes ICP elevations in patients with hydrocephalus 
(HCP). But, in brain injury patients without HCP, it has no effect on cerebral perfu-
sion and neurological outcomes [18]. In patients with raised ICP, care must be taken 
to minimize the duration the head end is lowered for intubation.

Normoxia and normocarbia must be maintained. Hypoxia must be avoided at all 
costs. Airway obstruction, hypoventilation, aspiration pneumonia, atelectasis etc. 
are usual causes of hypoxia. Use of hyperventilation and hypocapnia must be lim-
ited to acute ICP crisis situations only. Choice of ventilator mode is guided by 
PaCO2 values and patient-ventilator synchrony. There is no literature to guide the 
choice of mode of ventilation in these patients. Most commonly, mechanical venti-
lation is started with controlled modes and changed to assisted modes as neurologi-
cal improvement occurs. Lung-protective ventilatory strategy using tidal volumes of 
6–8 mL/kg body weight and plateau pressures below 30 cm H2O are advised [19]. 
Respiratory rate must be guided by the desired PaCO2 level. Fraction of inspired 
oxygen (FiO2) must be adjusted to maintain oxygen saturation of 95–100%. A 
PEEP of 5 cm H2O is commonly used. However, it might increase ICP and reduce 
CPP in patients with impaired cerebral autoregulation [16].

Sedation is often needed for patients on mechanical ventilation. Opioids, benzo-
diazepines and dexmedetomidine in continuous infusion are commonly used [20]. 
Propofol infusion is also commonly used. It has the advantage of decreasing ICP, 
but, may cause hypotension.

32.4.3  Planning Extubation in Post-neurosurgical Patients

Decision to extubate neuro-oncological patients in ICU is sometimes challenging. 
Generally, spontaneous breathing trial (SBT) is attempted in neurocritical patients 
while ensuring an FiO2 < 40–50%, PEEP < 5–8 cmH2O, no neuromuscular block-
ade and absence of raised ICP, status epilepticus, cerebral vasospasm, or active neu-
rologic ischemia [19]. It is also common practice in neurocritical care units to give 
prolonged CPAP trials before extubation, although there is no definitive evidence to 
this [21]. It is presumed that CPAP trials improve respiratory muscles strength and 
functional residual capacity [16]. Impaired consciousness and impaired cough 
reflex are common contributors to failed extubation. Level of consciousness, protec-
tive airway reflexes, amount of secretions and tolerability of SBT, all must be taken 
into consideration while deciding for or against extubation. Neuro-oncological 
patients often have impaired consciousness which alone must not preclude extuba-
tion trial, unlike in other oncological patients [22].

32.4.4  Infection

Common forms of infection in neuro-oncological patients include pneumonia, men-
ingitis and ventriculitis, brain abscess, subdural or epidural empyema, and 
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encephalitis. History of neurosurgery, cerebrospinal fluid (CSF) leakage, recent 
head injury, presence of cranial or extracranial infectious foci like otitis or sinusitis 
and immunocompromised state are the important risk factors for nosocomial intra-
cranial infections [23]. Multidrug-resistant pathogens further complicate the man-
agement of these infections. Timely diagnosis and prompt initiation of appropriate 
antimicrobial therapy is important to improve the outcome.

Pneumonia can contribute to prolonged ICU stay and increased mortality. Good 
oral care, appropriate antibiotics, frequent position change, chest physiotherapy, 
early mobilization and swallowing rehabilitation can help in improving outcomes.

32.4.5  Fluid, Glycemic Control and Electrolytes

The choice of fluid in neurocritical patients remains controversial [24–26]. 
Crystalloids are commonly used in neurocritical patients. Balanced crystalloids 
may be used in patients not at risk of cerebral edema or raised ICP. Hyperchloremic 
metabolic acidosis is a common issue in neurocritical patients. It occurs due to 
extensive use of saline based solutions in these patients and is associated with acute 
kidney injury and increased mortality [27, 28].

After extensive research, it is now accepted that aggressive glycemic control is 
detrimental in these patients. A modest control of 140–180 mg/dL is considered 
appropriate [29].

Sodium is the single most important electrolyte in neurocritical patients. 
Fluctuations in serum sodium levels are both common and detrimental in them. 
While hyponatremia can cause cerebral edema, hypernatremia has been associated 
with acute kidney injury and increased mortality [30]. Brain tumours can cause 
sodium disturbances, more commonly Syndrome of Inappropriate Antidiuretic 
Hormone secretion (SIADH) and hyponatremia. Pituitary adenomas and craniopha-
ryngiomas, especially after resection, can cause Diabetes Insipidus (DI) and 
hypernatremia.

Other common electrolyte disorders are of potassium, magnesium and calcium. 
Specifically, hypokalemia may precipitate arrhythmias, hypomagnesemia and 
hypocalcemia may cause seizures.

32.4.6  Gastrointestinal Care and Nutrition

Enteral nutrition must be initiated early, preferably within 48 h, in neurosurgical 
patients. Early nutrition can prevent hypercatabolism and infection. Early feeding 
has been found to be associated with a significant reduction in mortality rate, poor 
outcome and infectious complications [31]. A number of commercial feeds are 
available for use in neurocritical patients now-a-days. Glucose and electrolyte con-
tents vary among these feeds. The choice of commercial feeds is influenced to some 
extent by patients’ comorbidities and existing electrolyte abnormalities.
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Majority of patients tolerate nasogastric or gastrostomy feeds well. Methods of 
calculating nutritional requirements of neurocritical patients are described in 
Table 32.3 [32]. Figure 32.2 shows one of the commonly used formulae, the Harris 
Benedict Equation, for calculating caloric requirements in critically ill patients [33]. 
Daily nutritional requirements of various electrolytes for adults are also described 
in Table 32.3 [34].

It must be remembered that oncological patients are at high risk of refeeding 
syndrome [35]. Refeeding syndrome is characterised by hypophosphatemia along 
with hypokalemia, hypomagnesemia, thiamine deficiency as well as abnormal 
sodium and fluid balance [36]. It can be prevented by identifying the high risk 
patients and starting feeds slowly along with replacement of electrolytes. 
Commercial multivitamin preparations that contain all vitamins may be added.

Stress ulcer prophylaxis using proton pump inhibitor or H2 receptor blocker is 
often indicated in neurocritical patients. Reasons include long term use of high dose 
steroids in brain tumour patients, mechanical ventilation, raised ICP etc. all of 
which can precipitate stress ulcers.

Table 32.3 Methods of calculating nutritional requirements in neurocritical care

Method Description
Indirect calorimetry •  Considered the accepted standard

•  Based on the principle that energy expenditure can be calculated by 
measuring oxygen consumption & CO2 production

•  Must be done when steady state (stable acid base balance and CO2 
production) is achieved

•  Costly, sensitive equipment required
•  High oxygen requirement, air leak around endotracheal tube cuff or 

through chest tube, fever, shivering, vasoactive drugs impair correct 
measurements

Harris-Benedict 
equation (Fig. 32.2)

•  One of the most commonly used equations
•  It has an additional factor to compensate for elevated energy 

requirement due to injury or stress in hospitalised patients
•  Has 17–67% accuracy

Simplistic formulae •  Calories (Carbohydrates & fats): 25–30 kcal/kg/day
•  Protein:
   0.8–1.2 g/kg actual body weight/day (patients without any additional 

stressors)
   1.0–1.5 g/kg/day (in acute critical illness)
   2–2.5 g/kg ideal body weight/day (in patients with BMI > 30 kg/m2)
•  Potassium: 1–1.2 mEq/kg/day
•  Magnesium: 8–20 mEq/day
•  Calcium: 10–15 mEq/day
•  Phosphate: 20–30 mmol/day

CO2 carbon dioxide, BMI body mass index
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32.4.7  Venous Thrombosis Prophylaxis

The incidence of venous thromboembolism (VTE) in neuro-oncological patients is 
high. VTE prophylaxis is essential, but, must be weighed against the risk of bleed-
ing. While mechanical prophylaxis using compression stockings must be applied to 
all neurocritical patients on admission to ICU, pharmacological prophylaxis with 
low molecular weight heparin must be initiated as early as possible. In postoperative 
patients of brain tumour excision, pharmacological prophylaxis is usually started 
within 24–48 h after surgery, if there is no contraindication.

32.5  End of Life Issues

Sometimes while managing neurocritical patients, a point may be reached when 
continuing treatment no longer offers any benefit, but its withdrawal is likely to lead 
to death. Determining this point of medical futility is extremely difficult and contro-
versial [37]. Goals and treatment options must be clearly discussed with the family 
to ascertain whether or not a treatment holds any value for the patient and family. 
Once futility is established beyond doubt, the issue is of withdrawal or withholding 
of care [38]. In India, the legal provisions on this aspect are not clear, at present. 
Likewise, Do Not Resuscitate orders also are not a documented legal practice in 
India at present time.

HARRIS-BENEDICT EQUATION

Caloric requirements = Harris benedict equation × injury factor × activity factor 

Injury factors: Ranges from 1 to 2 depending upon the severity of illness 

Activity factor: Calculate by adding 1.1 for each °C >37°C 

REE calculation for women (metric)

REE = 655.1 + (9.563 ×  weight in kg) +  

(1.850 × height in cm) − (4.676 × age in   

years)

REE calculation for men (metric)

REE = 66.47 + (13.75 × weight in kg)  

+ (5.003 × height in cm) − (6.755 × age    

in years)

REE (Resting Energy Expenditure

Fig. 32.2 Harris-Benedict equation
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32.6  Predictors of Survival and Prognosis

While mortality rate in cancer patients admitted to ICU is usually close to 50%, that 
in neuro-oncology patients is about 22%. Presence of multi-organ failure, respira-
tory, hemodynamic, hepatic, or renal dysfunction, mechanical ventilation or cate-
cholamine infusion are associated with an increased risk of death in neurocritically 
ill patients. However, tumour type, GCS and disease control status reportedly do not 
influence ICU mortality rate [3]. In an Indian setting, age, diagnosis, GCS, pupillary 
status, serum albumin, and serum sodium were found to be independent predictors 
of survival in a neurosurgical ICU [39].

Several scoring systems have been developed to quantify outcomes of neurocriti-
cal care patients. GCS reportedly has less predictive power than simple acute physi-
ology score II (SAPS II) scoring system in quantifying outcomes [40].

32.7  Key Points

 1. One of the pivotal aspects of critical care management of neuro-oncological 
patients is to provide intensive neuromonitoring.

 2. The goals of management are to maintain normoxia, normocapnia, normoglyce-
mia, normothermia and avoid hypotension.

 3. Early feeding is associated with significant reduction in mortality, poor outcome, 
and infectious complications.

 4. End of life issues continue to be ambiguous to a large extent.
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33Mental Status Dysfunction in ICU 
Postoperative Cognitive Impairment

Jayanta Kumar Mitra, Priyank Tapuria, and Dona Saha

33.1  Introduction

Post-operative mental state changes (ranging from emergence delirium to cognitive 
dysfunction) poses a special challenge to the intensivist. It interferes with both the 
assessment and management of post-surgical patients. Existing evidence suggests 
that post-operative cognitive dysfunction (POCD) primarily affects the elderly pop-
ulation and is inversely related to the patients’ educational status. While individual 
contributions of surgical and anaesthesia-related factors towards the development of 
POCD is still being researched upon, the common understanding of the phenomena 
principally implicates a state of neuro-inflammation precipitated by the surgical 
stress. Also, pre-operative cognitive status is known to be a significant determinant 
of developing POCD. It has serious long-term consequences in the elderly popula-
tion, including prolonged hospital length of stay (LOS), decreased functional inde-
pendence, increased risk of dementia, caregiver burden, healthcare costs, morbidity 
and mortality [1]. In the context of oncological critical care patient subset, multiple 
co-existing factors increase the likelihood of POCD.  Being diagnosed with can-
cer—its personal, economic and social implications, added to the stress of undergo-
ing complex and protracted surgeries—is emotionally taxing. Moreover, though 
malignancies can affect any age group, the primary bulk of cancer patients are 
elderly. These, along with the concerns regarding lifestyle modifications secondary 
to post-surgical atomic alterations (like, facial disfigurement in head and neck 
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cancer, feeding in gastro-oesophageal cancers, bowel diversions in colorectal can-
cers, effects of penectomy and mastectomy on conjugal life) impose immense emo-
tional burden on this patient population. While advancements in medical practices 
have improved the lifespan in onco-surgical patients, the impact of the treatment 
modalities on the neuro-psychological aspects of the cancer survivors have been 
somewhat neglected until recently. With an enhanced focus on improving the qual-
ity of life in onco-surgical patients—pre-operative assessment, prevention, diagno-
sis and treatment of post-operative neuro-cognitive disorders is poised to become 
increasingly important to the practice of oncological critical care.

33.2  Postoperative Delirium in ICU Patients

Perioperative neurocognitive disorder (NCD) is the term used to describe cognitive 
impairment in the preoperative or postoperative period. Cognitive decline diag-
nosed before operation (is called as neurocognitive disorder). Postoperatively it is 
divided according to time frame again; Immediate (Emergence delirium), up to 1 
week (postoperative delirium) and 1–4 weeks (delayed neurocognitive recovery) 
and 1–12 months (postoperative neurocognitive disorder) [2].

Preoperative cognitive impairment is the term used for patients having objectifi-
able cognitive decline before surgery and anesthesia detected in pre-anesthetic 
check-up before elective surgery. It may range from subtle decline as mild MCI 
(Mild Cognitive Impairment) to major (Dementia).

Delirium is the term used for patients having acute onset changes in mental status 
like altered awareness about the environment and decreased attention as described 
in DSM5 criteria for diagnosing delirium. Emergence delirium is a transient state of 
marked irritation and dissociation seen after discontinuation of general anesthesia. 
Postoperative delirium (POD) is the term used for patients fitting in DSM 5 criteria 
but occurring within 1 week of surgery or until discharge. But we need to exclude 
the following

 1. Preoperative drug use, alcohol
 2. Prior history of dementia and delirium
 3. Persistent effect of drugs
 4. Other physiological variables like hypoxia/acidosis/electrolyte imbalance/

infection.

POD and emergence delirium (from anesthesia) are not synonymous. Most patients 
may have completely normal emergence from anesthesia post-procedure. They 
might develop acute fluctuation in mental status after a period of lucid interval i.e. 
in postoperative day 1–3 [3]

Postoperative cognitive dysfunction (POCD) is the term used for patients having 
objectifiable cognitive decline from the baseline starting 1 week post-surgery up to 
1 year [4]. This cognitive decline is quantified using various neuropsychological 
tests usually administered as a test battery (Table 33.1).
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33.2.1  Pathogenesis of POCD in Cancer Patients

Numerous neurotransmitters like norepinephrine, lymphokines, melatonin have 
been implicated in the pathogenesis of POCD. Chemokines can disrupt blood-brain 
barrier in vitro, and suggested to be associated with pathogenesis of delirium. Its 
level has been found to be elevated in early postoperative period in patients who 
develop delirium after surgery. Cancer Surgery induced stress response leads to 
release of neuroendocrine factors and changes related to neuroinflammation, which 
may influence neuronal functioning, increased levels of glucocorticoids such as cor-
tisol and cytokines lead to inflammatory response.

Anesthetic related central nervous system toxicity such as volatile anaesthetic 
induced apoptosis and B amyloid formation lead to cognitive impairment. The dura-
tion of cancer surgery and anaesthesia, intraoperative factors like hypoxia, hyper-
carbia, hypotension, and marked disturbance of homeostasis are risk factors 
resulting in POCD [5]. Many cancer surgeries are extensive and of long duration 
leading to major blood loss resulting in hypotension. In certain cancer surgeries, 
such as lobectomies and pneumonectomies there are increased chances of hypoxia 
and hypercarbia.

Perio
perati

ve 
Neur
ocogn
itive 
disor
der 

(NCD
)

Pre-operative

Mild NCD

Major NCD

Post-operative

Immediate: 
Emergence Delirium

Upto 1 month 

upto 1 week: POD

1- 4 weeks: Delayed  
neurocognitive 

recovery

1-12 months

Mild POCD

Major POCD

>12 months

Mild NCD

Major NCD

Table 33.1 Nomenclature of perioperative neurocognitive disorder in different time period

 Modified from Evered et al. [2]
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33.3  Cognitive Assessment Tools

A cognitive decline is defined as a decline from a previous level of performance in 
one or more cognitive domains (complex attention, executive function, learning, 
and memory, language, perceptual-motor, or social cognition [6]. The various tools 
for assessment of cognitive impairment in cancer surgical patients are as follows:

33.3.1  Mini Mental State Examination (MMSE)

MMSE [7] is a widely used tool for quantifying cognitive deficits. It includes orien-
tation, attention, memory, language, and visual-spatial skills. It has been criticized 
as it takes a long time to complete an assessment.

33.3.2  Short Portable Mental Status Questionnaire (SPMSQ) [8]

It’s a 10-point questionnaire. The questions are- what are the date, month and year; 
What is the day of the week; what is the name of this place; What is your phone 
number; How old are you; when were you born; who is the current president; who 
was the president before him; what was your mother’s maiden name? can you count 
backwards from 20 by 3 s. The scoring is done by number of errors I the response 
0–2 errors is normal mental function; 3–4 errors mild cognitive impairment; 5–7 
errors moderate cognitive impairment; 8 or more errors severe cognitive impairment.

33.3.3  Montreal Cognitive Assessment (MoCA) [9]

It is a 30-point cognitive screening tool requires 10 min to finish. It can be done in 
pre-anesthetic check-up. It is available in 35 different languages. Can be done in 
visually impaired patients.

33.3.4  Clock Drawing Test [10]

It is a test in which the patient is asked to draw a clock and type of clock drawing 
errors are documented to differentiate between several cognitive and neuro psychi-
atric disorders especially dementia. It can demonstrate subtle cognitive deficits 
which are sometimes challenging to identify in routine bedside exams. It also has a 
great educational value for the patient and families.
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33.3.5  Abbreviated Mental Test Score [11]

It is used to rapidly assess elderly patients for possibility of dementia. 10 point 
questionnaire. Each question correctly answered scores 1 point. A score of 6 or less 
suggests delirium or dementia. But further tests are required to conform the 
diagnosis.

33.3.6  Mini-Cog [12]

It is a 3-min cognitive screening tool which combines a clock drawing test with 3 
item recall.

33.3.7  5 Item Recall and Fluency (5-IRF) [13]

It is a 2-min screening tool comprising a 5 item recall and a 1-min verbal fluency for 
animals where the patient is asked to name as many different animals.

Test Description Sensitivity/specificity
MMSE Total of 30 points

•  24–30 = Possible cognitive impairment
•  18–23 = Mild to Moderate cognitive 

impairment
•  <17 = Severe cognitive impairment

In clinical setting:
•  Pooled sensitivity was 79.8% and
•  Specificity was 81.3% [14]

MoCA Total of 30 points
•  Normal score > 26
•  Requires 10 min to complete
•  Points are allocated as: visuospatial and 

executive functioning (5 points), animal 
naming (3 points), attention (6 points), 
language (3 points), abstraction (2 
points), delayed recall (5 points), 
orientation (6 points), education level 
(1 point added if the individual has 12 
years of formal education)

•  Sensitivity is 90% in detecting MCI
•  Specificity of 87% in detecting MCI 

and Dementia [9]

Mini Cog •  3-min screening test
•  Clock drawing task and 3 item recall
•  Dementia is correlated with a recall 

score of regardless of clock drawing 
task or recall score of 1–2 with an 
abnormal clock drawing score

•  Sensitivity of 76% and specificity 
of 73% in detecting dementia [15]

•  Sensitivity of 99% and specificity 
of 93% in detecting dementia when 
compared to the MMSE with 
sensitivity of 91% and specificity of 
92% [16]
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Test Description Sensitivity/specificity
5-IRF •  Screening tool for dementia

•  Requires 2 min to complete
•  Comprises a 5-item address recall (e.g., 

John, Doe, 32, King Street, Louisiana) 
and a 1-min verbal fluency for animals

•  Dementia is correlated with 3 recall 
errors or < 8 animals named

•  At a cut-off score of > 3 recall 
errors and < 8 animals name, the 
sensitivity is 79% and the specificity 
is 98% for detecting dementia [17]

Clock 
Drawing 
Test

•  Most used cognitive screening tools for 
dementia

•  Pooled sensitivity is 82%
•  Specificity is 75.7% using the 

Shulman system

33.4  Indications of Assessment

POD is a common complication following major surgeries and is often associated 
with adverse outcomes. Cancer surgeries are known to be of prolonged duration and 
most patients are elderly with multiple comorbidities, risking them for devel-
oping POD.

Recent studies have been able to identify certain risk factors in patients with dif-
ferent cancers. Incidence of POD is considerable in patients undergoing surgery for 
bone metastases. Risk factors identified were history of psychiatric disorders, pre-
operative serum albumin and CRP levels, and the dose of postoperative opioid anal-
gesics [18].

In Head and neck cancer surgeries, age>70 years, Male gender, history of hyper-
tension, long duration of surgery including neck dissection and flap reconstruction, 
need for blood transfusion, and ASA > 3 were all singled out as risk factors for 
POD [19].

Similarly POD was linked to Colorectal cancer group who are old age, with prior 
history of dementia, developing surgical site infection, operative approach open ver-
sus laparoscopic, poor nutritional status and encephalopathy [20].

The development of POCD is preventable in 30–40% of cases [21]. However 
after development of POCD, any intervention has not been so beneficial as they 
have been shown to be of little effect on severity, duration and recurrence [22]. This 
emphasizes the importance of primary prevention by risk factor assessment. Once 
the high risk groups are picked up, cognitive tools are applied to them for the fol-
lowing reasons: (1) screening for cognitive impairment; (2) differential diagnosis of 
cause; (3) rating of severity of disorder, or monitoring disease progression.

33.5  Interpreting Results

There are four areas of concern; these are how to analyse and interpret the results 
from the scales, timing when these scales are to be used, number of times the patient 
to be assessed and the whether to exclude patients with pre-existing mild cognitive 
impairment (MCI)
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Among the different testing batteries available, how to analyse them, and deter-
mining how much dysfunction is clinically significant remains a matter of debate. 
There are three methods of analysing these results from the different assess-
ment tools.

 (a) Percentage change method:
Postoperative score – Preoperative score/Preoperative score

Averaging across groups should not be done because while some patients 
will decline, others improve over time and this difference can be masked.

 (b) Standard deviation (SD) method: number of SD outside of which it is a decline. 
In patients who have low baseline score may give flawed result which is called 
as floor effect. Standard interpretation is ±2 SD from the preoperative values as 
either improvement or decline.

 (c) Percent change method i.e., a decline of 20% from baseline. But patients with 
low scores to start with may require even smaller percentage change to be diag-
nosed with POCD.

The timing of test is important. Debate is still on over the optimal timing of periop-
erative cognitive testing [23]. Preoperative test scores can be affected at the morning 
of procedure due to preprocedural anxiety, therefore testing on the day of surgery 
should ideally be avoided and potential solutions when and where should the patient 
be tested preoperative includes:

• Memory Clinics: linked to surgical specialties concerned
• Primary Care Surgery Clinics: led by nurse
• Separate assessments when surgical decision is confirmed and patient is sent for 

a Pre anesthetic assessment

For postoperative scoring optimal postoperative cognitive testing has been sug-
gested 1–3 months post procedure [24]. There are fallacies of both too early and late 
testing. Immediately after operation, patients who are tested can score worse than 
those who are tested weeks to months later possibly due to pain, residual drugs, and 
effect of acute medications. Similarly, long-term testing is confounded by loss to 
follow up, especially patients who experience the greatest decline are most likely to 
attrition. This may lead to significantly underestimation of the true incidence of 
POCD. The patients who have cancer have lower baseline assessment scores and 
post-surgery they tend to decline even further which may not be interpreted at first 
but with regular follow-ups its been seen that the incidence of POCD is even higher.

A patient assessed at a single point in time both preoperative and postoperative 
may give suboptimal result as he or she may be in many different cognitive trajec-
tories. So, following the cognitive trend on a case-to-case basis is more reliable than 
a single point assessment. There is compelling evidence that patients who have 
declining trajectories before surgery, such as those who have mild cognitive impair-
ment (MCI) or early dementia, are more likely to decline cognitively after surgery 
[25, 26]. While choosing patients for POCD assessment, care should be given not to 
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exclude MCI patients like Alzheimer’s disease, cerebral vascular disease and 
patients with dementia. All of these conditions are a significant risk factor of POCD 
by virtue of their pre-existing low cognitive reserve.

33.6  Management of Cognitive Dysfunction

To date, there are no specific treatments available for POCD, but the condition is of 
concern to elderly oncological patients, and it is important that anesthetists and 
surgeons consider ways to reduce its incidence and engage in a discussion of the 
risks with patients preoperatively.

33.6.1  Risk Factors

Preoperative Intraoperative Postoperative
Age > 70 years Severe bleeding > 1000 ml Severe pain
History of alcohol / illicit 
drug abuse

Intraoperative tight glucose 
control

Benzodiazepines, 
anticholinergics

Electrolyte imbalance Bispectral index too low or too 
high

Delayed ambulation

Prior NCD Intraoperative hypotension or 
hypocapnia

Malnutrition

Alzheimer's disease

Special concerns in oncosurgical patients:

 (a) Chronically malnourished
 (b) Immunosuppressed
 (c) Pre-existing comorbidities
 (d) Low-level education
 (e) Psychological factors—stress, anxiety after diagnosis
 (f) Long operative duration with more blood loss and fluid shifts with consequent 

episodes of hypotension.
 (g) Use of inotropes and vasopressors.
 (h) Protracted ICU course
 (i) Delay in initiating nutrition in surgeries involving gastrointestinal tract.
 (j) Refeeding syndrome
 (k) Chemotherapy, Radiotherapy and Hormone Therapy

At present a multidisciplinary care bundle approach to risk factor stratification 
and reduction is the most attractive management plan based on evidence of slight 
benefit from individual treatment.
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33.6.1.1  Preoperative Management
 1. Address psychological issues before taking up for surgery to reduce stress, anxi-

ety, and depression on diagnosis of cancer.
 2. To get a test battery including inventories commonly used to detect dementia 

and/or mild cognitive dysfunction prior to surgery. Which can be repeated at 
regular intervals post procedure as well.

 3. Perioperative cognitive training.

33.6.1.2  Intraoperative Management
 1. It is not clear whether maintenance with propofol-based total intravenous anes-

thesia (TIVA) or with inhalational agents affect incidences of postoperative 
delirium, mortality, or length of hospital stay. Low certainty evidence found that 
maintenance with propofol-based TIVA may reduce POCD [27].

 2. No difference was found in the incidence of POCD with use of xenon or sevoflu-
rane in elderly patients [28]. Although there are no studies done in oncosurgical 
patients so far.

 3. Moderate-quality evidence suggest that optimized anesthesia guided by pro-
cessed electroencephalographic (EEG) indices could reduce the risk of postop-
erative delirium in patients aged 60 years or over undergoing non-cardiac 
surgical and non-neurosurgical procedures. There are no data available for 
patients under 60 year [29].

 4. Opioids and associated disturbances of calcium, sodium, and glucose homeosta-
sis has been shown to cause post-operative cognitive dysfunction in elderly 
patients [30] so it is safe to assume that the same can be seen in onco-surgical 
patients as well although the evidence is scarce in this.

 5. Multimodal interventions such as judicious use of regional anesthesia, use of 
antipsychotics, Bispectral index guided anesthesia and use of dexmedetomidine 
have shown to reduce the incidence of POCD [13].

33.6.1.3  Postoperative Management
 1. Good postoperative pain management using multimodal analgesia.
 2. Avoid postoperative benzodiazepine use.
 3. There are no gold standard tests to measure cognitive function, but the combina-

tion of tests would help in diagnosis of cognitive impairment and to strategize 
for prevention of further impairment that would benefit in the overall outcome of 
patient.

 4. Early recovery after surgery (ERAS) protocols are evidence based models that 
have been adopted in various surgical subspecialities. It has been shown to 
enhance recovery, shorten hospital stay, and reduce morbidity, and may be effec-
tive in preventing POCD [31].
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33.7  Key Points

• POCD is a very well-known and disabling complication of cancer surgery. So it 
is beneficial to perform a serial cognitive assessment and categorize these patients 
according to correct nomenclature.

• Assessment of cognitive impairment in the preoperative setting includes a good 
detailed history and a formal evaluation using screening tools.

• The MMSE, MoCA, Mini-Cog, 5-IRF, clock drawing test, etc. are simple screen-
ing tools that can be utilized by all healthcare professionals at the bedside with 
acceptable sensitivity and specificity rates.

• Educating and training all levels of healthcare providers is of utmost importance 
as many patients’ POD goes unrecognized by healthcare professionals.

• A multi-disciplinary approach with efforts to identify risk factors from preopera-
tive setting is the key to management.

• Preventive measures against the development of POCD is the best strategy, fol-
lowed by early recognition and management of perioperative symptoms.
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34.1  Introduction

Brain tumors are amongst the most dreaded of all forms of cancer. The duration and 
requirements of intensive care unit (ICU) management for neurosurgical patients 
after brain tumor resection are unclear. A general consensus is that all patients 
should be observed closely in an acute care setting for at least 12–24 hours after 
brain tumor resection surgery [1]. Postoperative intensive care aids prevent delay in 
detecting life-threatening complications, facilitation of early intervention, and rees-
tablishment of homeostasis to hasten recovery. An uneventful and successful tumor 
surgery may have a bad outcome if the postoperative ICU management is inade-
quate. Even after the established importance of postoperative ICU management, 
certain sections of expertise have questioned the role of such a mandatory provision. 
Postoperative ICU stays after cardiac surgery have been challenged for years. 
Advanced intraoperative/anesthetic management led to early extubation and shift-
ing of patients to step-down units; it helped reduce the burden in the conditions of 
limited resources and improve patient satisfaction [2]. Similar postoperative man-
agement has been applied in a certain group of neurosurgical patients, particularly 
for low-grade tumor surgeries with an uneventful intraoperative course, and it has 
shown some benefit.

Despite advancements in neurosurgery, neuroanesthesia, neuro-oncology, and 
neurointensive care, the morbidity and mortality due to intracranial neoplasms still 
remain high. Furthermore, clear-cut guidelines regarding postoperative manage-
ment after brain tumor surgery is lacking [3]. This chapter discusses the common 
postoperative complications among neuro-oncological patients and their ICU man-
agement based on the current practices.
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34.2  Postoperative Neurointensive Care

Every patient undergoing neurosurgical intervention is admitted to the neuro-ICU 
(NICU) as part of our conventional practice [4]. A dedicated NICU is preferable as 
it is safer than the non-specialized ICU [5], and thence, a patient with indications for 
intensive care after brain tumor resection is usually admitted to the NICU.

The concept of whether or not every patient after elective neurosurgery required 
admission to the NICU started emerging due to the reduction in practices of pro-
longed postoperative mechanical ventilation and sedation. Following an uneventful 
intraoperative course and if extubated early, many patients may be transferred to the 
wards if they remain stable after several hours of observation. This idea of early 
patient discharge from the NICU also has economic benefits. Advanced age, high- 
risk anesthetic and surgery, prolonged surgery, extensive blood loss, and other major 
intraoperative complications are significant factors, which should be considered for 
patient admission to the NICU [6]. Patients with infratentorial tumor resection are 
preferably admitted and monitored in the NICU [6].

The importance of balancing between the advantages of a brief stay in the NICU 
and patient safety cannot be emphasized more. The concept of the creation of a 
recovery room became the reality to arbitrate between the two [7]. NICU admission 
is required if the patient does not become fully awake at the end of the surgery and 
cannot be extubated safely in the recovery room.

Neuro-oncology patients who are stable and without further postoperative dete-
rioration can be safely managed in the recovery room. They may be transferred 
directly to the ward; their postoperative management is beyond the scope of this 
chapter. The management of patients with anticipated complications in the postop-
erative period requiring NICU admission is elaborated in this chapter.

34.3  Brain Tumor Types

There are more than 150 different types of documented brain tumors, but the two 
main groups are termed primary and metastatic. Tumors that originate from the tis-
sues of the brain or its immediate surroundings are included in primary brain tumors. 
They are further classified as glial or non-glial (developed from blood vessels, 
nerves etc.) and benign or malignant. World Health Organization (WHO) classifies 
primary brain tumors based on histopathologic criteria and immunohistochemical 
data (Table 34.1). The incidence of tumors in CNS (both malignant and nonmalig-
nant) is 28.57 per 100,000 population (Table 34.1). Metastatic brain tumors arise 
from sites other than the brain (such as the liver, lungs) and reach the brain, usually 
through the hematogenous route. Metastatic tumors are considered malig-
nant tumors.

Postoperative neurosurgical care after tumor surgery aims to prevent or minimize 
complications related to anesthesia and surgery. Careful and serial neurological 
assessments by trained staff and management of systemic complications are the 
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Table 34.1 Brain tumors: types, incidence, diagnosis, and management [8]

Classification
Incidence 
(%) Diagnosis Management

Total: 28.57%
Tumor of Meninges (7.88%)
Meningioma 7.61

F:M 2:1
CT/MRI Preoperative embolization 

followed by surgical excision 
with or without radiotherapy 
(RT)

Mesenchymal Tumors 0.08 Imaging with 
Histopathology

Surgical resection

Primary 
Melanocytomas

0.01 MRI with 
Histopathology

Surgical resection

Other Neoplasm 0.18 MRI /
histopathology

Surgical or palliative

Tumors of Neuro-epithelium (6.61%)
Glioblastoma 3.19

M > F
CT/MRI Maximal surgical resection with 

chemoradiotherapy
Diffuse Astrocytoma 0.55

M:F 1:1
CT/MRI surgical resection with adjuvant 

TMZ based CT (24 cycles) with 
RT

Glioma 0.46 M:F 
1:1

CT/MRI Surgical resection

Ependymal Tumors 0.42 Histopathology Surgery with local RT
Anaplastic Astrocytoma 0.37

M:F 2:1
CT/MRI Surgery followed by EBRT with 

adjuvant TMZ (42 cycles) or 
PCV

Pilocytic Astrocytoma 0.34
M:F 
1.18:1

CT/MRI Surgery alone or EBRT or 
conservative if surgery not 
possible

Neuoronal-Glial Tumor 0.28 MRI with 
Histopathology

Surgical resection

Embryonal Tumor 
(Medulloblastoma)

0.26
M:F 1.5:1

Histopathology and 
molecular analysis

Surgical resection with 
craniospinal irradiation and CT

Oligodendroglioma 0.2 M > F Molecular analysis 
(IDH 1,2 
mutation), OG 
NOS

Surgery or RT and adjuvant 
TMZ/PCV CT

Anaplastic 
Oligodendroma

0.11 MRI/MRS with 
OG NOS

Surgery with RT and adjuvant 
TMZ/PCV CT Anti VEGF 
(Bevacizumab)

Choroid Plexus Tumor 0.05, 
infants

MRI (frond-like 
lobulated IV mass)

Surgery/ stereotactic 
radiosurgery

Pineal Tumors 0.04
M < F

MRI (gold 
standard)
Tumor markers 
(b-HCG, AFP)

Endoscopic third 
ventriculostomy (ETV) using 
ETV Score, Surgical resection, 
RT (Germinoma), RT-CT (all 
pineal tumor except 
pineocytoma)

(continued)
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cornerstone of ICU care that can help minimize grave neurological sequel. Patients 
who are expected to require NICU care after elective or emergent tumor surgery 
include:

• Supra- and infratentorial craniotomy for tumor
• Craniofacial and transsphenoidal surgery
• Patients with serious medical comorbidities, elderly, or with unfavorable intraop-

erative course

The key elements for successful management of these patients are:

• Vigilance and early detection of surgical complications (stroke, seizures, and 
bleeding)

• Timely emergence and recovery from anesthesia
• Assessment of impaired consciousness
• Restoring and maintaining normal body temperature and prevention of shivering
• Pain management
• Management of postoperative nausea and vomiting (PONV)
• Prophylaxis for DVT and GI bleeding

Table 34.1 (continued)

Classification
Incidence 
(%) Diagnosis Management

Tumor of Sellar Region (3.47%)
Pituitary Tumor 3.29 Gad MRI with 

hormonal assay 
(TFT, GH, ACTH 
etc)

Transnasal transsphenoidal 
(TNTS) resection, with hormonal 
therapy

Craniopharyngioma 0.18
M = F

MRI Surgery (TNTS or transcranial 
approach), EBRT, intra-cystic 
therapy (bleomycin, IFN α)

Tumor of Cranial Nerve and Spine (1.70%)
Nerve Sheath Tumor 
(Schwannomma, 
Neurofibroma etc)

1.70 MRI, clinical signs, 
histopathology

Conservative (Neurofibromas), 
Surgery, Stereotactic 
Radiosurgery

Lymphomas (M/C 
Dlbcl)

0.46
M > F

MRI, PET, B cell, 
plasma cell 
markers

Whole-brain RT with high dose 
methotrexate (HD-MTX), 
myeloablative therapy etc

Germ Cell Tumors 0.10 MRI with tumor 
markers

Multimodal approach

Unclassified 0.19 Multimodal approach

CT Computed tomography, MRI magnetic resonance imaging, M male, F female, PET positron 
emission tomography
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34.4  Epidemiology

It is estimated that up to half of all post-neurosurgical patients will experience com-
plications in their perioperative course. Ten percent (10%) of these complications 
are consequential and attract significant morbidity and mortality. The mortality rate 
for elective supratentorial tumor surgery and posterior fossa surgery are 1–7% and 
2%, respectively. Transsphenoidal surgery has a perioperative mortality rate of 1%. 
However, most of the complications in neurosurgical patients are due to pain (80%), 
PONV (50%), and shivering (30%).

34.5  Complications

Intracranial hemorrhage (ICH) is one of the most serious complications and is seen 
in 1–3% of neurosurgical patients with mortality and morbidity of approximately 
30% and 50%, respectively. ICH is independently linked with perioperative hyper-
tension, coagulopathy, thrombocytopenia (<100,000/mm3), high-grade vascular 
tumors, and emergent surgery. Tumors like high-grade astrocytoma, midline menin-
gioma, and metastatic tumors may present with early postoperative seizures 
(10–20%). Prophylactic anticonvulsant administration is expected to reduce the 
incidence of early postoperative seizures by 30–50% but does not reduce the likeli-
hood of developing late epilepsy.

CSF leaks occur in 2–5% of trans-sphenoidal surgeries; however, this is further 
lowered in procedures performed in the hands of experienced surgeons. Risk factors 
for leaks include preoperative radiation treatment, repeat procedures, large size 
tumors, and advanced age.

Complications following brain tumor surgery can be broadly distinguished 
according to the location of the tumor, which may be divided into three broad 
categories.

34.5.1  Intracerebral Hemispheric, and Convexity Tumors

Glioma, brain metastasis, and convexity meningioma are the most common types of 
brain tumors located in the cerebral hemispheres, although other types of primary or 
metastatic brain tumors may present in that location. The usual postoperative com-
plications include new neurologic deficits (NNDs) and seizures [9].

34.5.1.1  Postoperative Neurologic Deficits
The NNDs in patients with intracerebral hemispheric and convexity tumors may 
include delayed awakening, hemiparesis, and aphasia. The diagnosis of NND 
should be made as early as possible. Hence, an awake patient at the end of the 
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surgery is always preferred unless indicated otherwise, and prolonged postoperative 
sedation is contraindicated in patients with brain tumors. The occurrence of NND is 
an indication of an emergency computed tomography (CT) of the brain. Some of the 
common causes of NNDs are direct surgical damage of the brain tissue, ischemia 
(due to retraction, vessel handling, etc.), ICH, or peritumoral edema.

34.5.1.2  Direct Surgical Damage of the Brain Tissue
Direct surgical damage of the brain tissue that is functionally active and near elo-
quent areas lead to neuro deficits such as hemiparesis or aphasia. Emergency CT 
reveals a postoperative defect in the resected tumor bed which is almost indistin-
guishable from peritumoral edema. Magnetic resonance imaging (MRI) discrimi-
nates between the direct surgical damage of the neural tissue and ischemic changes 
due to microcirculation disturbance. Although postoperative ischemia most likely 
results in motor NNDs, both direct surgical injury of the brain tissue and microcir-
culation disturbances may also be present, and differentiation between them does 
not alter the critical care management of the condition. The patient can be safely 
extubated once the damage becomes irreversible and documented, and measures 
established to prevent associated secondary injuries and discharged to the neurosur-
gical ward. Active rehabilitation may lead to improved functional outcomes in these 
patients [10].

34.5.1.3  Brain Ischemia
Intraoperative damage of perforating arteries, arteries of the circle of Willis, deep 
veins, venous sinuses, and paradoxical air embolism (PAE) produce brain ischemia 
resulting in severe deficits like an acute ischemic stroke compared to impaired 
microcirculation alone. The presence of postoperative NND combined with the 
intraoperative information about surgical damage of the arteries helps to conclude 
the etiology of the ischemia even if the postoperative CT does not reveal any abnor-
mality, thereby preventing any delay in the intensive care management may result in 
irreversible brain damage.

Immediately after the resection of brain tumors, specific implications are deter-
mined by the peculiar patients’ characteristics. Blood pressure (BP) should be mon-
itored continuously; mean BP (MBP) is the preferred monitoring endpoint as it is 
used for the calculation of cerebral perfusion pressure (CPP) which is the difference 
between MBP and intracranial pressure (ICP). The MBP should be maintained 
above 75 mmHg in adult patients during the first three postoperative days. During 
the first six postoperative hours, arterial hypertension must be prevented, as it may 
cause ICH [11]. A safe level for MBP seems to be 90–100 mmHg, considering other 
clinical conditions; however, there is no evidence to support this.

The administration of anticoagulants and antiplatelet agents is another area of 
concern, both being contraindicated up to 48  h after the intracranial surgery. 
Antiplatelet agents are avoided during the whole duration of the early postoperative 
period in neurosurgical patients [12]. LMWH may be initiated 48 h after the surgery 
in the prophylactic dose, as these patients with brain tumors are at high risk for 
development of venous thromboembolism [12].
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In cases of severe ischemia with malignant cerebral edema, midline shift, and 
impending herniation, the step-wise protocol of basic principles of intracranial 
hypertension management should be followed.

34.5.1.4  Cerebral Venous Infarction
Cerebral venous infarction due to the perioperative obstruction of deep veins or 
venous sinuses is a less prevalent complication in patients with a brain tumor. CT 
reveals cerebral edema in the absence of secondary hemorrhage into the ischemic 
zone. The ensuing intracranial hypertension is resistant mainly to first-line therapy, 
and therapeutic hypothermia, decompressive craniotomy, or both may have to be 
instituted to control refractory intracranial hypertension.

34.5.1.5  Paradoxical Air Embolism (PAE)
Paradoxical air embolism (PAE) is an infrequent adverse event, and only a quick 
and meticulous therapeutic strategy can ameliorate the patient’s outcome. Venous 
air embolism (VAE), an intraoperative complication, usually has a conducive out-
come if the air does not pass into the systemic circulation through the pulmonary 
vasculature [8]. The two main sources of PAE are patent foramen ovale (PFO) 
which may occur in almost 25% of adults, and the trans-pulmonary air passage via 
bronchial arterial anastomoses when volume exceeds 50 ml per minute. Massive 
cerebral air embolism due to obstruction of cerebral arteries by the air bubbles leads 
to diffuse cerebral ischemia resulting in postoperative NND. The development of 
CT signs of ischemia is a time-dependent process; hence, an immediate postopera-
tive CT may miss these changes. Only hyperbaric oxygenation and hypothermia are 
the two effective treatment modalities available and should be initiated as early as 
possible, failing which there may be irreversible ischemic brain damage, severe 
resistant NND, and poor outcomes result. Therefore, a high index of suspicion 
based on thorough analysis of the clinical picture, the surgical procedure, and the 
anaesthesiologist report may help in early diagnosis; and prompt treatment 
should follow.

34.5.1.6  Intracranial Hemorrhage
Epidural and subdural hematomas, hemorrhage into the operative cavity, or remote 
site intracerebral hemorrhage are diagnosed with an emergent CT as early as pos-
sible when suspected or in the routine postoperative imaging. The occurrence of the 
ICH is an indication for re-exploration and hematoma evacuation, except if the vol-
ume of the operative cavity hematoma is lesser than the resected tumor and peritu-
moral edema is not as large as compared to the preoperative state.

34.5.1.7  Peritumoral Brain Edema
Meningioma and malignant brain tumors (glioblastoma, metastasis) are notorious 
for developing severe post-resection edema [9]. Postoperative NND or intracranial 
hypertension usually does not occur with peritumoral edema due to the inner 
decompression due to tumor resection and the use of steroids (dexamethasone), 
which is effective in reducing the vasogenic edema associated with malignant 
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tumors [13]. Use of proton pump inhibitors and blood glucose control is mandatory 
with dexamethasone.

Edema associated with brain tumors is vasogenic in nature due to a predominant 
disturbance at the level of the microvasculature. A pro-angiogenic peptide vascular 
endothelial growth factor (VEGF) is proposed to be partially responsible for the 
disruption of the BBB in brain tumors by stimulating the formation of endothelial 
gaps, which are associated with degeneration of the basement membrane leading to 
fluid leakage into brain parenchyma resulting in cerebral edema. It occurs especially 
in high VEGF-secreting tumors like gliomas, meningiomas, as well as metastatic 
tumors. They occur mostly in the region of low resistance (white matter).

They may present with features of raised ICP and seizures. They may often cause 
brain herniations (subfalcine, tonsillar, uncal, etc.) due to mass effects, which may 
lead to hemiplegia, pinpoint pupils, and cardiorespiratory dysfunction. Vomiting 
may be a prominent sign due to raised ICP. Various imaging views of MRI and 
contrast-enhanced CT are generally used for diagnosing vasogenic cerebral edema.

Treatment of Cerebral Edema
Although surgical management remains the mainstay of treatment for cerebral 
edema, critical care management has a significant role in acute settings. Therefore, 
the treatment measures for elevated ICP comprise general measures, medical inter-
ventions, and surgical interventions.

General Measures
• Positioning goals: The patient should be positioned with the head slightly ele-

vated up to 30° with neck neutral to free jugular veins. It has been seen that head 
elevation decreases cerebrospinal fluid (CSF) pressure resulting in a 
decrease in ICP.

• Hemodynamic goals: Primary goal should be to maintain euvolemia, with care-
ful monitoring of fluid balance and avoidance of hypotonic fluids. Cerebral per-
fusion pressure of more than 60 mmHg should be maintained. Vasopressors may 
be used in case of global autoregulatory failure to maintain CPP. Vasodilators 
should be avoided in case of hypertension.

• Ventilatory goals: Hypoxia and hypercarbia are potential vasodilators that can 
lead to raised ICP. Optimal normocapnia of 35–40 mmHg with a low threshold 
for intubation should always be considered. In intubated patients, proper ventila-
tor management can enhance neurological recovery [14].

• Temperature: Fever can be detrimental in outcome following brain injury [15]. 
In general, normothermia should be the primary goal to achieve.

Medical Interventions
• Anticonvulsants: Seizures may threaten the airway and can cause hypercarbia 

leading to raised ICP with cerebral edema. Serial monitoring of electrolytes, 
blood sugar, and blood gas should be initiated in cases of seizures. The effective-
ness of seizure prophylaxis following surgery is unclear [16]. Newer generation 
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antiepileptic drugs such as levetiracetam may be used as prophylaxis following 
brain tumor surgery [17].

• Osmotic therapy: 20% mannitol at a dose of 0.5 to 1.5 g/kg is a commonly 
practiced osmotic diuretic to reduce ICP within 15 to 35 minutes after infusion. 
Diuresis following mannitol administration is significant [18], requiring close 
monitoring of electrolyte and fluid balance. Hypokalemia, alkalosis, as well as 
renal damage are potential toxic effects of its use. Alternatively, 3% to 23.4% 
hypertonic saline may be used. A central venous catheter should ideally be used 
in case of using osmotherapy for more than 24 hours. Weaning should always be 
gradual over 12–24 hours to prevent rebound raised ICP. Complications from 
hypertonic saline are mostly sodium and fluid overload [19].

• Steroids: The effect of steroids on peritumoral edema has been well documented, 
and it has been used widely throughout the world for the same purpose [20]. Due 
to its lack of mineralocorticoid activity as well as longer duration of action, dexa-
methasone has been the most popular steroid amongst all [21]. Administration of 
dexamethasone 4 mg 6 hourly 1 to 2 days prior to an elective surgical procedure 
demonstrated to reduce cerebral edema. They should always be started with min-
imal possible doses to reduce their side effects.

• Future advances: Given the role of VEGF in cerebral edema, VEGF inhibitors 
like semaxinib, AZD2171 have shown promise in animal trials. In animal mod-
els, selective COX-2 inhibitor like SC236 has shown efficacy in increasing sur-
vival benefit.

Surgical Intervention
• Surgical interventions: Cerebral edema due to brain tumor can never be fully 

managed by medical interventions hence the placement of an external ventricular 
drain, ventriculoperitoneal shunt (in cases of hydrocephalus), craniotomy with 
excision of any residual tumor and hematoma, or in many cases decompressive 
craniectomy are major options to treat raised ICP following postoperative cere-
bral edema.

34.5.1.8  Seizures
Patients with preoperative seizures should continue to receive their antiepileptic 
drugs (AEDs) postoperatively at adequate doses. Typical AEDs used are phenytoin, 
carbamazepine, valproate, or their combination [9]. AED therapy does not exclude 
the occurrence of postoperative seizures. Therefore, continuous EEG monitoring 
along with an emergent CT should be performed immediately whenever seizures or 
decreased level of consciousness occur postoperatively.

Postoperative seizures involving convulsive and nonconvulsive status epilepticus 
occur in 13–60% of patients with intracranial tumors [22]. Early seizure identifica-
tion and initiation of treatment under the recent guidelines [23] enhances the results 
of treatment [9].

The role of prophylactic use of AEDs in patients without preoperative seizures is 
questionable. Data advocate both strategies [24]. High glutamate concentration in 
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peritumoral edema fluid detected by cerebral microdialysis may trigger epilepto-
genesis and predispose to postoperative seizures. The patient needs prophylactic 
AED administration if the tumor has invaded the cortex and is located in areas of 
high epileptogenicity [9]. In practice, prophylactic AED is administered by the 
majority of neurosurgeons, especially due to the availability of AEDs with few side 
effects, such as levetiracetam. It is important to use an adequate dose of any AEDs, 
and this is best individualized based on the measurement of the plasma level of the 
drug. The duration of prophylactic AED therapy is another area of debate and is 
based on the experience in patients with severe subarachnoid hemorrhage (SAH) or 
traumatic brain injury (TBI). An acceptable proposition is that five or seven days of 
prophylactic AED treatment in patients with intracerebral hemispheric and convex-
ity tumors. Early postoperative seizures are a notable risk factor for late postopera-
tive seizures, which significantly worsen the quality of life and the outcome. 
Therefore, prophylactic treatment of early seizures improves the patient’s safety 
during the early postoperative period and results in an improved quality of life dur-
ing the late postoperative period.

34.5.1.9  Venous Thromboembolism
Patients with intracranial tumors are at risk for venous thromboembolism (VTE). 
The incidence may be as high as 30% for postoperative glioma cases. The risk fac-
tors for VTE include high-grade tumor and glioblastoma subtype, large tumor size 
of more than 5 cm, biopsy rather than subtotal or gross total resection, paraparesis, 
previous history of VTE, blood types A and AB, older age, obesity, and anti-Y vas-
cular endothelial growth factor (VEGF) therapy [25, 26]. Mechanical prophylaxis 
with compression stockings, pneumatic devices, and pharmacological prophylaxis 
with enoxaparin administration may help to prevent VTE [27, 28].

Several options for anticoagulation exist (Table 34.2). Preferred drugs based on 
the CLOT study and, if financial considerations allow, is low molecular weight hep-
arin (LMWH) such as enoxaparin, dalteparin, or tinzaparin, with warfarin as a 
backup choice if LMWHs are not feasible (Fig. 34.1) [29]. The use of bevacizumab, 
an anti-VEGF antibody for recurrent glioblastoma, may increase the relative risk of 
venous thromboembolism.

34.5.2  Posterior Fossa Tumors

Acoustic neuroma, meningioma, glioma, ependymoma, and medulloblastoma are 
the most frequent histological types of primary intracranial tumor localized in the 
posterior fossa. A tumor may grow from the cerebellum, cerebellopontine angle, or 

Table 34.2 Management of venous thromboembolism

Immediate medical management Chronic medical management
UFH: 80 U/kg IV loading dose f/b 18 U/kg/h according aPTT Warfarin, according to INR
Enoxaparin: 1.5 mg/kg OD Dalteparin: 150 U/kg OD
Dalteparin: 200 U/kg OD or 100 U/kg BD Enoxaparin: 40 mg OD
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from any layer of the brain stem, or may extend to the posterior fossa from the spi-
nal cord, thalamus, pineal, or sellar region. Several anatomical factors peculiar to 
the posterior fossa may contribute to the development of postoperative complica-
tions. The posterior fossa contains the brain stem comprising of the ascending and 
descending sensorimotor pathways, nuclei of all the cranial nerves, the reticular 

Doppler

DVT

Surgery within one week  

Vascular tumor 

Anticoagulant contraindicated  

Yes                 No

Inferior vena cava (IVC) filter NCCT brain

Acute bleeding         No acute bleeding

IV heparin                        IVC filter

Tolerated  

Yes                                   No

LM WH                                  IVC filter

Footnote: NCCT: Non - contrast computed tomographic scan; IV: intravenous; LMWH: low
molecular weight heparin 

Fig. 34.1 Screening for deep vein thrombosis (DVT) and management of anticoagulation in neu-
rosurgical patients. Footnote: NCCT Non-contrast computed tomographic scan, IV intravenous, 
LMWH low molecular weight heparin
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activating system, the neural networks supporting extremely important reflexes as 
coughing, swallowing, and cardiorespiratory regulatory centers in a limited cavity 
surrounded by bones and the tentorium, housing the narrowest parts of the ventricu-
lar system—the fourth ventricle and the cerebral aqueduct. Knowledge regarding all 
these factors alerts the intensivists to impart utmost safety for patients with posterior 
fossa tumors during the postoperative period.

Infratentorial neurosurgery is an independent risk factor for respiratory insuffi-
ciency and mortality in patients undergoing tumor resection [30], and timely reintu-
bation in patients with posterior fossa tumors in the postoperative period avoid 
complications. Direct surgical, ischemic, or hemorrhagic damage of the brainstem 
may lead to respiratory insufficiency. Respiratory insufficiency, dysphagia, or 
decreased level of consciousness in the postoperative period are indications for an 
emergent CT, which should be performed immediately after securing airway and 
breathing, as inadequate spontaneous breathing is a definitive sign of perioperative 
brainstem damage. Even small hematomas in the posterior fossa need to be surgi-
cally evacuated. No matter what is the cause of respiratory insufficiency is, incorrect 
airway management is an important factor leading to mortality and morbidity in 
patients with posterior fossa tumors [30]. Therefore, timely airway management 
would greatly increase patient safety and improve outcomes.

The causes of respiratory insufficiency are (a) bulbar palsy with disturbances in 
swallowing and coughing (damage of nuclei or IX-XII cranial nerve roots or corti-
cobulbar tracts), (b) respiratory center damage, (c) injury to the reticular formation 
with the decline of consciousness, or (d) a combination of the above [31]. Assessment 
of the intubated patient for their preparedness for spontaneous breathing is impos-
sible because [1] they are usually sedated, and the actual level of consciousness is 
unclear; [2] due to the pain and the discomfort they have impaired swallowing; [3] 
the cough reflex is impaired by the endotracheal tube due to the impedance of the 
glottic closure (“cough without glottic closure”) [32, 33]. However, early extubation 
is preferred as soon as the criteria for extubation are fulfilled [34], else the duration 
of mechanical ventilation (MV) and the ICU stay might extend, with increased rates 
of pneumonia and worse outcome [35–37]. Reliable criteria or scales that predict 
the extubation success are lacking [38]. The high rate of extubation failures, espe-
cially in the neurocritical care population, emphasizes the incompetence of precise 
prediction of the extubation success or failure [39]. Therefore, the main focus 
regarding patient’s safety is in the post-extubation period when the right decision 
should be made is a dilemma: to reintubate or not to reintubate. The Burdenko 
Respiratory Insufficiency Scale (BRIS) was developed for this reason [40]. It helps 
in the objectification of the patient’s status to make a correct decision. BRIS con-
sists of three parts: [1] assessment of the mental status with Richmond agitation 
sedation scale (RASS) [2] evaluation of the swallowing, cough, and airway patency 
[41] [3] measurement of PaO2/FiO2 ratio; with each part getting an independent 
score from 0 to 4, and then, the scores of each individual section are totaled. Obesity, 
due to its negative impact on respiratory function, increases the scoring by 1 point. 
The minimal total score is 0 (healthy person); the maximal total score is 12  in a 
patient with normal weight and 13 in an obese patient. The spectrum of BRIS parts 
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extends from a normal criterion (normal consciousness, independent swallowing, 
effective cough, preserved airway patency, and normal PaO2/FiO2 ratio) to the crite-
ria of the extreme degree of pathology (comatose state or deep sedation, severe lung 
injury with PaO2/FiO2 < 200, impaired airway patency with ineffective cough, and 
aspiration for two or more food consistencies). Each pathological condition is an 
indication for intubation and MV. Therefore, a score of 4 in any part of BRIS points 
towards immediate intubation and ventilation of the patient. A lot of intermediate 
clinical situations exist, where the patients have different combinations of the altera-
tion of consciousness, swallowing disorders, cough impairment, loss of airway con-
trol, and lung injury. In such a situation, intubation decision is based on the individual 
demands of the patient and the experience of the intensivist.

BRIS has been developed for the uniformity of indications for intubation. A 
BRIS score of 3 or less means that the patient can breathe spontaneously with the 
need for enteral feeding via a nasogastric tube if cough and swallowing are impaired. 
A BRIS score of 4 as the sum points of all three parts of BRIS, but not as a single 
part, is still a grey zone. Some patients with a BRIS score of 4 require intubation and 
MV. Still, some patients will successfully keep adequate spontaneous breathing dur-
ing their stay in intensive care and will be discharged to the ward, indicating that 
perhaps some additional factors determine the patient’s ability to breathe spontane-
ously, which BRIS does not consider.

The posterior fossa is a small cavity with limited volume surrounded by bones 
and the tentorium. Even small hematomas or not very pronounced edema due to 
ischemia or intraoperative brain retraction may lead to intracranial hypertension. 
Routinely monitored supratentorial ICP may be normal, but a transtentorial ICP 
gradient will occur if the aqueduct or fourth ventricle is blocked [42]. Accordingly, 
the patients will develop neurological deficits such as consciousness decline and 
focal brainstem symptoms. The management based solely on normal supratentorial 
ICP is wrong and results in patient compromise.

Housing the narrowest parts of the ventricular system, even small additional vol-
ume in the posterior fossa leads to the rapid development of hydrocephalus due to 
ventricular system occlusion. The clinical picture includes signs of intracranial 
hypertension as severe headache, nausea, vomiting, decerebrate posturing, and 
declined consciousness. After immediate neuroimaging, emergent external ventric-
ular drain (EVD) placement must be done. Rapid and excessive CSF diversion can 
cause severe and vitally dangerous complications such as brain dislocation and 
upward tentorial herniation (reverse herniation). Controlled CSF diversion is the 
only method for the mitigation of this complication.

34.5.3  Sellar/Suprasellar Region Tumors

Pituitary adenoma, craniopharyngioma, and para-sellar meningioma are the most fre-
quent sellar region tumors, which are difficult to approach [43]. The evolution of 
endoscopic transsphenoidal surgery has considerably reduced the number of approach-
related complications. Almost all histological types of sellar tumors, from the 
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small-to-medium-size tumors with infra-sellar, latero-sellar, and antero-sellar exten-
sion can be successfully resected using the transsphenoidal approach. However, sur-
gery of the large tumors with invasion of the suprasellar structures and the resection 
of craniopharyngiomas extending to the suprasellar region are still prone to the high 
risk of postoperative complications due to the diencephalon damage. Postoperative 
meningitis is another serious complication for patients with sellar tumors.

34.5.3.1  Damage of the Diencephalon
The diencephalon is a relatively small area with the highest agglomeration of vitally 
important centers of the entire brain. It comprises of the thalamus (primary precorti-
cal analysis of the sensory information except for olfaction), hypothalamus (highest 
center of the autonomic nervous system and the endocrine regulation), epithalamus 
(control of the autonomic functions, emotions, and the sleep-wake cycle), subthala-
mus (controls the extrapyramidal regulation of movements), and the pituitary gland 
(secretes all trophic hormones, contains vasopressin, oxytocin, and melatonin).

A direct surgical injury of diencephalon, ischemic or hemorrhagic lesions, or 
intraoperative traction and coagulation during the sellar-suprasellar region surgery 
results in local perioperative damage leading to diencephalic dysfunction. The dien-
cephalon dysfunction syndrome (DDS), consisting of dysnatremia, alterations of 
consciousness, and at least one somatic organ dysfunction in patients with sellar 
tumors, is a recent concept [44].

34.5.3.2  Dysnatremia
Dysnatremia is the most common and widely discussed complication of sellar- 
suprasellar surgery. Most of these patients present with a complicated postoperative 
period with dysnatremia and require intensive care longer than 24 h [44]. The periop-
erative defacement of hypothalamus and pituitary gland function in patients with sel-
lar tumors determines the rates of dysnatremia. Hypernatremia (Na+ > 145 mmol/L) 
develops in up to 75–90% of patients postoperatively. Diabetes insipidus (DI) is the 
predominant cause of hypernatremia, leading to excessive fluid loss and hypovolemia 
[45]. The timely and adequate usage of desmopressin acetate (Minrin) and sodium-
free fluid replacement according to their free water deficit in the patients with DI can-
not be over-emphasized. Delay in recognition and treatment of hypovolemia leads to 
arterial hypotension and hypoperfusion of the peritumoral zone in the early postopera-
tive period. Hyponatremia (Na+ < 135 mmol/L) develops in up to 35% of postopera-
tive patients [46]. It can be moderate (Na+  =  134–125  mmol/L) or severe (Na 
<125 mmol/L); acute, which develops within 72 h, or chronic, which develops more 
than 72 h postoperatively. Severe hyponatremia may result in coma, seizures, and 
adverse outcomes. The correction rates must be limited by 6–8 mmol/L per day of 
sodium for hyponatremia because a rapid increase in sodium level leads to a grave and 
possibly lethal complication - pontine or extra pontine myelinolysis [47]. The differ-
ential diagnosis of hyponatremia includes the syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH), the cerebral salt wasting syndrome (CSWS), or adre-
nal insufficiency (AI), where the main pathophysiological difference is the volume 
status which determines the management. SIADH leads to hyper- or normovolemia, 

K. C. Das et al.



413

whereas both CSWS and AI are causes of hypovolemia. In SIADH, fluid restriction 
and vaptans are essential for treatment, while fluid replacement, glucocorticoids, and 
mineralocorticoids are needed for patients with CSWS and AI.  Hypertonic saline 
solutions are indicated for CSWS and AI but should be avoided in SIADH except in 
severe hyponatremia cases causing coma or seizures.

Postoperative Glucocorticoid Therapy
Dexamethasone and hydrocortisone in combination are used in patients with sellar- 
suprasellar tumors [48]. Dexamethasone is tapered relatively fast, over 5–7 postop-
erative days [9, 49], to protect the patient from adrenal depression and development 
of primary AI. Hydrocortisone may be used for more extended periods in a dose of 
at least 150–200 mg per day [49]. Unstable patients may require higher doses of 
hydrocortisone up to 1200 mg per day. The correct dose of hydrocortisone should 
be individualized based on sodium, potassium, and glucose levels as well as BP, 
temperature, and several other clinical and laboratory parameters [48].

34.5.3.3 Consciousness Alterations
Consciousness alterations develop in patients with sellar tumors who have had a 
complicated postoperative period [44]. Coma is rare, but delirium is the most preva-
lent disorder of consciousness, hypoactive and mixed types of delirium being the 
most frequent types. The high rate of convulsive and nonconvulsive seizures is the 
most common complication of sellar tumor patients [44], requiring aggressive anti-
convulsant therapy to improve consciousness and the outcome.

34.5.3.4 Organ Dysfunction
Since the hypothalamus is the highest center of the autonomic nervous system regu-
lating the function of all the vital organs, perioperative damage to the diencephalon 
may lead to multi-organ dysfunction. However, studies with regards to this compli-
cation are scarce. Cardiovascular, respiratory insufficiency and paralytic ileus are 
the common types of organ dysfunction.

Postoperative Cardiovascular Insufficiency
Postoperative cardiovascular insufficiency in patients with sellar tumors is multifac-
torial. The common reasons are acute adrenal or thyroid insufficiency, hypopituita-
rism, hypovolemia in cases with the decompensated DI, or direct diencephalic 
injury [49]. The endocrine pathology that occurs in all cases of sellar-suprasellar 
tumors with a complicated postoperative period, despite normal endocrine function 
preoperatively, requires polyhormonal substitution (hydrocortisone, levothyroxine, 
and desmopressin) for successful management. Levothyroxine is administered 
intravenously in a dose of 2–3 μg/kg/day [48]. Desmopressin dose is based on the 
fluid balance and the plasma sodium level. Therefore, in adequate doses, postopera-
tive polyhormonal substitutional therapy is paramount to prevent cardiovascular 
instability due to adrenal, thyroid insufficiency, hypopituitarism, and hypovolemia.

Direct perioperative diencephalic damage can cause arterial hypotension due to 
complete loss of vascular resistance leading to cardiovascular insufficiency 
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postoperatively [49]. The verification of the mechanism of the arterial hypotension 
led to the proposal of administration of alpha-adrenomimetics (norepinephrine, 
phenylephrine) as vasoactive agents of choice. A non-compensated thyroid insuffi-
ciency may cause bradycardia during the infusion of alpha- adrenomimetics [50], 
and its correction with a proper dose of thyroid hormones is needed [49].
The level of optimal BP in patients with sellar tumors having a complicated postop-
erative period should be maintained at the upper level of normal, which is mean BP 
between 95 and 110 mmHg [51].

Respiratory Insufficiency
Respiratory insufficiency is another frequent complication in patients with sellar- 
suprasellar tumors. Diencephalic injury can result in sudden sympathetic surge 
leading to neurogenic pulmonary edema, though a rare complication.

Intraabdominal Complications
Ileus is a serious clinical problem for neurocritical care patients and can also occur 
in patients with suprasellar tumors despite the fact that adequate thyroid replace-
ment and is a significant risk factor for intraabdominal hypertension. Therefore, 
intraabdominal hypertension and abdominal compartment syndrome, when diag-
nosed, should be treated as an emergency.

Therefore, DDS is a severe condition requiring a multimodal approach for its 
successful management. The extent of organ dysfunction defines the severity of 
DDS and determines the outcome.

34.5.3.5 Postoperative Meningitis
Postoperative meningitis is another complication known to occur in patients with 
sellar tumors. Though a relatively sterile surgery, transsphenoidal surgery is associ-
ated with multiple risk factors for meningitis, including perioperative CSF leak, 
lumbar and external ventricular drainages, revision of the postoperative wound for 
defects of the disconnection of the CSF diversion system, and intraventricular injec-
tions of medications. There is no single effective prophylactic antibiotic regimen 
available to decrease meningitis rates. Of the several preventive measures employed, 
durable intraoperative skull-base plastics, prevention of postoperative CSF leaks, 
shorter duration of CSF drainage, and aseptic approach to the drainage management 
with decreased number of the system disconnection for obtaining CSF samples or 
injection of medications are the common ones. In patients with transcranial resec-
tion of suprasellar tumors, though postoperative meningitis is a rare phenomenon, 
CSF may collect under the cutaneous flap in the area of the surgical approach and 
pose a significant risk for meningitis.

Empirical Treatment
The recent guidelines recommend treatment with vancomycin for staphylococci 
and P. acnes coverage and either an antipseudomonal cephalosporin or an antipseu-
domonal carbapenem for coverage of aerobic gram-negative bacilli (GNB) [52]. 
The local prevalence of extended-spectrum beta-lactamase should be considered 
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for choosing between cephalosporin and carbapenems. Despite its unfavorable 
pharmacokinetics, vancomycin at a dose of 15–20 mg/kg 2–3 times a day is the 
treatment of choice in methicillin-resistant staphylococcus aureus (MRSA) and 
methicillin- resistant enterococci (MRE). Due to its very low CSF penetration, tei-
choplanin is seldom used to treat post craniotomy meningitis (PCM). Linezolid has 
perfect CSF penetration; hence, it can be used for treatment with caution exercised 
on potential myelosuppression. Newer drugs such as telavancin, ceftaroline, and 
ceftobipirole have shown promise in treating gram-positive meningitis. For gram-
negative bacteria, cephalosporins are generally preferred over carbapenems, as the 
latter is associated with seizures. For extended-spectrum beta-lactamase (ESBL), 
meropenem is the preferred choice. If the causative organism comes out to be 
A. baumanni or pseudomonas then colistin in high doses is an option. Carbapenem 
such as meropenem at higher doses can be combined with colistin if minimum 
inhibitory concentration (MIC) <8 mg/l. Colistin can be used intrathecally in addi-
tion to intravenous doses. The current IDSA guidelines recommend a daily dose of 
10 mg colistimethate (125,000 IU colistimethate).

A 21 days course of directed antibiotic treatment in cases of GNB meningitis and 
10–14 days for S. aureus meningitis is recommended.

34.6 Infections

Various neurosurgical procedures can lead to wound infections, barrier disruption 
leading to meningitis or encephalitis, while chemotherapy may lead to suppression 
of cell-mediated immunity as well as neutropenia. Poor nutritional status may also 
contribute to infections in patients with a brain tumor. Temazolamide, as well as 
corticosteroid use in these patients, makes them vulnerable to pneumocystis jiroveci 
pneumonia. Therefore, it is recommended to have serial lymphocyte count and initi-
ate PCP prophylaxis (trimethoprim and sulfamethoxazole) whenever temazolamide 
based therapy or prolonged steroid therapy (one month) are used. Other rare infec-
tions associated with temazolomide and steroids include aspergillus, disseminated 
strongyloides, bronchopulmonary infections with Bordatella bronchiseptica, cryp-
tococcal meningitis, disseminated tuberculosis.

Wound infections following craniotomy are more common in patients who have 
received bevacizumab. To date, only general recommendations for clean neurosur-
gery have been reported, and no consensus on the class of optimal antibiotic and the 
administration period has been established [53].

34.7 Special Issues in Postoperative Care

Pain, postoperative nausea, and vomiting (PONV), and residual neuromuscular 
blockade (RNMB) are important concerns during postoperative intensive care man-
agement of patients with an intracranial tumor, leading to arterial hypertension and 
result in the development of an early postoperative hematoma [54].
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34.7.1 Post-craniotomy pain

Post-craniotomy pain is a very frequently encountered adverse effect following sur-
gery. Understanding post craniotomy pain in these patients is of paramount impor-
tance as it may lead to delayed mobilization, prolonged hospital stays, increased 
morbidity, disability, and decreased quality of life. Many hypotheses are explaining 
the mechanism of pain, such as direct trauma to the skin, nerve injury, meningeal 
irritation due to debris, formation of neuromas, and central sensitization. 
Unfortunately, protocols for postoperative analgesia in neurosurgical practice are 
absent. Pain assessment is challenging in unconscious, aphasic, delirious, or disori-
ented patients [55], and can be precisely evaluated only in conscious patients. Local 
anesthetic agents’ infiltration at the incision site helps in the control of postoperative 
pain [56]. This is a part of “pre-emptive analgesia,” which can effectively prevent 
postoperative pain. The use of non-steroidal anti-inflammatory drugs (NSAID) and 
NMDA antagonists is also based on the same principle [57]. NSAIDs and 
paracetamol alone, and codeine-based analgesics are ineffective [50]. Systemic opi-
oids, through effective analgesics, cannot be optimally used in patients with brain 
tumors due to several side effects like nausea, vomiting, cognitive impairment, 
respiratory depression, urinary retention, constipation, dependence, and tolerance. 
A continuous and titrated infusion of dexmedetomidine can modulate the pain per-
ception and is suitable for postoperative analgesia and sedation in these patients.

34.7.2 PONV

PONV after craniotomy is present in about 70% of patients. In addition to discom-
fort to the patient, PONV causes arterial hypertension and increased risk of aspira-
tion, intracranial hypertension, fluid-electrolytes disturbances, and acid-base 
imbalance. The combination of dexamethasone and 5HT-3 or Neurokinin (NK)-1 
receptors antagonists reduces the Incidence of PONV. Administration of metoclo-
pramide, droperidol, or gabapentin, in addition, is also found to be effective [58]. 
These strategies help to decrease the incidence of PONV but do not eliminate it. 
PONV plays a significant role in neurosurgical patients because it is a clinical sign 
of intracranial hypertension. The presence of PONV along with delayed arousal, 
with or without posturing, and focal neurologic symptoms such as anisocoria and 
pupillary dilatation warrant an emergent CT.

Neuromuscular blocking agents (NMBA) are part of the balanced anesthesia tech-
nique used during resection of brain tumors to ensure optimal surgical conditions. 
RNMB is one of the many causes of delayed awakening, and an emergent CT is desir-
able to rule out treatable intracranial causes without other reversible systemic causes. 
Unnecessary transportation to CT during the early postoperative period increases the 
risk of other complications in the neurosurgical patient [59]. Therefore, one should be 
aware of RNMB and train of four (TOF) monitoring applied in the perioperative 
period to assess the depth of neuromuscular blockade and adequately reverse it.

K. C. Das et al.



417

34.8  Nutrition

Nutritional support plays a significant factor in brain tumor patients achieving better 
outcomes. Any patient who undergoes surgery shows metabolic and hormonal 
changes mimicking a stress response. Cuthbertson in 1932. divided metabolic 
response into the early ‘ebb’ phase (12 hours) with reduced metabolic activity and 
oxygen consumption, followed by a ‘flow’ phase which is a catabolic state and 
requires nutritional support.

There is a 56% decrease in mortality in the ICU if nutritional support is started 
by Day 4 [60].

Overfeeding is as harmful as underfeeding as it may lead to hepatic dysfunction, 
hyperglycemia, and an increased risk of infections. There is always a risk of refeed-
ing syndrome in a chronically ventilated cancer patient when feeding is initiated. 
Hence, it is better to gradually initiate feeding in these patients over a while and 
monitor serum potassium, magnesium, and phosphate levels in between.

Heyland et al. described the NUTRIC score, the first nutritional risk assessment 
tool developed and validated especially for critically ill patients to assess which 
patient will benefit from the provision of aggressive protein-energy nutrition. It 
depends on six variables, namely age, acute physiology, and chronic health evalua-
tion (APACHE II) score, sequential organ failure assessment (SOFA), interleukin-6 
levels, and the number of comorbidities and days from hospital to ICU admission.

34.9  Gastrointestinal Ulcer Prophylaxis

It is generally observed that neurological injury with prolonged mechanical ventila-
tion (>48 h), major surgery (>4 h), coagulopathy, high doses of corticosteroids, and 
analgesics, especially NSAIDs, may contribute for the higher incidence of gastroin-
testinal (GI) ulcer in critically ill neurosurgical patients. Cushing ulcer in these 
patients is most likely because of stimulation of acetylcholine via the vagus nerve, 
which stimulates the M3 receptor of parietal cells, which ultimately leads to activa-
tion of hydrogen/potassium ATPase pump.

Routine use of GI ulcer prophylaxis such as proton pump inhibitors (PPI), H2 
receptor antagonists (H2A), and antacids is not advised as they may lead to unwanted 
complications such as the emergence of resistant strains of bacteria and increased 
incidence of ventilator acquired pneumonia (VAP). Hence, it is always advised to 
observe the risk-benefit ratio to determine the aforementioned risk factors before 
starting any GI ulcer prophylaxis. In critically ill neurosurgical patients, PPIs have 
replaced H2A as H2A are associated with seizures, drug interactions, thrombocyto-
penia, etc. Early enteral feeding should be established as it helps in positive nitrogen 
balance, which alkalizes gastric pH and prevents further damage.
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34.10  Multimodal Monitoring in Neurocritical Unit

The damage caused by secondary brain insult can be catastrophic and requires a 
point of care multimodal monitoring to prevent any such events. Although none of 
the devices can be 100% accurate in detecting impending ischemic events, the com-
bination of various monitoring data can be extremely helpful in understanding brain 
function and preventing impending catastrophe. Invasive monitoring may be more 
accurate but is limited by the inherent risk of surgical implantation as well as its 
regional focus. With the advancement in neurocritical monitoring, noninvasive 
methods provide invaluable real-time information about cerebral blood flow (CBF), 
cerebral oxygenation, and intracranial pressure (ICP) but are limited by inaccuracy, 
lack of specificity, and high cost. Therefore, they are broadly categorized into three 
groups based on their monitoring parameters: ICP, CBF, and cerebral oxygenation.

34.10.1  ICP Monitoring

ICP is one of the most widely used parameters in a neurocritical care unit; its monitor-
ing can be invasive or noninvasive (Table 34.3). Insertion of an external ventricular 
device (EVD) has many advantages in the form of an alternate drug delivery route as 
well as a measure to decrease ICP. However, the problem with EVD being invasive 
technique there is a higher risk of infection and bleeding especially during the insertion.

With respect to noninvasive methods to monitor ICP, a significant amount of 
studies have established a correlation between ONSD distension and an increase in 
ICP. It is generally considered that ONSD measurements below 5 mm correlate to 
normal ICP, while more than 6  mm diameter represents an elevated ICP (ICP 
>20 mmHg). Other methods such as infrared pupillometry can be used to quantita-
tively analyze changes in ICP by examining changes in pupil size in response to 
light stimuli. In normal ICP, the pupillary response to light should be a 34 to 36% 
decrease in size, whereas, in raised ICP, pupil response is decreased by 20% of nor-
mal constriction. Even an increased latency of N2 and P3 waveforms of the visual 
evoked potentials (VEP) can indicate changes in ICP.

34.10.2  Cerebral Oxygenation

There are different invasive as well as noninvasive modalities to determine cerebral 
oxygenation (Table 34.4).

34.10.3  Cerebral Blood Flow

Out of all parameters to assess brain perfusion, the most direct indicator of oxygen-
ation and fuel delivery is cerebral blood flow (CBF); however, it is limited by the 
lack of a monitoring device that could monitor CBF continuously. Positron 
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emission tomography (PET) scan remains the gold standard for determining CBF, 
which is limited by its inability to be used bedside. Q flow catheters using the ther-
mal diffusion technique are the only device that can continuously monitor CBF and 
present real-time pictures of CBF. With respect to noninvasive devices, near-infra-
red spectroscopy (NIRS) measures regional cerebral oxygenation by indirectly 
measuring the metabolic state of the cerebral tissue.

34.11  End of Life Care

Palliative care of patients with brain tumors is a continuum starting with honest 
prognostication and amelioration of symptoms throughout the patient’s illness. 
Symptoms at the end stage of glioma include progressive lethargy, inability to com-
municate, dysphagia, nausea, focal signs, incontinence, headache, and seizures. 
Hence, discontinuation of corticosteroids is not encouraged; AEDs are continued 
throughout life. Nausea and vomiting should be treated aggressively. The role of 
memantine in preventing cognitive impairment has been studied with a short fol-
low- up trial, and the drug appeared to reduce the decline in memory, executive func-
tion, and processing speed.

34.12  Conclusion

Patients with a complicated postoperative period following intracranial tumor resec-
tion comprise a unique neurocritical care population. Most of the diagnostic, thera-
peutic, and prognostic practices can be adapted from the general guidelines and 
principles used in other neurocritical care patient populations. However, the patients 
belonging to distinct groups such as sellar-suprasellar tumors and posterior fossa 
tumors need specific guidelines for managing unique complications.

Table 34.3 Intracranial pressure (ICP) monitors

Invasive Noninvasive
Extra ventricular drains
Intraparenchymal devices

Optic nerve sheath diameter (ONSD)
Optic coherence tonometry
Pupillometry
Transcranial Doppler
Visual evoked potential
Distorted product otoacoustic emission

Table 34.4 Monitors of cerebral oxygenation

Invasive Noninvasive
Jugular bulb oximetry Electroencephalogram
Intraparenchymal oxygen monitor (Licox system, neurovent-PTO 
system)
Cerebral microdialysis

34 Critical Care Management in Patients Undergoing Brain Tumor Surgery



420

Conflict of Interest
None declared for each author.

References

 1. Kelly D. Neurosurgical postoperative care. Neurosurg Clin N Am. 1994;5:789–810.
 2. Sirio CA, Martich DG. Who goes to the ICU postoperatively? Chest. 1999;115:125S–9S.
 3. Solheim O, Jakola AS, Gulati S, et al. Incidence and causes of perioperative mortality after 

primary surgery for intracranial tumors: a national, population-based study. J Neurosurg. 
2012;116:825–34.

 4. Rincon F, Mayer SA.  Neurocritical care: a distinct discipline? Curr Opin Crit Care. 
2007;13:115–21.

 5. Diringer MN, Edwards DF.  Admission to a neurologic/neurosurgical intensive care unit 
is associated with reduced mortality rate after intracerebral hemorrhage. Crit Care Med. 
2001;29:635–40.

 6. Bui JQH, Mendis RL, van Gelder JM, et al. Is postoperative intensive care unit admission a 
prerequisite for elective craniotomy? J Neurosurg. 2011;115:1236–41.

 7. Herman MA, Gravenstein N, Gravenstein D. Postoperative neurosurgical care: recovery room 
misadventures and immediate concerns. In: Layon AJ, editor. Textbook of neurointensive care. 
London: Springer; 2013. p. 863–97.

 8. Black S, Ockert DB, Oliver WC Jr, et al. Outcome following posterior fossa craniectomy in 
patients in the sitting or horizontal positions. Anesthesiology. 1988;69:49–56.

 9. Wen PY, Schiff D, Kesari S, et al. Medical management of patients with brain tumors. J Neuro- 
Oncol. 2006;80:313–32.

 10. Mukand JA, Blackinton DD, Crincoli MG, et al. incidence of neurologic deficits and rehabili-
tation of patients with brain tumors. Am J Phys Med Rehabil. 2001;80:346–50.

 11. Taylor WA, Thomas NW, Wellings JA, et al. Timing of postoperative intracranial hematoma 
development and implications for the best use of neurosurgical intensive care. J Nerosurg. 
1995;82:48–50.

 12. Gerlach R, Krause M, Seifert V, et al. Hemostatic and hemorrhagic problems in neurosurgical 
patients. Acta Neurochir. 2009;151:873–900.

 13. Raiten J, Thiele RH, Nemergut EC. Anesthesia and intensive care management of patients 
with brain tumors. In: Kaye AH, Laws ER, editors. Brain tumors. An encyclopedic approach. 
3rd ed. Edinburgh/New York: Saunders, Elsevier; 2012. p. 249–81.

 14. Nyquist P, Stevens RD, Mirski MA. Neurologic injury and mechanical ventilation. Neurocrit 
Care. 2008;9(3):400–8.

 15. Hajat C, Hajat S, Sharma P. Effects of poststroke pyrexia on stroke outcome: a meta-analysis 
of studies in patients. Stroke. 2000;31(2):410–4.

 16. Ansari SF, Bohnstedt BN, Perkins SM, Althouse SK, Miller JC.  Efficacy of postoperative 
seizure prophylaxis in intra-axial brain tumor resections. J Neuro-Oncol. 2014;118(1):117–22.

 17. Sayegh ET, Fakurnejad S, Oh T, Bloch O, Parsa AT.  Anticonvulsant prophylaxis for brain 
tumor surgery: determining the current best available evidence: a review. J Neurosurg. 
2014;121(5):1139–47.

 18. Domaingue CM, Nye DH.  Hypotensive effect of mannitol administered rapidly. Anaesth 
Intensive Care. 1985;13(2):134–6.

 19. Fink ME.  Osmotherapy for intracranial hypertension: mannitol versus hypertonic saline. 
Continuum: Lifelong Learn Neurol. 2012;18(3):640–54.

 20. Miller JD, Leech P. Effects of mannitol and steroid therapy on intracranial volume-pressure 
relationships in patients. J Neurosurg. 1975;42(3):274–81.

K. C. Das et al.



421

 21. Ryken TC, McDermott M, Robinson PD, et  al. The role of steroids in the management of 
brain metastases: a systematic review and evidence-based clinical practice guideline. J Neuro- 
Oncol. 2010;96(1):103–14.

 22. Cavaliere R, Schiff D.  Clinical implications of status epilepticus on patients with cancer. 
Neuro-Oncology. 2003;5:331.

 23. Brophy GM, Bell R, Claassen J, et al. Guidelines for the evaluation and management of status 
epilepticus. Neurocrit Care. 2012;17:3–23.

 24. Wu A, Trinh V, Suki D, et al. A prospective randomized trial of perioperative seizure prophy-
laxis in patients with intraparenchymal brain tumors. J Neurosurg. 2013;118:873–83.

 25. Perry JR. Thromboembolic disease in patients with high-grade glioma. Neuro-oncology. 2012 
Sep;14(suppl_4):iv73–80.

 26. Jenkins EO, Schiff D, Mackman N, Key NS. Venous thromboembolism in malignant gliomas. 
J Thromb Haemost. 2010;8(2):221Y227. https://doi.org/10.1111/j.1538- 7836.2009.03690.x.

 27. Agnelli G, Piovella F, Buoncristiani P, Severi P, Pini M, D’Angelo A, et al. Enoxaparin plus 
compression stockings compared with compression stockings alone in the prevention of 
venous thromboembolism after elective neurosurgery. New Engl J Med. 1998;339(2):80–5.

 28. Goldhaber SZ, Dunn K, Gerhard-Herman M, Park JK, Black PM. Low rate of venous throm-
boembolism after craniotomy for brain tumor using multimodality prophylaxis. Chest. 
2002;122(6):1933–7.

 29. Jo JT, Schiff D, Perry JR.  Thrombosis in brain tumors. Semin Thromb Hemost. 
2014;40(3):325–31.

 30. Flexman AM, Merriman B, Griesdale DE, et al. Infratentorial neurosurgery is an independent 
risk factor for respiratory failure and death in patients undergoing intracranial tumor resection. 
J Neurosurg Anesthesiol. 2014;26(3):198–294.

 31. Mayer SA, Fink ME. Respiratory care: diagnosis and management. In: Rowland LP, editor. 
Merritt’s neurology. Philadelphia: Lippincott Williams & Wilkins; 2001.

 32. Salam A, Tilluckdharry L, Amoateng-Adjepong Y, et al. Neurologic status, cough, secretions 
and extubation outcomes. Intensive Care Med. 2004;30:1334–9.

 33. Ko R, Ramos L, Chalela JA. Conventional weaning parameters do not predict extubation fail-
ure in neurocritical care patients. Neurocrit Care. 2009;10:269–73.

 34. Coplin WM, Pierson DJ, Cooley KD, et al. Implications of extubation delay in brain-injured 
patients meeting standard weaning criteria. Am J Respir Crit Care Med. 2000;161:1530–6.

 35. Hooda B, Chouhan RS, Rath GP, Lamsal R, Bithal PK. Incidence and predictors of postop-
erative pulmonary complications in patients undergoing craniotomy and excision of posterior 
fossa tumor. J Anaesthesiol Clin Pharmacol. 2019;35(2):254–60.

 36. Bharati SJ, Pandia MP, Rath GP, Bithal PK, Dash HH.  Respiratory complications in the 
early postoperative period following elective craniotomies. J Neuroanaesth Crit Care. 
2015;2:114–20.

 37. Guleria R, Madan K. Pulmonary complications in neurosurgical patients. Indian J Neurosurg. 
2012;1:175–80.

 38. Epstein SK. Decision to extubate. Intensive Care Med. 2002;28:535–46.
 39. Navalesi P, Frigerio P, Moretti MP. Rate of reintubation in mechanically ventilated neurosurgi-

cal and neurologic patients: evaluation of a systemic approach to weaning and extubation. Crit 
Care Med. 2008;36:2986–92.

 40. Popugaev KA, Savin IA, Goriachev AS, et al. A respiratory failure rating scale in neurosurgi-
cal patients. Anesteziol Reanimatol. 2010;4:42–50.

 41. O’Neil KH, Purdy M, Falk J, et al. The dysphagia outcome and severity scale. Dysphagia. 
1999;14:139–45.

 42. Slavin KV, Misra M. Infratentorial intracranial pressure monitoring in neurosurgical intensive 
care unit. Neurol Res. 2003;25:880–4.

 43. Kaltsas GA, Evanson J, Chrisoulidou A. The diagnosis and management of parasellar tumours 
of the pituitary. Endocr Relat Cancer. 2008;15:885–903.

34 Critical Care Management in Patients Undergoing Brain Tumor Surgery

https://doi.org/10.1111/j.1538-7836.2009.03690.x


422

 44. Popugaev KA, Savin IA, Lubnin AU, et al. Structure and severity of acute diencephalon dys-
function syndrome. Neurocrit Care. 2012;17:S1.

 45. Fenske W, Allolio B. Current state and future perspectives in the diagnosis of diabetes insipi-
dus: a clinical review. J Clin Endocrinol Metab. 2012;97(10):3426–37.

 46. Sata A, Hizuka N, Kawamata T, et  al. hyponatremia after transsphenoidal surgery for 
hypothalamo- pituitary tumors. Neuroendocrinology. 2006;83:117–22.

 47. Brown WD. Osmotic demyelination disorders: central pontine and extrapontinemyelinolysis. 
Curr Opin Neurol. 2000;13:691–7.

 48. Gomes JA, Stevens RD, Lewin JJ 3rd, et al. Glucocorticoid therapy in neurologic critical care. 
Crit Care Med. 2005;33:1214–24.

 49. Sakharova OV, Inzucchi SI.  Endocrine assessment during critical illness. Crit Care Clin. 
2007;23:467–90.

 50. Gottschalk A, Ochroch EA. Is preemptive analgesia clinically effective? In: Fleisher L, editor. 
Evidence-based practice of anesthesia. Philadelphia: Saunders; 2008.

 51. Popugaev KA, Savin IA, Goriachev AS, et al. Hypothalamic injury as a cause of refractory 
hypotension after sellar region tumor surgery. Neurocrit Care. 2008;8:366–73.

 52. Popugaev KA, Savin IA, Goriachev AS, et al. Optimizing blood pressure in patients with sellar 
region tumors during complicated postoperative period. Zh Vopr Neirokhir Im N N Burdenko. 
2012;76:20–7.

 53. Tunkel AR, Hasbun R, Bhimraj A, Byers K, Kaplan SL, Scheld WM, van de Beek D, Bleck TP, 
Garton HJ, Zunt JR. 2017 Infectious Diseases Society of America’s clinical practice guidelines 
for healthcare-associated ventriculitis and meningitis. Clin Infect Dis. 2017;64(6):e34–65.

 54. Iacob G, Iacob S.  Prophylactic antibiotherapy in Neurosurgery Romanian Neurosurgery. 
2010;15:321–326.

 55. Basali A, Mascha EJ, Kalfas I, et al. Relation between perioperative hypertension and intracra-
nial haemorrhage after craniotomy. Anesthesiology. 2000;93:48–54.

 56. Breivik H, Borchgrevink PC, Allen SM, et  al. Assessment of pain. Br J Anaesth. 
2008;101(1):17–24.

 57. Nguyen A, Girard F, Boudreault D, et al. Scalp nerve blocks decrease the severity of pain after 
craniotomy. Anesth Analg. 2001;93(5):1272–6.

 58. De Gray LC, Matta BF. Acute and chronic pain following craniotomy: a review. Anaesthesia. 
2005;60:693–704.

 59. Pugh SC, Jones NC, Barsoum LZ. A comparison of prophylactic ondansetron and metoclo-
pramide administration in patients undergoing major neurosurgical procedures. Anaesthesia. 
1996;51:1162–4.

 60. Warren J, Fromm RE, Orr RA, et al. Guidelines for the inter- and intrahospital transport of 
critically ill patients. Crit Care Med. 2004;32:256–62.

K. C. Das et al.



423© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2022
V. Kumar et al. (eds.), Onco-critical Care, 
https://doi.org/10.1007/978-981-16-9929-0_35

N. Gupta (*) 
Department of Onco-Anesthesia and Palliative Medicine, Dr. B.R.A. Institute Rotary  
Cancer Hospital, All India Institute of Medical Sciences, New Delhi, Delhi, India

R. Dattari 
Department of Anaesthesia, Kasturba Medical College, Manipal, Karnataka, India

35Post-surgical Care in Head and Neck 
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35.1  Introduction

Head and neck cancer surgeries are complex surgeries requiring multi-disciplinary 
care that includes airway management, tracheostomy care, wound care, nutritional 
support to name a few. These surgeries predispose to wound infections together with 
poor wound healing due to exposure to radiotherapy, co-morbidities and proximity to 
soft-tissue planes and neurovascular structures further necessitating ICU management 
[1]. Admission to ICU by facilitating immobilization reduces mechanical disruption 
of microvascular anastomosis as well as allows more invasive hemodynamic monitor-
ing [2]. Routine admission to ICU might be preferred by few surgeons for 24–72 h 
due to the availability of high level of nursing care in ICU [3]. This chapter gives an 
overview of critical care management following head and neck cancer surgeries.

35.2  Indications for ICU Admission and Care in Head 
and Neck Oncological Surgeries

Medical conditions of the patient as well as the complexity of the surgery requiring 
close monitoring of the patient in the immediate post-surgical period might be 
responsible for ICU admission. APACHE 2 score >10 and bilateral neck dissection 
have also been identified as risk factors for post-operative complications in oral 
cancer [4]. Various indices such as Kaplan-Feinstein score comorbidity index, 
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Charlson Co-morbidity Index and Adult Comorbidity Evaluation have been used to 
predict complications in head and neck cancer patients. Abt et al. used Modified 
Frailty Index consisting of 15 variables to predict the need of critical care support 
following head and neck cancer resections specifically free flap reconstructions [5]. 
The authors noted that increasing scores were strongly associated with Clavien- 
Dindo 4 classification complications following head and neck resections. Varying 
rates of ICU admission has been reported in the literature following head and neck 
reconstruction. Retrospective analysis by To et al concluded 3 out of 47 patients 
(6.3%) undergoing free flap reconstruction required an elective ICU admission in 
the post-operative period [6]. The duration of ICU stay depends on the patient pro-
gression and could last from 24 to 72 h following elective surgeries [7]. In contrast, 
ICU stay in emergency interventions in the post-operative period or otherwise is 
determined by factors such as co-morbidities, intercurrent infections, type of inter-
vention, underlying condition (Table 35.1).

35.3  Airway Patency

Maintenance of airway patency is the most important clinical goal in the immediate 
post-operative period. Post-operative hemorrhage and hematoma formation leading 
to airway compromise can occur in total laryngectomy with cervical dissection, 
radical parathyroidectomy, reconstructive flap surgery requiring close monitoring. 
In total laryngectomy with cervical emptying, any airway obstruction could be cata-
strophic as orotracheal intubation is impossible due to anatomical distortion of air-
way necessitating elective tracheostomy and ICU management for 24–72 h [8, 9]. 
Damage to bilateral recurrent laryngeal nerve, hypocalcemia, post-operative hemor-
rhage, post-operative airway edema following total thyroidectomy can compro-
mise airway.

Elective tracheostomy in OR is preferred when prolonged intubation is antici-
pated along with monitoring and care in ICU.  Accidental decannulation in such 
patients does not pose much problem unlike percutaneous technique as early recan-
nulation without losing the trajectory is possible here. It has been reported that tra-
cheostomy is done ‘almost always’ done in 39% and ‘usually done’ in 30% cases of 
uncomplicated free flap reconstruction in British maxillofacial units [10]. But 

Table 35.1 Indications for ICU admission in head and neck oncosurgeries

Medical indications Surgeries
1.  Respiratory failure requiring ventilatory support
2.  Organ failure due to underlying co-morbidities 

requiring support
3.  Reversible organ decompensation due to 

co-morbidities requiring critical care 
consultation

4.  Hemodynamic instability
5.  Need for diagnostic or therapeutic bronchoscopy 

due to pulmonary insufficiency or infection

1.  Total thyroidectomy
2.  Total laryngectomy with cervical 

emptying
3.  Partial laryngectomy
4.  Total/partial glossectomy plus 

cervical dissection
5.  Transoral robotic surgery
6.  Reconstructive flap surgery
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tracheostomy can be associated with complications such as tube obstruction, lower 
respiratory tract infection, airway scarring, delayed oral intake, respiratory arrest 
[11, 12]. It is also a predictor of major post-operative complications and length of 
hospital stay [13]. Of late, many centers are avoiding elective tracheostomy in head 
and neck free flap reconstruction. In case of airway emergency in tracheostomized 
and laryngectomy patients, multidisciplinary guidelines for the management of 
such cases is available that can be followed [14] These guidelines advocate the pres-
ence of patent airway “green bed-head” sign at the bed head of tracheostomized 
patients and ‘green algorithm’ to be followed in the event of airway emergency. 
Similarly, “red bed-head” sign should be present at the bed head of laryngectomy 
patients and to follow ‘red algorithm’ for airway emergency.

In intubated patients shifted to ICU, the key issue is to determine the ideal time 
for extubation although there is paucity of literature suggesting the ideal time [15]. 
There are two schools of thought with one school preferring delayed extubation in 
maxillo-facial surgeries due to difficulty in determining the degree of post-operative 
inflammation and post-operative complications while the fast tract school preferring 
‘early extubation’ by the use of multi-modal approach thereby avoiding prolonged 
intubation. But the latter technique is to be adopted only by highly competent spe-
cialized teams [16]. In head and neck reconstructive surgeries, planned postopera-
tive intubation and mechanical ventilation has been followed routinely so as to 
allow the airway edema to subside and allow airway stabilization although it could 
lead to difficult weaning, ventilator associated pneumonia and respiratory insuffi-
ciency [17]. In addition, post-operative sedation can reduce the systemic blood pres-
sure leading to reduction in flap perfusion pressure. It has been noted that immediate 
extubation after head and neck surgery can reduce the length of ICU stay without 
causing wound complications or affecting flap [18]. T.  Singh et  al. conducted a 
study to review the difference in outcomes in a group of 78 patients who had under-
gone tracheostomy(25 patients) or delayed extubation (53 patients with extubation 
24–47 h after surgery) following microvascular free flap reconstruction for maxil-
lofacial pathology [11]. The authors reported no difference in the duration of ICU 
stay between the groups but the length of overall hospital stay significantly pro-
longed in tracheostomy group (27.2 days) than in delayed extubation group (20.4 
days, P = .03). 12% (3 patients) with tracheostomy developed serious complications 
related to the procedure that included cardiorespiratory arrest due to tracheostomy 
tube obstruction. In the delayed extubation group only one patient required a 
delayed (secondary) tracheostomy for persistent airway edema with failed delayed 
extubation (2%), and other two had a tracheostomy for other reasons (4%). 94% of 
patients in delayed extubation group did not require tracheostomy later. So, they 
reported that delayed extubation is safer in free flap reconstruction with unilateral 
neck dissection with good lung function and no obstructive sleep apnoea(OSA). 
Tracheostomy is to be preferred in oral resection or oropharyngeal resection with 
bilateral neck dissection or when additional access procedure is required. Presence 
of patient related risk factors such as OSA, obesity, poor lung function and difficult 
re-intubation may also require tracheostomy. This has been suggested in an algo-
rithm by the authors.

35 Post-surgical Care in Head and Neck Cancer Patients



426

So, immediate extubation or delayed extubation or tracheostomy should be indi-
vidualized based on patient related factors, surgical factors, expertise of the anesthe-
siologist, available resources.

35.4  Analgesia and Sedation

Head and neck resections involve larger resections with prolonged operative times 
and many of these patients could be on pre-operative opioids for pain management 
which makes the pain management challenging in the post-operative period. In 
addition, the standard daily procedures such as mobilization, aspiration of secre-
tions in tracheostomized patients, healing of wounds, etc. can also cause pain. 
Inadequately controlled pain can prolong the recovery and lead to pulmonary, car-
diac complications, reduced mobility, persistent surgical pain, delayed wound heal-
ing. Hence, pain management is essential to reduce complications and promote 
recovery. If early extubation has not been planned, appropriate analgo-sedation is to 
be provided. Patient controlled analgesia (PCA) using morphine has been found to 
be beneficial [19]. Multi-modal analgesia using opioid sparing drugs such as 
paracetamol, NSAIDS, gabapentin, dexamethasone, α-2 agonists, iv lidocaine, acet-
aminophen, ketamine and using opioids as rescue analgesics helps to reduce the 
adverse effects of opioids and hasten the recovery [20].

Various pain scales can be used to monitor the level of analgesia based on the 
factors such as ability to communicate. In patients who can self-report the pain, 
Numeric rating scale (NRS) which has been visually enlarged has been determined 
to be the most valid scale for use in ICU patients [21]. Behavioral Pain Scale (BPS) 
and Critical Care Pain Observation Tool (CPOT) are the two validated pain behav-
iour scales used in patients unable to communicate [22–24]. Richmond Agitation 
Sedation Scale (RASS) can be used to determine the level of sedation in ICU 
patients.

35.5  Skin Graft Care

Securing the micro-vascular anastomosis is the main goal of free flap reconstruc-
tion. Intensive monitoring of the graft by serial assessment for 24–48 h is required 
as it has been noted that most complications occur in this period [25]. Early recogni-
tion of compromised flap perfusion would help in early intervention so as to maxi-
mise the chance of flap viability. Bed side clinical examination for capillary refill, 
temperature, flap colour and pin prick test can be performed usually hourly for the 
first 24 h can be performed to assess the graft patency and it can be complemented 
by using colour Doppler [26]. Other techniques such as microdialysis, fluorescence 
angiography, implantable Doppler, pO2 monitors, video-based application 
(Eulerian), Near Infrared Spectroscopy (NIRS), contrast enhanced duplex can also 
be used to monitor flap perfusion but they are expensive and require expertise. 
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Amongst these, implantable arterial Doppler has more data demonstrating efficacy, 
lower false positive rates with low flow variability [27]. Studies have demonstrated 
the beneficial effect of improved salvage rates and decreased flap losses as regional 
oxygen saturation drops earlier than change in flap colour which can be detected by 
these techniques [28, 29]. The head should be maintained in a neutral position in the 
frontal plane avoiding flexion or lateralization that can compress the graft.

35.6  Fluid Therapy

Optimal fluid therapy so as to maintain normovolemia and normotension should be 
the goal in post-surgical patients. Hypervolemia can lead to tissue edema while 
hypovolemia can cause flap thrombosis. ERAS programs advocate maintenance of 
near zero balance which is to maintain the preoperative weight in the immediate 
perioperative period, or goal directed fluid therapy [30]. Hence, tissue perfusion and 
efficient central hemodynamics should be the target avoiding positive net balance. 
Goal directed fluid therapy is based on fluid responsiveness which can be deter-
mined by cardiac output, stroke volume, or pulse pressure variation [31, 32]. This 
can be achieved by pushing the patient’s blood toward the peak of the Frank Starling 
curve so that cardiac output and thereby oxygen delivery is maximized, both of 
which can be measured invasively with an arterial line, semi-invasively using 
Doppler, or noninvasively using bioreactance technology [33, 34]. If hypotension 
continues despite adequate fluid resuscitation, vasoactive support with vasopressors 
may be necessary to ensure adequate perfusion pressure especially in reconstructive 
flap surgeries as its success depends on continuous arterial and venous flow until 
neovascularization [35]. But the use of vasoconstrictors in flap surgery is controver-
sial as animal studies have shown evidence of vasoconstriction in microcirculation 
[36] though it has been reported to not affect the flap outcome in head and neck [37] 
as well as microsurgeries [38]. An alternative to the use of vasoconstrictors is ino-
tropes such as dobutamine can increase the mean and maximum blood flow through 
arterial anastomosis in head and neck surgery [39]. It is imperative to maintain a 
target mean arterial pressure of 70 mmHg particularly in flap surgeries.

The choice of fluid between crystalloids vs. colloids is still an ongoing debate. 
Theoretically, colloids are better than crystalloids as they have a longer plasma half- 
life and higher plasma expansion capacity but can prolong the clotting time and 
cause kidney injury. The ratio of the cumulative dose of colloids over the cumulative 
dose of crystalloids has been shown to be ranging roughly from 0.41 to 1 [40]. 
Although limited studies have compared the effects of crystalloids vs. colloids for 
volume therapy in major surgery, these studies have shown lower IV fluid volume 
requirement with colloid-based resuscitation (ratio around 1.6:1) without signifi-
cant difference in clinical outcomes [41, 42]. Isotonic balanced crystalloids are pre-
ferred for maintenance therapy as 0.9% saline has been associated with 
hyperchloremic metabolic acidosis and acute renal injury [43]. Hence, fluid therapy 
has to be individualized and reassessed periodically.
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35.7  Nutrition

The head and neck cancer patients might be nutritionally depleted prior to surgery 
increasing the risk of sepsis, poor wound healing, wound infections, muscle weak-
ness, cardiac and pulmonary complications in the post-operative period [44]. 
Resumption of oral diet in the post-operative period might also be delayed due to 
the presence of swelling, swallowing impairment further affecting the nutrition. The 
extent of surgical resection and reconstruction after head and neck surgery has an 
impact on the degree of functional deficit which in-turn affects the nutrition in the 
post-operative period. Few patients might be able to resume oral intake while others 
might have to placed nil by mouth in whom enteral nutritional support is indicated. 
ESPEN guidelines recommend early initiation of nasogastric tube feeding (within 
24  h) in such patients where oral feed cannot be resumed immediately and oral 
nutrition would be inadequate (<50%) for >7 days [45]. But the risk of wound 
dehiscence, fistula, aspiration should be carefully evaluated. There are studies that 
have compared early initiation (prior to post-operative day 6) of oral intake vs. late 
(postoperative day 6 or later) oral intake and have reported reduced duration of 
hospital stay without any increase in morbidity or adverse outcome in the early oral 
intake group [46, 47]. It has been seen that early resumption of oral feeding after 
primary total laryngectomy (from as early as 1 day post-surgery to 7 days) can 
reduce the length of stay with no difference in fistulae rates compared with delayed 
oral feeding of >7 days [48].

Standard polymeric enteral feed started slowly at a rate of 20 ml/h and increased 
gradually has been recommended [45]. Parenteral nutrition needs to be initiated 
only in the absence of normal gut function and/or enteral access is not possible and 
published guidelines can be followed to guide the practice [49].

35.8  DVT Prophylaxis

Recent studies have reported that head and neck surgical patients have considerably 
higher rates of venous thromboembolism (VTE) of nearly 20% in the highest-risk 
subgroups although historically it was believed that head and neck surgeries were 
low risk for VTE [50]. It has been noted that VTE in the post-operative period is 
associated with an increased length of hospital stay by more than 5 days and 6.56% 
excess mortality rate in patients undergoing oncological procedures [51]. The pres-
ence of risk factors such as malignancy, pulmonary co-morbidity, large and com-
plex surgeries, advanced age, male sex, obesity (BMI > 25) contribute to increased 
risk in these group of patients. But a major concern in using antithrombotic agents 
in these patients is the risk of post-surgical hemorrhage can have profound conse-
quences including loss of airway, cardiorespiratory arrest, compression of vascu-
lar anastomosis by hematoma following microvascular reconstruction. Hence the 
risk- benefit ratio for using anticoagulants is not so favourable in head and neck 
cancer surgery. Use of pharmacological prophylaxis has shown a significant reduc-
tion in VTE in patients undergoing head and neck cancer surgery with free flap 
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reconstruction though an increase in bleeding complications has also been noted 
[50, 52]. Hence, anticoagulant use should be individualized based on the risk of 
both VTE and bleeding. Use of risk assessment models like the Caprini RAM may 
be useful to identify high risk patients who are likely to be benefitted from chemo-
prophylaxis. Chemoprophylaxis has been recommended in patients with Caprini 
score of 5–6 and dual prophylaxis (chemo and mechanical) in patients with Caprini 
score of 7 or more [53]. NICE guidelines recommend the use of pharmacologi-
cal thromboprophylaxis for a minimum of 7 days in patients undergoing oral and 
maxillofacial surgery in patients in whom the VTE risk outweighs the bleeding risk. 
Mechanical thromboprophylaxis in the form of intermittent pneumatic compres-
sion, anti-embolism stockings can be used when the risk of bleeding is high [54]. 
ASCO guidelines also recommend pharmacological thromboprophylaxis in patients 
with malignancy undergoing major surgery with either LMWH or UFH in the pre- 
operative period unless contraindicated and it should be continued for 7–10 days in 
the post-operative period. Mechanical prophylaxis can be added to pharmacological 
prophylaxis but should not be used as a monotherapy unless pharmacological pro-
phylaxis is contra-indicated. Dual therapy may be used in high-risk patients [55].

35.9  Miscellaneous Care

 1. Rehabilitation is an important component following head and neck surgeries. 
Early initiation of speech therapy (day 2 of surgery) as well as swallowing exer-
cises (day 4 of surgery) has been recommended [56]. In order to improve swal-
lowing, interventions that target specific physiological deficits and volitional 
control can be started so as to compensate for the changes to the anatomy and 
physiology and reduce the risk of aspiration, malnutrition as well as improve the 
quality of life. Few such intervention include postures such as chin tuck, head 
turn to reduce aspiration, maneuvres such as supraglottic swallow, Mendelsohn, 
therapeutic exercises such as thermal tactile stimulation, range of motion to 
name a few [57]. Post-operative pulmonary physical therapy helps to reduce the 
pulmonary complications, reduce the secretions and reduce the length of hospi-
tal stay. It includes incentive spirometry, intermittent positive pressure breathing, 
deep breathing exercises.

 2. Perioperative antibiotic therapy
The reported incidence of surgical site infection (SSI) in clean head and neck (H 
and N) surgical procedures without antimicrobial prophylaxis is <1% as com-
pared to 24–48% infection rates in complicated H&N cancer surgical patients 
without antimicrobial prophylaxis [58–61]. Risk factors such as poor nutrition, 
advanced age, diabetes mellitus, anemia, peripheral vascular disease, pre- 
operative chemotherapy and radiotherapy, long duration surgery, use of metal 
screws and plates predispose to higher risk of infection in head and neck cancer 
patients [62–65]. However, rational use should be encouraged due to the risk of 
development of antibiotic resistance by the bacteria by indiscriminate use of 
antibiotics.
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YO-IFOS head and neck study group (Young Otolaryngologist Group of the 
International Federation of Otolaryngologic Societies) have provided a few rec-
ommendations for perioperative antibiotic prophylaxis in head and neck surgery 
[66]. In clean surgeries such as thyroidectomy, parotidectomy, parathyroidec-
tomy antibiotic coverage is not recommended in the perioperative period 
although nutritional status, surgical safety, co-morbidities should be taken into 
consideration. Antibiotic use may be considered in neck dissection. In surgeries 
of oral cavity, oropharynx, nasopharynx, hypopharynx, larynx along with neck 
dissection (clean contaminated head and neck surgeries) where aero-digestive 
tract is entered antibiotics should be administered for at least 24 h. Clindamycin 
monotherapy as prophylaxis in patients with true allergy to beta lactam antibiot-
ics should be avoided. Antibiotic prophylaxis including gram negative coverage 
for at least 24 h is recommended in major H&N reconstruction and microvascu-
lar free flap reconstruction. The antibiotic chosen should be based on the micro-
bial flora and the resistance profile of the hospital.

A systematic review (39 studies) and meta-analyses (5 trials) by Vander 
Porten V reported the beneficial effects of cefazolin, ampicillin-sulbactum, 
amoxycillin-clavulanate administered for 24–48 h following clean contaminated 
head and neck surgery in preventing surgical site infection. Clindamycin and 
Benzylpenicillin were less effective. Antibiotic prophylaxis for >48 h did not 
further reduce the rate of wound infection [67].

35.10  Management of Post-surgical Complications

 1. Post-operative hemorrhage
Post-operative hemorrhage should be rapidly recognized and treated. The pres-
ence of cervicofacial vascularization and major cervical vessels can make 
homeostasis insufficient in head and neck region. Patients with previous history 
of surgery or irradiation to the neck are at a higher risk for bleeding due to fibro-
sis, vessel wall abnormalities and lack of plane of dissection. Antiplatelets and 
anticoagulants also increase the bleeding risk. Postoperative hemorrhage can be 
graded as minor, intermediate, major, or severe based on the quantity of blood 
loss, type of surgical management required, development of life-threatening 
complications or need for emergent life-saving intervention [68]. Minor hemor-
rhage is presence of bright red blood or blood clots that can be treated without 
operative management. Intermediate grade is presence of diffuse venous oozing 
or small arterial source bleeding resulting in operating room evaluation or inter-
vention and managed with monopolar or bipolar cautery. Brisk or copious bleed-
ing requiring operative intervention in the form of transoral or transcervical 
vessel ligation, or interventional radiology embolization is major bleeding. 
Severe bleeding results in life-threatening medical complications such as: 
Hypoxia/airway compromise requiring tracheostomy, Cardiopulmonary arrest 
and presents with hemodynamic instability requiring blood transfusion [68].
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Airway, breathing and circulation must be carefully assessed. The hemogram, 
coagulation status, lactate level of the patient must be obtained. Hemodynamic 
status must be carefully monitored. Fluid resuscitation with crystalloids must be 
done. Transfusion of blood and blood products might be required in some 
patients.

 2. Post-operative hematoma
Postoperative hematoma is a dreaded complication following head and neck sur-
gery. The overall incidence of postoperative neck hematoma has been reported 
as 3.4% which can result in 540% increased odds of death (P < .001) , additional 
length of stay of 5.14 days (P < .001) and excess cost and $17,887.40 (P < .001) 
[69]. Pre-existing coagulopathy, male gender, black race, presence of ≥4 comor-
bidities (e.g., renal insufficiency, diabetes, coronary disease, hypertension) are 
some of the risk factors for post-operative hematoma [69]. Acute airway com-
promise can occur due to expanding post-operative hematoma necessitating 
evacuation of hematoma and either surgical or endotracheal airway manage-
ment. It can also compromise the vitality of the microvascular flap.

Early symptoms and signs of hematoma include increased neck pain, asym-
metry of the neck, increase in neck circumference, change in drain output, voice 
change, tightness and discoloration of the neck, hypertension. Late symptoms 
and signs include dysphagia, odynophagia, drooling of saliva, facial edema, 
tongue edema, tracheal deviation, breathlessness, stridor, agitation, tachycardia.

Supportive measures include head end elevation, 100% oxygen, iv steroids, 
nebulization with racemic epinephrine and administration of heliox. Surgical 
team should be informed for evaluation and management. An experienced per-
sonnel with airway expertise should attempt intubation. Difficult airway cart and 
Trach equipment should be available bed-side. Flexible fiberoptic nasopharyngo- 
video- laryngoscopy using a 6 mm scope (for adults) or 1.99 mm (pediatrics) can 
be helpful to identify displacement of the larynx, degree of laryngeal edema, 
location, and size of any mass although there could be a risk of complete airway 
collapse in these patients requiring caution. Immediate management by opening 
the suture line and evacuating the hematoma may be attempted in the absence of 
the surgeon to prevent and/or relieve total airway obstruction. Total airway col-
lapse requires immediate surgical cricothyroidotomy to re-establish a patent air-
way due to completely swollen neck with distorted landmarks [70]. Once stable 
patient may be shifted to OR for definitive hemostasis.

Answering four questions—what is to be done? When? Where? And How? 
may help in the critical management of these patients [71].

 (a) What is to be done ?—Opening the suture line, hematoma evacuation, intu-
bation, awake fiberoptic evaluation of the airway are the options and the 
involved personnel must decide upon these options.

 (b) When?—Act without delay or await the arrival of surgeon are the options
 (c) Where?—Operating room, ICU, Emergency Department, bedside on 

the ward
 (d) How?—Awake vs. under general anesthesia? If asleep: Intravenous vs. inha-

lational induction?
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35.11  Conclusion

Head and neck cancer post-operative patients can pose unique challenges in the ICU 
requiring close monitoring for early recognition and prompt management so as to 
improve the surgical outcomes and reduce morbidity and mortality. Team effort by 
the anesthesiologists, surgical oncologists, physiotherapist, nutritionist, speech 
therapist can help to improve the outcome and reduce the complication rates.
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36.1  Introduction

The perioperative management of thoracic oncological surgical patients always 
poses a challenging task to the critical care physician. In addition to the primary 
pathology and the complications associated with it, most of these patients have 
additional factors, which play a crucial role in the surgical outcome. These patients 
are often smokers and elderly with co-morbidities like hypertension, diabetes mel-
litus, coronary arterial disease, renal insufficiency, and chronic obstructive pulmo-
nary disease (COPD) [1]. Besides, patients with lesions in the lungs and oesophagus, 
have poor nutritional status and diminished respiratory reserve even in the preopera-
tive period, which is further compromised in the post-surgical period affecting the 
outcome. With the advancement in surgical techniques like minimally invasive pro-
cedures and shift of anaesthetic technique towards fast track protocol, sicker patients 
are getting operated on recently [2]. Even though the postoperative complications 
associated with thoracic surgery is higher (1–37%) when compared to abdominal 
surgeries (5–15%) [3], with better risk stratification and modification in the preop-
erative period and excellent intraoperative and postoperative care in the intensive 
care unit (ICU), a better outcome can be achieved in these patients.

In this chapter, we will discuss the basic surgical concerns and post-operative 
care and monitoring of patients undergoing thoracic surgery along with immediate 
complications and their management.
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36.2  General Concerns in Postoperative Management 
of Thoracic Surgical Patients

Thoracic surgeries are complex surgeries performed for various lesions involving 
lungs and other mediastinal structures like the trachea, bronchus, oesophagus, and 
various intrathoracic soft tissues. Neoplastic diseases forms the major bulk of sur-
geries involving these structures particularly the lungs. In addition to the routine 
postoperative complications like pain, nausea, vomiting, airway irritation associated 
with tracheal intubation, the necessity of one lung ventilation in these surgeries and 
preoperative compromise in the respiratory functions due to the primary pathology 
complicates the postoperative course in these patients. The increase in the number 
of video assisted thoracoscopy surgery (VATS) and mediastinoscopy procedures 
have increased the need for one lung ventilation even in patients who do not require 
the same in traditional thoracotomy surgeries [4].

As mentioned earlier, the introduction of minimally invasive thoracic surgeries 
and fast track anaesthesia protocol has reduced the surgical aggressiveness and 
facilitates early postoperative recovery in these patients [2]. Similarly the use of 
staplers and glues has brought down the incidence of air leaks and reduced the over-
all hospital and ICU stay [5]. Optimization of factors like smoking cessation [6], 
preoperative education and physiotherapy [7] has shown to reduce the morbidities 
mortalities associated with these surgeries.

Despite of all the advancements in patient care, the postoperative mortality of 
this group of patients remains high in the range of 2–5% with cardiopulmonary 
morbidity around 20–40% [8], indicating the importance of ICU care in these 
patients. The decision regarding the need of ICU care in these patients can be pre-
dicted based on preoperative patient risk factors like age, frailty score, American 
Society of Anaesthesiologist (ASA) physical status, thoracic revised cardiac risk 
index and intra-operative factors like the extent of lung resection, blood loss and 
injury to the adjacent structures [9].

36.3  Intensive Care Management

An intensive cardiorespiratory monitoring, adequate pain control, proper fluid and 
electrolyte management along with prevention, early detection and treatment of 
complications forms the basic elements in the ICU management of these patients. 
The prognosis of these patients mainly depends on the management of the acute 
physiological process, which leads to ICU admission rather than the primary pathol-
ogy itself [10]. Hence an aggressive approach towards these patients in the ICU may 
lead to a better ICU discharge rate.
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36.4  Monitoring in ICU

In addition to the standard ASA monitoring in the postoperative period which 
includes an electrocardiogram, heart rate, blood pressure and oxygen saturation 
using pulse oximetry, these patients require additional monitoring like continuous 
blood pressure monitoring using invasive methods particularly in patients who 
require inotropic or vasopressor support for hemodynamic stability. Serum electro-
lyte and respiratory gases status should be monitored frequently using arterial blood 
gas (ABG) analysis, chest X-ray for assessment of postoperative lung and pleural 
space status along with hourly urine output and overall balance needs to be moni-
tored. This monitoring can be achieved by the placement of invasive arterial line, a 
central venous catheter (CVC) and Foley’s catheter, most of which would have been 
placed already in the operating room.

The monitoring of airway pressures along with the inspiratory and expiratory 
volume from the pressure-volume loop in the ventilator are also necessary for early 
detection and treatment of any significant bronchospasms or air leaks.

36.5  Pain Management

Adequate pain relief is essential in the postoperative period for better chest physio-
therapy and early patient mobilization, both of which play a crucial role in the pre-
vention of alveolar atelectasis and superadded secondary infections. Regular 
monitoring of pain should be done using various validated scores and goals should 
be established for adequate pain management purposes. Nowadays multi modal 
analgesia has become the norm in pain management and it should be tailored to the 
individual patient characteristics. There is a huge shift in the last two decades where 
local analgesia and anesthesia techniques like thoracic epidural and paravertebral 
blocks using opioids and local anaesthetics respectively have replaced the tradi-
tional technique of high dose intravenous (IV) opioids, thereby reducing the com-
plications associated with the IV opioids [11].

The segmental blocks achieved using local anaesthetic and opioid in the thoracic 
epidural technique has shown to be the only way in which adequate pain control can 
be achieved without affecting much of the motor and sympathetic functions thereby 
aiding in the preservation of good conscious level and cough reflex helping the fast 
recovery of respiratory function [12]. Paravertebral blocks can be achieved either in 
the preoperative period or in the postoperative period after the completion of sur-
gery where the catheter is placed in the paravertebral space either by the anaesthe-
siologist or surgeon to achieve the same benefits as epidural blocks. The ability to 
achieve unilateral analgesia makes paravertebral block preferable in surgeries where 
the pain afferents originate predominately from one side of the thorax [13].
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Despite known side effects like nausea, vomiting, pruritus, constipation, urinary 
retention and respiratory depression, systemic opioids still plays a major role in pain 
management of these patients due to its high efficacy. Mostly, systemic opioids are 
used in adjunct with other modalities or as patient controlled analgesia (PCA) tech-
niques. Other techniques like intrathecal, intra pleural, intercostal and cryoanalgesia 
are used in less frequency due to the limitations associated with it like short duration 
of action or less efficacy in postoperative analgesia [4].

36.6  Care of Intercostal Catheters

The management of intercostal catheters is one unique knowledge a physician 
should know in the effective management of these patients [14]. The use of single 
drainage instead of multiple individual drains is favoured nowadays due to less pain 
in the former methods [15]. These catheters serve for two purposes, monitoring for 
bleeding and to assess for air leak [3]. Even though there is no consensus on the 
duration of keeping these drainage catheters most of the centers remove them within 
first 24 h. Despite various meta-analysis and randomized studies, there are no estab-
lished guidelines concerning the optimal negative pressure attached to these drain-
age systems. Negative suction to the catheters plays a vital role in patients who 
underwent pleurodesis with talc as it helps in the approximation of parietal and 
visceral pleura. In case of persistent air leakage, a portable Heimleikh valve con-
tainer can be used which helps in early ambulation and even discharge of the 
patient [3].

36.7  Fluid and Electrolyte Management

The liberal use of fluids in these patients, particularly in lung resection procedures, 
is associated with acute lung injury and pulmonary oedema. Fluid status should be 
monitored strictly in these patients, not to over or under hydrate along with special 
attention to diuresis and renal function [16]. The right atrial pressure measured from 
the CVC if present and fluid status assessed from Inferior vena cava (IVC), left 
ventricular (LV), right ventricular (RV) end diastolic volumes using transthoracic 
echocardiogram (TTE) may help in better fluid management. Simultaneously, the 
lung can be scanned for the presence of B lines before administrating any fluid 
bolus. In general, maintenance fluid at the rate of 1–2 ml/kg/h both in the intra- and 
postoperative period with a target balance of less than 1.5 l positive over the first 
24 h is the norm in these patients particularly those undergoing lung resection sur-
gery. Inotropes or vasopressors should be considered for maintaining blood pressure 
and tissue perfusion, if the volume threshold is reached and required hemodynamic 
is not achieved [17]. Monitoring of electrolyte should be done regularly to prevent 
arrhythmias and hypotension, particularly when patients are on diuretic therapy or 
vasoactive drugs. This can be achieved either by serum biochemistry from the labo-
ratory or from the ABG analysis.
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36.8  Physiotherapy and Early Mobilization

The role of physiotherapy cannot be ignored in prevention of pulmonary insuffi-
ciency caused by infections, accumulation of secretions and pulmonary oedema. In 
addition to physiotherapy, bronchodilators, fluid restriction and tracheal toileting 
help in faster recovery of pulmonary function. Deep breathing and coughing exer-
cise along with incentive spirometry forms the major part of chest physiotherapy. 
Diuretics should be used if necessary and a low threshold to be kept for starting 
antibiotics, if infection is suspected even before the start of radiological deteriora-
tion [3].

Similarly, early mobilization reduces the incidence of infection, atelectasis and 
in addition it prevents the occurrence of deep vein thrombosis (DVT) in these 
patients.

36.9  Postoperative Ventilation, Weaning and Extubation

Unless there are known injury to the airway or lung parenchyma, most of these 
patients undergo uneventful weaning and extubation in ICU. Particular attention to 
be paid to those patients, who underwent thoracic surgery for removal of long stand-
ing intrathoracic mass, as there is possibility of tracheomalacia or bronchomalacia 
due to the prolonged mechanical effect of the benign mass and infiltrative nature of 
malignant masses [18]. Intubation in the intraoperative period also tricky in such 
patients. One should be ready with all the equipment needed for both the anticipated 
and unanticipated difficult mask ventilation and intubation [19]. In the authors insti-
tute, preoperative evaluation of the airway using flexible fiber-optic bronchoscope 
(FOB) and virtual or dynamic airway studies using multi detector CT scan [20] is 
done and intraoperatively the airway is secured using awake FOB guided intubation 
with flexometalic tracheal tube (TT). The main target is to place the TT tip distal to 
the point of maximal stenosis or compression in the airway. In cases where lung 
isolation is needed, the TT can be replaced with double lumen tube (DLT) using an 
airway exchange catheter (AEC). Occasionally, other methods of lung isolation 
techniques like bronchial blockers may be utilised [21]. Ideally, all the patients with 
intrathoracic masses which preclude securing the airway safely, should be operated 
in a setup where cardiopulmonary bypass (CPB) backup is available. In such cases, 
before inducing the patient, all the necessary steps like priming of bypass circuit, 
preparation of inguinal region for femoral cannulation should be ready to place the 
patient on CPB if the need arises either electively or in emergency basis.

In addition to the standard extubation criteria, these patients should be evaluated 
for laryngeal and diaphragmatic functions due to possibility of injury to the recur-
rent laryngeal nerve and phrenic nerve during the intraoperative course. This can be 
achieved using FOB and ultra-sonogram (USG) of the diaphragm respectively. In 
suspected cases of tracheomalacia, extubation can be done after placing an AEC in 
the trachea, so that in case of airway collapse, it can be secured by intubating with 
TT using the AEC as guidewire [22].
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36.10  Immediate Complications and Its Management

36.10.1  Postoperative Bleeding

Postoperative bleeding in these patients is rare with an incidence of 1–3% in open 
and <2% in VATS [23–26]. It may be due to either surgical causes like injury to lung 
parenchyma, peri-bronchial veins, bronchial arteries, thoracic wall vessels and mus-
cles or coagulopathy. Preoperative and immediate postoperative coagulation profile 
helps in anticipating and managing coagulopathy due to medical causes. Based on 
the coagulation profile and sonoclot values, medical bleeding can be managed with 
transfusion of fresh frozen plasmas, cryoprecipitate, platelet concentrates and factor 
VII. An intercostal drainage of more than 1000 ml in the first hour or more than 
200 ml/h for more than 3–4 h, after ruling out the medical coagulopathy, need to be 
re-explored [3]. Measurement of haematocrit of the chest drainage may help to rule 
out bleeding from lymphatic or serous drainage in stable patients with high chest 
drainage. In case of unstable patients with minimal or no drain output, chest X-ray, 
central venous pressure (CVP) and sonographic examination should be done to rule 
out occult haemorrhage in the thoracic cavity, which may require evacuation [27].

36.10.2  Cardiac Arrhythmias

Arrhythmias forms the major known cardiac complications in these patients with 
atrial fibrillation (AF) forming the major bulk followed by other tachyarrhythmia’s 
like supra ventricular tachycardia. The incidence of AF varies based on the surgical 
procedure from 10% in lobectomy to as high as 40% in pneumonectomy patients 
[28, 29]. It usually occurs in the 2nd and 3rd postoperative days [30] and various 
factors influence the occurrence of these arrhythmias which may be patiently related 
like age, pre-existing cardio respiratory illness, preoperative radiation history or 
surgical factors like type of pneumonectomy, anaesthetic agents used and bleeding 
severity [31, 32].

In hemodynamically unstable patients, new onset AF should be terminated using 
electrical cardioversion followed by chemical cardioversion. In the case of stable 
patients, chemical cardioversion will be sufficient [33]. During pharmacological 
treatment, the presence of patient co-morbidities and primary lung pathology should 
be considered, for example, amiodarone should be avoided in patients with severe 
lung parenchymal disease particularly in those who underwent right pneumonec-
tomy and in such cases, flecainide can be preferred [34]. Similarly, for rate control, 
selective β1 blocker like metoprolol or calcium channel blocker like diltiazem 
should be preferred in patients with moderate to severe COPD and broncho-
spasm [35].

If the AF persists more than 48 h or if it recurs, based on the CHA2DS2-VASc 
score, patients with more than or equal to 2 should be started on anticoagulation 
therapy for the prevention of stroke [36].
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36.10.3  Cardiac Ischemia

The incidence of cardiac ischemia and myocardial infarction in these patient ranges 
approximately 3% and 1.5% respectively [37]. Major thoracic surgeries are catego-
rized as high risk surgery as per the American College of Cardiology and American 
Heart Association guidelines and recommends preoperative cardiac evaluation in 
the presence of associated cardiac symptoms like unstable angina, severe valvular 
disease, decompensated heart failure and arrhythmia [38]. Such high risk patients 
should be monitored continuously with electrocardiogram for ST segment changes 
and with TTE for cardiac functions and change in the valvular lesion severity or new 
regional wall motion abnormality. Preoperative medications should be started as 
soon as possible with particular attention to the fluid management to prevent pulmo-
nary oedema [4].

36.10.4  Pulmonary Hypertension and Right Ventricular Failure

Pre-existing pulmonary pathology predisposes these patients for development of 
acute rise in pulmonary artery pressure particularly following right pneumonec-
tomy. Abrupt increase in the blood volume following pulmonary resection and pre- 
existing pulmonary vascular changes leads to pulmonary hypertension and right 
ventricular failure causing hemodynamic instability [1]. Such patients develop low 
cardiac output, high CVP, hepatic congestion and fall in urine output. Point of care 
TTE examination will show dilated RV with reduced RV stroke volume, under filled 
LV, Tricuspid regurgitation that can be used to measure pulmonary artery pressure 
(PAP) [39]. Reduced LV stroke volume may manifest as low blood pressure, which 
in turn compromise the coronary perfusion leading to cardiac ischemia. In the pres-
ence of patent foramen ovale (PFO), right to left shunt can occur leading to hypox-
emia and desaturation. This complication should be diagnosed and managed early 
to prevent the vicious cycle of deterioration. The initial step is to find an treat the 
correctable causes of increase in PAP like hypoxemia, hypercapnia, acidosis, pain 
and other factors which stimulate the sympathetic system. Volume management is 
critical in such situation as right ventricular volume overload may impair the left 
ventricular filling due to septal shifting and interventricular dependence. TTE and 
pulmonary artery catheter can help in such situations for effective preload manage-
ment. Right ventricular output can be optimized by using inotropic agents like mil-
rinone, dobutamine and epinephrine. Milrinone is preferred as it contributes to the 
reduction of PAP through its actions on phosphodiesterase (PDE)-3 enzymes. 
Systemic pressure should be maintained to prevent cardiac ischemia with the help 
of vasopressors like norepinephrine or vasopressin. Vasopressin is preferred over 
norepinephrine due to its lack of effect on pulmonary vasculature. Drugs like 
Sildenafil, inhaled epoprostenol and inhaled nitric oxide (NO) can be used to reduce 
the PVP until the pulmonary vasculature remodels to tolerate the increase in blood 
flow [40].
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Some patients, may exhibit refractory hypoxemia even in the absence of raised 
PAP, particular those who underwent right pneumonectomy. They exhibit platypnea 
and orthodeoxia, which gets relieved in supine position. This occurs due to medias-
tinal shift causing changes in the relationship between left atrium and right atrium 
and distorting the inter-atrial septum causing diversion of IVC flow towards 
PFO [41].

36.10.5  Pulmonary Oedema

The incidence of respiratory complication ranges from 5 to 14% in this group of 
patients [42–44]. Numerous reports have been published mentioning about a spe-
cific syndrome called post-pneumonectomy pulmonary oedema (PPO), which typi-
cally develops within 48  h of surgery with diffuse infiltration in chest X-ray 
consistent with pulmonary oedema but without any evidence of cardiogenic causes 
like LV failure or raised pulmonary wedge pressure [45–47]. The incidence of PPO 
is 2.5–4% [45].

The proposed mechanism of PPO is ischemic reperfusion injury and the injury 
produced by reactive oxygen species to the pulmonary capillaries [48]. Measures to 
reduce its occurrences includes, restricting total fluid balance to less than 20 ml/kg 
in first 24 h, no replacement for third space fluid loss, not targeting a urine output of 
>0.5 ml/kg/h, use of invasive monitoring for better assessment, use of vasopressors 
for maintaining tissue perfusion and blood pressure when required, avoiding hyper-
inflation of the residual lung, avoiding posture with the residual lung in dependent 
side for prolong period and regular chest X-ray for monitoring [4, 48].

PPO has a higher mortality rate of 50% even with adequate treatment with diuret-
ics, mechanical ventilation, nutritional support and adequate oxygenation. Inhaled 
NO and extra-corporeal membrane oxygenator support can be tried as last resort. 
NO at 10–20 parts per million has shown to reduce mortality to 30% in addition to 
other measures like early elective intubation, bronchoscopy and frequent postural 
changes [48].

36.10.6  Post-pneumonectomy Syndrome (PPS)

PPS is caused due to massive mediastinal shift leading to compression of the bron-
chus [49]. With the incidence of 1 in 640 [50], it occurs mostly in patients with 
right pneumonectomy [4]. In pneumonectomy patients, the mediastinum under-
goes counter-clockwise rotation leading to stretching, distortion and compression 
of the ipsilateral bronchus between the pulmonary artery anteriorly and the verte-
bral body posteriorly [49, 50]. Females and children are more prone to PPS due to 
the more elastic nature of their mediastinal tissues and softer airway [51]. Usually 
PPS manifests as recurrent respiratory infections, stridor and exertional dyspnoea. 
Once diagnosed, it is managed with surgical repositioning of the mediastinum by 
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placing saline filed silicone prosthesis in pneumonectomy space [52]. In inopera-
ble conditions and for acute stabilization of patients, an airway stent can be 
placed [51].

36.10.7  Injury to Adjacent Structures

Injuries to the intrathoracic structures can occur in any intra thoracic procedures like 
pleuro-pulmonary procedures, oesophageal, mediastinal and intra-pericardial and 
even in minimally invasive procedures like subclavian puncture [53, 54]. Injury to 
the thoracic duct causes chylothorax, which leads to loss of proteins, calories and 
fluids leading to nutritional deficiency, immunological dysfunction and dehydra-
tion, even respiratory compromise if not drained [55].

Postoperative air leak is one of the most common complications in these patients 
due to injury to the airway or alveoli. The majority of air leaks are alveolar air leaks, 
which can be managed with watchful waiting with continuous drainage. In case of 
broncho-pleural fistula, immediate treatment with surgical repair is needed to reduce 
postoperative morbidities [56].

Injury to the phrenic nerve and recurrent laryngeal nerve is possible particu-
larly in patients with extensive adhesions and in redo cases. Phrenic nerve injury 
may present with difficulty in weaning from ventilator and in post extubation 
patient it may presents with dyspnoea on exertion and exercise intolerance. It 
can be temporary or permanent. Permanent unilateral diaphragmatic palsy due 
to phrenic nerve injury is better managed with unilateral diaphragmatic plica-
tion [4, 57].

Patient with recurrent laryngeal nerve injury often have a weak and whispery 
voices and they have increased risk of aspiration and impaired ability to cough. 
Permanent damage should be managed with surgical procedures like medialization 
laryngoplasty [4, 57].

36.10.8  Infection

These patients are prone for developing surgical wound site infection and nosoco-
mial pneumonia. Antibiotic coverage should be started even before the surgical inci-
sion and continued until 3rd postoperative day unless the patient develops infection 
during ICU stay. Physiotherapy, early mobilization, adequate pain control and bron-
chodilators aid in faster recovery of these patients in the postoperative period 
thereby reducing the possibility of acquiring infection [58].

Other complications include cardiac herniation and tamponade, lobar torsion and 
gangrene, deep vein thrombosis and pulmonary thromboembolism, renal failure, 
strokes, gastrointestinal bleeding, stress ulcers, pressure sores, malnutrition, delir-
ium, and critical illness myopathy. These complications should be diagnosed early 
and managed aggressively for a better patient outcome.
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37Critical Care Management of Mediastinal 
Mass Surgery Patients

Minati Choudhury

Key Points
 1. Operated mediastinal mass (MM) patients may develop major airway and car-

diovascular compression.
 2. Preoperative understanding of the relation of the MM to the surrounding struc-

tures, their degree of invasiveness and preparation for possible postoperative 
complications are key to successful management.

 3. Availability of tube exchanger, fiberoptic intubation set, immediate availability 
of rigid bronchoscope, avoidance of muscle relaxant, positioning changes may 
avoid major respiratory catastrophes.

 4. Though it is essential to know pre-operative lung function tests, their role 
inpostoperative period is doubtful.

 5. Most of the treating team desires an analgesic technique that has acceptable 
safety profile, produces reasonable pain relief while supporting early rehabilita-
tion and physical recovery. A multimodal analgesic strategy is much in practice 
rather than any individual technique as stand-alone.

 6. These patients often prone for major bleeding, risk of superior-venacaval (SVC) 
syndrome, infection and cardiorespiratory disturbances.

 7. The effect of pre and postoperative radiotherapy and chemotherapy makes the 
management more critical.

 8. Antibiotic management and awareness about drug interaction is an important 
part of care.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_37&domain=pdf
https://doi.org/10.1007/978-981-16-9929-0_37#DOI


450

 9. Nutritional supplement, maintainance of bronchial hyegine and timely physio-
therapy is important for early recovery.

 10. Reporting of critical incidents, prior clarification about which incident to be 
reported can prevent and treat most of the post operative adverse events after 
MM surgery, thereby provide best outcome.

37.1  Introduction

The mediastinum is considered to be the most worried region of human body 
because it contains the vital organs. The patients with MM often presents the anaes-
thesiologist and critical care physician with a formidable challenge not only during 
intraoperative period, but also during their post surgery critical care unit (CRCU) 
stay. Bleeding, severe respiratory as well as cardiovascular complications including 
inability to resuscitate can ensue during postoperative period leading to a big burden 
on the management team. This chapter narrates the management of these high-risk 
patients in CRCU during their post surgical period. Aortic aneurysms, esophageal 
masses, cardiac tumors, spinal masses and lung tumors are not the part of this 
chapter.

37.2  Mediastinal Mass: A General View

Knowledge regarding the type of MM is important because their heterogenous 
pathology that may give rise to compression of surrounding structure and their 
sequel [1]. The CRCU management mainly depends upon the size and pathophysi-
ology of the mass (preoperative airway/cardiovascular compromise), surgical pro-
cedure involved, and extensiveness of surgery. Near fatal cardiac arrest also been 
reported in their post extubation period and CRCU stay inspite of a uneventful sur-
gery [2–5].

Primary MM are named depending on their location into anterior, middle or 
posterior mediastinum (Table 37.1). Thymoma, benign cysts and neurogenic tumors 
accounts for 60% of the lesions, while germ cell tumors, lymphomas and granulo-
matous diseases comprises of 30% of the lesions and the rest 10% are t vascular 
origin [5]. Sixty five % of symptomatic patients have malignant lesions, while 75% 
of aymptomatic patients have benign lesion.

On the view of postoperative complication, the patients are categorized in to 
three groups depending upon their preoperative characteristics. The low risk patients 
are usually asymptomatic or with mild symptoms but without postural symptoms or 
any radiological evidence of airway compromise. The patients under moderate risk 
category have mild to moderate postural symptoms with a radiological evidence of 
airway compression <50%; and thosewith severe postural symptoms, stridor or cya-
nosis and radiological evidence of airway compression >50%, SVC syndrome or 
pericardial effusion considered to be in severe risk category [1].
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Table 37.1 Classification/nomenclature of mediastinal mass

Position Benign Malignant
Superior 
mediastinum

Thymoma
Retrosternal goiter
Parathyroid adenoma

Malignant thyroid/
parathyroid mass

Anterior 
mediastinum

Thymus
1. Thymoma
2. Thymic cysts
3. Thymiclipoma
4. Thymic hyperplasia
Lymphnode
1. Benign nodal hyperplasia
2. Angioblastic lymphoid adenopathy
Cystic hygroma
Teratoid tumors
1. Dermoid cyst
Cardiovascular
1. Pericardial cyst
2. Aneurysm of ascending aorta
3. Benign cardiac tumors
Others
1. Pancreatic pseudocyst
2. Paraganglioma
3. Hemangioma
4. Tumors of vagus and phrenic nerve

Thymus
1. Thymic carcinoid
2. Thymic carcinoma
Lymphnode
1. Lymphoma
Teratoid tumors
1. Teratoma
2. Embryonalcell carcinoma
3. Mixed Germ cell tumor
4. Seminoma
Cardiovascular
1. Metastasis
2. Malignant cardiac tumors

Middle 
mediastinum

1. Benign bronchogenic cysts
2. Benign adenopathy
3. Hiatus hernia
4. Cardiac/vascular tumors
5. Benign mass of esophagus

Metastasis
1. Lymphoma
2.  Malignant mass of 

esophagus

Posterior 
mediastinum

Neoplasm
1. Paraganglioma
2. Lymphoma
3. Thyroid tumors
4. Hemangioma
5. Mesenchymal tumor
6. Vertebral tumor
Vascular
1.  Descending thoracic aortic 

pseudoaneurysm
2.  Pseudomeningocele
Abdominal
1. Retroperitoneal mass
2. Hernia of foramen of Bochdalek
Developmental
1. Neuroenteric cysts
2. Bronchogenic cysts
3. Extra lobar sequestration
Neurofibroma
Schwannoma
Chemodectoma
Others
1. Extramedullaryhematopoiesis
2. Lateral meningocele
3. Lymphoid hyperplasia
4. Paraspinus abscess

Neuroblastoma
Lymphoma

37 Critical Care Management of Mediastinal Mass Surgery Patients



452

Well-defined small mass usually have a smooth postoperative course and does 
not require admission in CRCU. However patients with large invasive mass, those 
with pressure symptoms, and systemic manifestations (e.g. myasthenia gravis- 
thymoma, carcinoid, hyrotoxicosis-benign/malignant thyroid tumors, paroxysmal 
hypertension-pheochromocytoma) behave differently and need additional care. 
Patients with a malignant mass often need prior chemotherapy (CT) and radiother-
apy (RT) to reduce the tumor size as well as thrombectomy and resection of adhered 
cardiovascular structures under CPB, require strict postoperative monitoring.

The intensity of postoperative care and complications also greately related to the 
mode of surgical approach and structures resected. The usual surgical approaches 
are: median sternotomy, thoracotomy, median sternotomy+thoracotomy, bilateral 
subcostal thoracotomy, inverse T incision of upper mediastinum, anterior-cervico- 
thoracic trans clavicularapproach, trans-manubrialosteomuscular sparing approach 
and high posterior thoracotomy [6, 7]. Some patients may need concomitant ana-
tomical resection of adjacent structures-including partial or complete removal of 
pericardium, wedge resection of lung, lobectomy, pneumonectomy, chest wall 
resection, diaphragm resection and oesophagectomy, SVC resection and recon-
struction, brachiocephalic vein resection, arterial resection (carotid/brachiocephalic 
artery) need strict postoperative monitoring and additional care. There is a report in 
which tracheal necrosis occurred in CRCU after extensive surgery with prosthetic 
replacement of SVC after resection of thyroid tumor. This patient was successfully 
treated by tracheostomy and omentopexy. Patients with giant tumors who have 
severe pre-operative compression of lung and great vessels or heart may develop 
reperfusion pulmonary edema after surgical reestablishment of flow to the pulmo-
nary parenchyma and myocardium.

37.3  Post-Operative Care and Management of Complication

The ideal approach is to start the care from preoperative period. Preoperative cessa-
tion of smoking 6 weeks preoperatively circumvents postoperative bronchorrhoea 
and promotes regeneration of cilia. Preoperative pulmonary rehabilitation, psycho-
therapy, physiotherapy, education regarding deep breathing, splinted coughing exer-
cises; prophylactic exercises for deep vein thrombosis (DVT) as well as shoulder 
exercises have an important role in recovery [8].

It is important to ensure that the CRCU team is aware of the patient’s procedure 
and possible time of arrival in the unit. It is always desirable to extubate the patient 
when he is fully awake. Patients who need cardiopulmonary bypass (CPB) for 
tumor resection require special attention in the post operative period due to add on 
problems secondary to CPB [9]. Box 37.1 depicts few of the post surgical 
complication.
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The patients with huge symptomatic MM have complex physical and emotional 
needs which is best met by a multidisciplinary team approach involving nursing, 
nutrition, physiological support, physical rehabilitation team, critical care physi-
cian, concerned anaesthesiologist and surgeon.

Sudden clinical deterioration may occur in few cases due to sudden haemor-
rhage, mediastinal mass syndrome, exacerabration of associated disease symptoms 
(e.g. myasthenia gravis) or complication of antitumor therapies. Early identification 
(Early warning symptoms) of at risk individuals would prove beneficial to facilitate 
early and appropriate discussion of treatment goals and ceilings of care. The most 
common earning signs those need attention are hypotension, tachycardia, tachy-
pnea, and sudden change in level of consciousness [10, 11]. According to most of 
the studies the early warning sign evidenced before 8 hrs in adults and 11 hrs in 
children.

Box 37.1 Complications of mediastinal mass resection

Respiratory
• Aspiration
• Atelectasis
• Hemorrhage
• Tracheomalasia
• Laryngospasm/bronchospasm
• Pneumonia
• Airleak
• Pulmonary embolism
• Pneumothorax, hemothorax
• Pleural effusion, emphysema, chylothorax
Cardiovascular
• Major vessel hemorrhage
• Ischemia
• Arrhythmia
• Cardiac tamponade
• Ventricular dysfunction and LCOS
• Cardiac herniation
• Heart failure
• Right to left intracardiac shunt
• Pulmonary edema
• Pulmonary thromboembolism
• Superior venacaval syndrome
Pain
• Wound infection
• Vascular prosthesis thrombosis
• Myocardial infarction
• CVA

Central nervous system
• Brain hemorrhage
• Stroke
Bleeding and coagulopathy
Gastro intestinal
• Hemorrhage
• Nutrition
• Esophageal perforation
• Ileus
Nerve injury
• Phrenic nerve
• Recurrent laryngeal nerve
Miscellaneous
• Multiorgan failure
• Tumor seeding of neck incision
• Sternal dehiscence
• Mediastinal mass syndrome
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37.3.1  Respiratory Problems and Care

Post surgery, patients in “low” risk category should be transferred to the postopera-
tive care unit where aim should be rapid extubation and minimal hemodynamic 
monitoring e.g. ECG, blood pressure and oxygen saturation for the first 24  hr. 
Patients who are in “moderate risk” category/where risk is “severe” (e.g. extended 
sternotomy/major thoracotomy) in spite of complete removal of the mass need 
CRCU admission and more aggressive hemodynamic and respiratory monitoring. 
The patients who underwent a diagnostic excision may have sudden respiratory or 
cardiovascular collapse during postoperative period so all the measures for airway 
and circulation management should be kept ready. The extubated patients with sat-
isfactory cardiorespiratory and normal neurological status can be moved from the 
recovery room [12].

Patients with prior chemo/radiotherapy required more strict monitoring because 
of more propensity for hemorrhage, airleak, surgical emphysema and pneumonia. 
The post operative respiratory complications are primarily related to tracheal com-
pressionof >50% on preoperative CT scan and a mixed (restrictive+obstructive) pic-
ture of abnormal pulmonary function.

Those with diagnosed tracheal compression who underwent video-assisted diag-
nostic biopsy and have an appropriate tube in situ from operating room (OR), need 
strict vigilance, adequate sedation and muscle relaxation to prevent accidental extu-
bation till a definite procedure is planned. A rigid bronchoscope set with appropriate 
size of endotracheal tube (ET) should be available in the emergency basis. If there 
is need for change of ET tube, it should be best done over a tube exchanger. The 
patient to be put in a “rescue” position (it is chosen on the basis of the anatomical 
relationship between the mass and compressive structure and improvement in symp-
toms of respiratory collapse in a particular position which may be upright sitted, 
prone or lateral decubitus) to prevent sudden respiratory collapse before securing 
the airway via the rigid bronchoscope with a single/double lumen endotracheal 
tube. Severe cardiovascular compromise and hypotension may occur during the 
time which may require rapid positional change/volume expansion/vasopressor or 
inotrope [13]. Some patients may be unresponsive and need emergency sternotomy 
to elevate the mass from compromised structures/CPB/ECMO to rescue.

Pneumonia, airway obstruction secondary to edema, and atelectasis are usually 
occurred within the first 48 hr. postoperatively. Patients with prior bleomycin ther-
apy have some degree of pulmonary damage. As prolong postoperative ventilation 
with high inspired oxygen concentration is detrimental in these patients, it is wise to 
keep inspired oxygen concentration as low as possible but compactable with reason-
able arterial saturation [14].

37.3.1.1  Airway Emergencies
Airway obstruction can occur at any part depending upon the extension of mass, 
postoperative edema or hemorrhage. Incidious development of hemorrhage can lead 
to unpredictable clinical deterioration. Sudden increase in airway pressure and 
blood in ET tube are the manifestation in a ventilated patient; and respiratory 
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distress, stridor, facial swelling and desaturation in an extubated one. A decrease in 
airwy diamer to at least 50% develops these symptoms. Prevention of aspiration is 
important in extubated patients and urgent intubation is necessary in them if volume 
is more e.g. >200 cc/hr. Any hemodynamic instability need to be treated simultane-
ously with transfusion or vasopressures depending upon the necessity. Place the 
patient in the dependent position to preserve the non bleeding lung from blood spill-
age or pooling. Identification of the site of bleeding by clinical suspicion/bronchos-
copy/CT followed by ballon tamponade/endobronchial ablation/surgical ligation of 
the bleeding vessel or emergent radiotherapy to the residual mass or embolization 
of pulmonary or bronchial vessels depending upon the cause. Do not forget that 
there is no optimal ventilator setting for massive hemoptysis. Keep the endoluminal 
ballon inflated for at least 24  hr. before assessing rebleeding. In case of non- 
availability of double lumen tube or bronchial blocker, bronchoscopy guided intu-
bation of non-bleeding lung is done till further measures are taken. As it is often 
difficult to oxygenate them with a bag-valve mask, a small size endotracheal tube is 
amenable in these cases. A surgical airway e.g. tracheostomy or cricothyrotomy is 
done in difficult scenario. It is better to avoid long acting sedatives and muscle 
relaxants for further assessment. Neck hematomas can be decompressed by needle 
aspiration or surgical clamping of the arterial bleed [15, 16].

37.3.1.2  Tracheomalacia
Usually occur in long standing masses and cause central airway obstruction in the 
postoperative period. Cough, stridor, wheezing and respiratory distress in a extu-
bated patient and low tidal volume delivery than set level in the ventilated patient 
are the manifestations. A larger diameter endotracheal tube overcome this problem. 
Paralyzing agents and heavy sedation can compromise the airway further and hence 
it is advisible to use paralytics as the last resort during intubation. Peroxygenation 
or addition of helium to oxygen may provide laminar flow thus act as a bridge to 
intubation [17].

37.3.1.3  Pneumothorax
The usual causes are: central venous catheter, a complication of mechanical ventila-
tion or tumor pleural involvement. Elevation of plateu pressure, hypoxemia or 
desaturation gives the clinical clue to diagnosis. Tension pneumothorax is a medical 
emergency that immediate decompensation after clinical suspicion. Water-seal 
chest tube drainage with a low-pressure suction is done the till reexansion of lung 
[18–20].

37.3.1.4  Brochopleural Fistula
Though rare can be a possibility. Suspicion arises in a patient with perstent pneumo-
thorax. Low tidal ventilation is the best preventive measure. Management includes 
low tidal ventilation (< 6 ml/kg) and close monitoring of auto-PEEP. In persistent 
cases, coiling, endobronchial stenting, injection of sclerosant or laser coagulation is 
applied [18–20].

37 Critical Care Management of Mediastinal Mass Surgery Patients



456

37.3.1.5  Pleural Effusion (PE)
Occurs especially in patients operated for extensive malignant masses. Seconary 
infection is another possibility. Correlating pleural fluid transamylase and lactate 
dehydrogenase with that of serum can differentiate exudative vs transudative 
PE. One should not forget the alternative causes such as heart failure, thromboem-
bolism, hypoalbuminemia and toxic effect of chemo or radiotherapy. The diagnosis 
confirmed by a X-ray chest or ultrasound. Chest tube drainage is the usual measure. 
Recurrent effusion and inadequately draining tubes may need pleurodesis or 
decortication.

37.3.1.6  Hemothorax
Intratoracic bleeding may occur in extensive mediastinal adhesion leading to 
increase chest tube drainage, respiratory distress and a convex pulmonary margin 
around the chest tube in chest radiography. Minimal bleeding is controlled by anti-
fifibrinolytis/transfusion of blood products. Massive hemothorax is managed by 
large bore chest tube drainage to overcome rapid clotting and blood transfusion at 
the same time. Bleeding>200  ml/hr/for 4  hrs/retained volume 500-ml/rapid- 
accumulation >1500 ml needs immediate re-exploration.

37.3.1.7  Mediastinal Emphysema
Though rare is a possibility in major resection. Subcutaneous emphysema is the 
usual manifestation in ventilated patients. Diagnosis is done with chest X-ray or 
computed tomography (CT). Most of the cases is managed with chest tube insertion.

37.3.1.8  Airleak
Airleak may occur in patients with co-existing emphysema or damage to lung dur-
ing surgery or barotrauma due to prolong ventilator support. It is considered to be 
abnormal if persists for more than 5 days. Presence of bubbles in the water seal 
chamber of drainage system suggests its [21]. Continuous leak lead to progressive 
subcutaneous or mediastinal emphysema, presenting as swollen eyes and swollen 
face. Early extubation reduces this complication to a significant extent by reducing 
intrapulmonary pressure. Some authors inject autologous blood, talc or other scle-
rosing agents to stop the persistent parenchymal leak. Insertion of pigtail catheter 
with Heimlich valve or intrabronchial valves is helpful.

37.3.1.9  Bronchospasm
Bronchospasm is common and mainly due to histamine release from opioid or aller-
gic response to other drugs as well as from tracheal secretion or suctioning. Inability 
to ventilate or decresed delivery of set tidal volume and hypoxemia or desaturation 
are the usual manifestations. Patients usually respond to inhaled bronchodilators or 
glucocorticoids.

37.3.1.10  Atelectasis
Atelectasis is common in patients who have prior chemo/radiotherapy and under-
gone extensive resection under CPB. Postoperative pain aggravate the situation in 
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extubated patients by interfering with deep breathing and coughing. Chest physio-
therapy, removal of secretion and continuous positive airway pressure (CPAP) or 
positive pressure ventilation improves the situation. Bronchoscopic guided removal 
of secretion is done in case of non-improvement.

37.3.1.11  Infectious Mediastinitis
Often fatal, observed after excision of a large adherent mass. Persuistent fever with-
out any identifiable cause, mediastinal edema and increased mediastinal fat attenu-
ation in MDCT is an important diagnostic clue. It should be treated with drainage of 
collections, debridement of necrotic tissue and antibiotic therapy.

37.3.1.12  Respiratory Failure
Most of the patients get extubated within first 6–8 hrs of surgery. Patients with atel-
ectasis, airway obstruction, pneumonia or aspiration may need prolong support.

37.3.2  Cardiovascular Care

37.3.2.1  Myocardial Ischemia and Hemodynamic Instability
Prolong compression of heart by a large mass may lead to coronary flow compro-
mise. It is also possibile in patients who underwent extensive resection and inter-
vention of cardiac structures e.g. reconstruction of right ventricular outflow tract, 
opening of cardiac chambers for removal of tumor emboli, massive blood loss, ane-
mia, hypothermia, pain or excessive use of inotropes. Though, there is no gold stan-
dard for bed side diagnosis; identification is usually based on ECG manifestations, 
hemodynamic instability, regional wall motion abnormality in echocardiography. 
Elevated creatinine kinase-MB or troponin-I are highly specific and diagnostic [22]. 
The key point in management is correction of underlying precipitating factors, ade-
quate oxygenation and ventilation, treatment of arrhythmias if any. In hemodynami-
cally stable patients, morphine, sublingual or intravenous infusion of nitroglycerine 
is helpful, hemodynamically unstable patients need an intraaortic ballon pump 
(IABP). Resistance cases need a cardiologist’s consultation for thrombolysis and 
further management [23]. Invasion of cardiac chambers or pulmonary and brachio-
cephalic vessels may need reconstruction of these parts using a clamp or prolong 
CPB. These patients need continued inotropic/vasopressor support to manage post-
operative hemodynamic instability.

Tumors involving aorta may need a stent insertion or a graft. These patients are 
prone for stroke, paraplegia, visceral ischemia, stent migration and infection in 
CRCU. Strict monitoring, timely diagnosis and intervention can decrease the mor-
bidity and mortality. Anticoagulants should be started in the immediate postopera-
tive period and continued till 3–6  months in case of SVC reconstruction by 
prosthesis. A dose titration is done under INR monitoring [24].
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37.3.2.2  Cardiac Herniation
Cardiac herniation may occur early during post operative period in patient who 
undergoes extensive resection of pericardium. Sudden hypotension without much 
change in HR, features of SVC obstruction, increase in pulmonary artery pressure 
and (PAP) and pulmonary capillary wedge pressure (PCWP) in combination with 
respiratory signs like wheezing, increased end-expiratory airway pressure and 
decrease in expiratory tidal volume are the warning signs. There may be ST-T, T 
wave changes. The extra pericardial myocardium becomes ischemic and edema-
tous; and if not reduced quickly can cause obstruction to ventricular flow leading to 
cardiac arrhythmia and cardiovascular collapse. A chest X-ray can confirm the her-
niation of the heart to the opposite hemithorax (spherical heart, displaced laterally, 
apex against the left chest wall and features of rotation of mediastinal structures. 
Immediate management includes: positioning of the patient (non-surgical site 
down), a reduction of tidal volume, and injection of air into surgical hemithorax (to 
reposition the heart temporarily. The patient may than shifted to the operating room 
in this position for an emergency thoracotomy and reposition of herniated heart into 
the pericardiac sac and repairing the defect of pericardium [25].

37.3.2.3  Arrhythmias
Arrhythmias, especially atrial fibrillation (AF), are the most common cardiac com-
plications after mediastinal surgery. The important risk factors can be patient related 
(older age, limited pulmonary reserve, pre-existing cardiovascular problem), sur-
gery related (anaesthetic agent, major bleeding, intrapericardial pneumonectomy), 
treatment related (previous thoracic radiation or ongoing chemotherapy), hypoxia, 
hypercarbia, acidosis or inadequate pain relief. AF with hemodynamic compromise 
is best managed with electrical cardioversion. In asymptomatic cases underlying 
causes need to be reversed first followed by pharmacotherapy. New onset AF are 
mostly transient and resolved by rate controlling agent. Selective beta blockers are 
the agent of choice in non-asmatics and diltiazem is reserved for those with active 
bronchospasm or COPD. Digoxin along with a betabloker acts well in some non- 
responsive cases. In case of continuous or paroxysmal recurrent AF amiodarone is 
the most reasonable drug. Amiodarone however is not given to the patient who have 
severe lung disease or pulmonary resection to some degree. Flecainide, disopyra-
mide, ibutide and propafenone, labetolol and sotalol are some other drugs, which 
have specific indications, merits and demerits in such cases. Patients with docu-
mented magnesium deficiency need the supplementation in the form of intravenous 
(IV) magnesium sulphate. Immediately. Some of the AF patients need additional 
anticoagulation therapy if have risk factors like prior stroke/transient ischemic 
attack, hypertension, left ventricular dysfunction or postoperative AF that lasts for 
more than 48 hrs. Aspirin 325 mg daily or warfarin is the suitable agents with the 
monitoring of INR.

37.3.2.4  Right to Left Intra Cardiac Shunt
Some 1–2% patients with persistent patent foramen ovale can develop a right to left 
intracardiac shunt with persistent hypoxia during post operative period; if there is an 
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associated decrease in RV compliance due to right lung intervention during the 
mass removal. Pulmonary thromboembolism (PTE), increased intrathoracic pres-
sure, COPD and positive pressure ventilation may lead to shunt reversal. A bedside 
diagnosis can be made from a arterial blood gas analysis, echocardiographay or a 
combination of both. The patient can be managed by intravascular occlusion of the 
defect in the cardiac catheterization lab or a surgical closure.

37.3.2.5  Ventricular Dysfunction and Low Cardiac Output 
Syndrome (LSOS)

Ventricular dysfunction and low cardiac output syndrome (LSOS) may be evident 
in first 48  hr in case of prolong surgery, long CPB and manipulation of cardiac 
structures. Seriel hemodynamic monitoring in combination with echocardiography 
can give rise to a definite diagnosis. Raised CVP in the presence of hypotension 
with nonrespondent to volume therapy is an indirect indication of right ventricular 
(RV) dysfunction. A compromised cardiac output (CO) with gradual increase in 
lactate is the usual manifestation in LCOS. Volume therapy, maintainance of normal 
hematocrit are the initial step followed by supplementation of inotropes/vasopres-
sors. An immediate decrease in HR or increase in venous oxygen saturation or blood 
pressure following volume administration indicate that preload reserve is present; 
whereas the lack of this response suggests that preload reserve is exhausted and the 
patient need an afterload reducing agent to improve CO. In brief dobutamine (5–10 
μgm/kg/hr) and epinephrine (0.05–1 μgm/kg/hr) are commonly used agent to 
improve preload and decrease systemic afterload. Milrinone, dopamine or nor- 
epinephrine in combination with nitroglycerine or sodium nitroprusside can be tried 
to improve the condition. Severe vasomotor paresis may occur which is nonrespon-
dent to routine inotropes and characterized by severe decreased in systemic vascular 
resistance and respond well to vasopressin. Mechanical circulatory support (ECMO) 
is considered in extreme cases [26].

37.3.2.6  Heart Failure
Though rare, may occur in patients with pre-existing ventricular dysfunction, 
COPD, PTE or cardiac herniation. The management is similar to that of any other 
heart failure case.

37.3.2.7  Pulmonary Edema
Lung damage during mass removal reduced lymphatic drainage 2ndry to extensive 
resection or accidental volume overload at any time post surgery and within 48 hr of 
pulmonary intervention are the contributory factors. Increase in peak airway pres-
sure, acute respiratory insufficiency, pink forthy secretion in endotracheal tube, low 
PCWP and diffuse infiltrate in X-ray chest are the usual manifestations. The therapy 
includes restriction of fluid, administration of diuretics, bronchodilators, mainte-
nance of adequate oxygenation and mechanical ventilation (in non-intubated 
patients) if necessary, high dose steroid and nutritional support. Extreme cases need 
inhaled nitric oxide and ECMO support.
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37.3.2.8  Cardiac Tamponade
Cardiac tamponade though rare, is a possibility. Persistent hypotension and rising 
CVP with fluid therapy and muffled heart sound indicates it’s presence. 
Echocardiography is diagnostic which shows impaired filling of RV because of 
increased pericardial pressure due to effusion. Treatment is urgent pericardiaocen-
tesis followed by removal of fluid or blood by a median subxiphoid sternotomy or 
thoracotomy.

37.3.2.9  Chylothorax
Injury of thoracic duct may occur during the procedure giving rise to chylothorax 
and subsequent loss of calories, fluids, proteins, malnutrition and subsequent dehy-
dration, immunologic dysfunction. Respiratory insufficiency may happen due to 
compressive effect. The management is mostly conservative and includes chest 
drain, replacement of nutrient loss by oral low fat medium chain triglycerides, use 
of somatostatin and octreotide to reduce flow of chyle in the thoracic duct and 
thereby providing time to heal. Total parenteral nutrition may further reduce the 
chyle flow. In uncontrolled cases, where more than 1.5 L/day in adult or 15 ml/kg /
day in child for more than 2  weeks, thoracic duct ligation or embolization is 
done [27].

37.3.2.10  Thromboembolism
Thromboembolism, either deep vein thrombosis (DVT)/PTE is precipitated by a 
general postoperative hypercoagulable state or in presence of a malignant mass. 
Prevention of DVT includes LMWH, elastic stockings and early ambulation. If not 
contraindicated, heparin (5000 IU subcutaneously twice daily) can be started preop-
eratively and continued till discharge. If there are signs of DVT, treatment dose of 
heparin infusion is started after a Doppler confirmation and an IVC filter is put if 
necessary. Peumatic compression device is advocated in high riskpatients. Direct 
oral anticoagulants also have equal role in the management.

Subclinical PTE with a normal chest X-ray occurs in some high-risk patients. 
High index of suspicion, visualization of thrombus in echocardiography gives a clue 
to diagnosis in ventilated patients. Pulmonary angiography and CT angiogram are 
the most common diagnostic techniques. In established PTE severe RV dilation and 
strain pattern may be visible in Echocardiography. Systemic anticoagulation or 
thrombolytic administration are the initial step of management. Refractory cases are 
tackled with catheter embolectomy or surgical embolectomy [28].

37.3.3  Management of Bleeding and Coagulopathy

Chest tubes should be watched for drainage and air leak. Even in the presence of 
bubbling suction should not be applied if chest X-ray is normal. A balanced drain-
age system is applied in case of additional lobectomy or pneumonectomy [drainage 
system is filled with one cm of liquid] and the drains are removed within 24 hr. In 
case of intervention to heart or great vessels or in the presence of persistent minimal 
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bubbling the drainage tubes to be kept for a longer time. In this case if the paren-
chyma is expanded without any suction a Heimlich valve container is attached for 
an early ambulation.

Bleeding and coagulopathy is mostly surgical. The main source of bleeding are: 
sternal wound, adhesions, peribronchial tissues, intercostal or other vessels e.g. 
SVC, aorta and pulmonaries, anastomotic sites and muscles. In some cases, bleed-
ing is asymptomatic, slow and develops clotted hemothorax and empyema leading 
to respiratory compromise. Sometimes a patient bleed without any apparent cause 
e.g. surgical bleeding, medication and with a normal or near normal coagulation 
profile. These patients are treated symptomatically with replacement of blood, FFP, 
platelets or cryoprecipitate depending upon the coagulation profile until the bleed-
ing stops. Patients with uncontrollable bleeding needs reoperations, which signifi-
cantly increase the morbidity and mortality with septicemia, shock and prolong 
ventilation. Chest tube drainage of 1000 ml in one hr. or 200/hr. for 4 hrs. Warrants 
return to the operating room for surgical intervention to control the bleeding. A 
hemodynamically unstable patient with low hematocrit and radio-opaque surgical 
site implies blockade of chest tubes [29]. Medications like antiplatelet agents, aspi-
rin in the post op period may also cause increase bleeding and corrected by FFP and 
vitamin K.

37.3.4  Nerve Injury

Phrenic nerve palsy in extubated patients manifested as shortness of breath and it 
became difficult to wean the intubated patient from ventilator. X-ray chest shows 
elevation of affected hemidiaphragm, which can further confirmed by fluoroscopy 
or ultrasound. Plication of hemidiaphragm improves the situation. Injury to recur-
rent laryngeal nerve 3.5(RLN) leads to ineffective cough and aspiration. This condi-
tion is diagnosed by laryngoscopy by observing the sluggish or absence motion of 
affected vocal cord. It is mostly temporary and pulmonary physiotherapy is advised 
to prevent aspiration. Medialisation laryngoplasty is done in extreme cases [30–32].

37.3.5  Pain Management

Acute pain following mediastinal surgery is multifactorial and usual contributory 
factors are: skin incision, damage to muscle group with extensive dissection, retrac-
tion of sternum or rib cage in thoracotomy, placement of chest drains, shoulder pain 
due to traction induced neural injury, sternal wire placement, acute intercostal neu-
ritis, damage to costovertebral ligament, anxiety as well as the underlying neuro- 
hormonal changes due to the disease itself. The management is most often 
challenging and insufficient pain control increase the risk of post-operative adverse 
events like myocardial ischemia or infarction, arrhythmia, pulmonary dysfunction, 
poor sleep, slower rehabilitation, prolong wound healing, patient dissatisfaction, 
depression, increased morbidity, longer critical care unit stay and more cost 
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involvement. Most desirable in these cases is an analgesic technique that has accept-
able safety profile and produces adequate pain relief while promoting early mobili-
zation. Patient education about few aspects of pain management (meaning of pain, 
risks of pain medications and how to overcome it) is important to overcome certain 
disbelief (addiction due to pain medication) about pain and thereby improve the 
quality of pain care. Preoperative detailed information and online instructional 
video regarding what they can expect from their surgical procedure and periopera-
tive care support the pain management. Depending upon the site and extent of inci-
sion various ways adopted for pain management following MM removal and the 
main analgesic strategy by most of the practitioners is preemptive and multimodal 
[33, 34]. Table 37.2 describes pharmacokinetics and concern related to the com-
monly used analgesics and adjuvants.

Table 37.2 Commonly used analgesics for postoperative analgesia after mediastinal mass 
resection

Drugs Onset of action
Elimination half 
life Dose

Caution, 
Common SE

Non-opioids
Paracetamol O:30–35 min

IV:8 min
1.9–2.5 hr Same in all the 

routes.
Adult: loading 2gm 
followed by 1 gm 
4–6hrly.

4gm/day for 
4 days with 
anticoagulant 
increase INR/
gastritis

Diclofenac 
sodium

Immediate 1.2–2 hr O:50 mg 8hrly
IV:37.5 mg 6hrly
Maximum dose/
day: 150 mg

Allergy, 
acid-peptic 
disease, 
hypertension, 
cerebrovascular 
disease, 
peripheral 
vascular disease

Ibuprofen 1–2 hr 1.8–2 hr O:
Adult: 
200 mg–400 mg, 
4–6 hrly
Children:20-40 mg/
kg/day

Hepato-renal 
toxicity, asthma

ketorolac 30 min 2.5 hr O:20 mg STAT, 
then 10 mg 
q4–6 hrly, not to 
exceed 40 mg/day
IM: 60 mg, single 
dose or 30 mg q 
6 hr.; not to exceed 
120 mg/day
IV: 30 mg, single 
bolus or 30 mg q 
6 hr.; not to exceed 
120 mg/day

Renal 
impairment, 
>65 yr. old, 
duration of 
treatment 
should not 
be>5 days
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Table 37.2 (continued)

Drugs Onset of action
Elimination half 
life Dose

Caution, 
Common SE

Opioids
Morphine 5–10 minutes 3–4 hr B:0.1–0.2 mg/kg

I:0.05–0.1 mg/kg/
hr.
PCA:1–3 mg bolus,
Lockout:5–15 min,
4 hr. limit 
30–70 mg
E: 5–20 mg 4 hrly

N, V, 
Accumulation 
in hepatic and 
renal 
impairment, 
histamine 
release, 
delirium, 
hypotension, 
giddiness

Fentanyl 1–2 min 3–4 hr B:0.1–0.2 μg/kg
I:0.05–0.1 μg/kg/hr.
PCA:10–25 μgm 
bolus, lockout 
5–10 min,4 hr. limit
TDP:25–100 μgm/
hr

Accumulation 
in hepatic 
impairment 
leading to 
respiratory 
depression

Alfentanyl 1–2 min 1–6 hr B:10–30 μgm/kg
I:20–60 μgm/kg/hr

N, V, agitation, 
confusion, 
respiratory 
depression

Remifentanyl 1–3 min 3–10 min B:1 μ/kg
I:20–60 μgm/kg/hr

Respiratory 
depression, 
bradycardia, 
hypotension, 
tolerance, 
pruritus

Codeine 30–45 min 4–6 hr O:30–60 mg 4hrly Respiratory 
depression

Tramadol 30–45 min 4–6 hr IV 
bolus/E:50–100 mg 
4–6 hrly

CI in severe 
respiratory 
depression, 
acute bronchial 
asthma, 
paralytic ileus, 
hypersensitivity, 
Use of MAO-I 
within 15 days

Oxycodone Immediate 
release:10–30 min
Sustained 
release:60 min

4–6 hr SC:2.5 mg 4 hrly
O:5–10 mg 4 hrly

Withdrawl on 
sudden stopping 
of the drug

Diamorphine 60 min 3–4 hr IV 
bolus:0.05–1 mg/kg
SC:5–10 mg 4 hrly
O:5–10 mg 4 hrly

Confusion, 
drowsiness, N, 
V

(continued)
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37.3.5.1  Epidural and Spinal Analgesia
Medications are delivered into the epidural/subarachnoid space as single injection 
or continuously via indwelling catheter inserted into the space can block pain sensa-
tion locally and centrally, decrease or eliminate the need for systemic opioids. If the 
incision is transverse sterno-thoracotomy or posterolateral thoracotomy, the tip of 
the catheter should be at dermatome along which the incision to be made. In case of 
median sternotomy and muscle sparing incisions, catheter placement at T6 inter-
space is effective. Intraoperative use of epidural analgesia as an adjunct to general 
anaesthesia promote a smooth transition to immediate postoperative period. Initial 
doses with a combination of a local anesthetic (LA) and a relatively lipophilic opi-
oid bolus or by continuous infusion is desirable. In patients with poor cardiac or 
pulmonary reserve judicious fluid and vasopressor administration avoids large fluid 
shift. Patient controlled epidural analgesia in the postoperative period should con-
tinue till the removal of drainage tubes. Typically, the epidural infusate combines a 
low concentration of long acting LA (0.5–1 mg/ml of bupivacaine or 1–2 mg/ml 
ropivacaine) and 5 μg/ml of fentanyl) or 5–20 μ gm/kg of morphine with or without 

Table 37.2 (continued)

Drugs Onset of action
Elimination half 
life Dose

Caution, 
Common SE

Adjuvant drugs
Ketamine IV:30 sec 2.3–3.5 hr B:0.25-1 mg/kg

I:0.125–6.5 μgm/
kg/min
IT:67 mg/day in 
divided doses

Hallucination, 
agitation, 
anxiety, 
euphoria if 
continued 
beyond 48 hr.
Caution in 
patients with 
IHD, increased 
intracranial and 
intraocular 
pressure

Clonidine O:30–60 min
IV:10 min

5–13 hr B:2–5 μgm/kg
I:0.3 μgm/kg/hr.
O:50–100 μgm

Hypotension in 
high dose

Dexmedeto-
midine

IV:3–5 min Dose dependent, 
60–120 min

B:1 gm/kg
I:0.2–1 gm/kg/hr

Bradycardia, 
hypotension

Magnesium IV:10 min Varies with the 
dose

B:30 mg/kg
I:10 mg/kg/hr

Delayed tendon 
refex, 
hypotension

Gabapentin O:2 hr 4–7 hr O:300–1200 mg 8 
hrly

Drowsiness, 
blurred vision, 
N, V

Pregabalin O:25 min–3 hr Not known O:50–100 mg 8 
hrly

Same as 
gabapentin

O Oral, IV intravenous, IM intramuscular, B bolus, I infusion, PCA patient control analgesia, TDP 
transdermal patch, CI contraindication, MAO-I monoamino-oxidase inhibitor, IT intrathecal
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2 μg/ml of epinephrine [35]. One should not forget that epidural catheters placed 
several dermatomes from the surgical site require large volume of analgesics.

Several other drugs e.g. ketamine, clonidine, dextromethorphan and neostigmine 
can be used as an adjunct. A continuous infusion of 4–6 ml/hr. with demand bolus 
of 2–4  ml in every 10–15  minutes can provide optimal analgesia. Patients with 
refractory pain should be given intravenous non-steroidal anti-inflammatory drugs 
(NSAIDS) as an adjuvant. During transition to oral opioid, the first dose should be 
given immediately after discontinuation of patient controlled epidural [PCEA] but 
the epidural catheter is still in situ. Prompt identification and removal of dysfunc-
tional epidural catheter as well as rapid initiation of another alternative prevent 
severe pain. Identifying that motor blockade should not occur with dilute local 
anaesthetic solutions, and postoperative motor weakness should warn immediate 
imaging studies and neurosurgical consultation best prevents the most catastrophic 
complication of epidural placement e.g. epidural hematoma.

Continuous fentanyl infusion PCEA or both provide excellent analgesia and 
overcome the limitations to the duration of associated with epidural bolus. Though 
analgesia is excellent, pain score increases with coughing and movement unlike 
morphine and these patients need adjuvant analgesics. The most common side effect 
of epidural fentanyl is pruritus whch can respond well to naloxone. Prolong infusion 
or simultaneous addition of sedative or opioids via other route may give rise to 
respiratory depression.

The main concern of EA opioids is that it can reduce coughing especially in 
patients with low FEV1 and it is not applied if there is local or systemic sepsis. 
Spinal/epidural hematoma is a concern in the patients if CPB required for tumor 
resection. Hign spinal anaesthesia (block till the level of T1) before anaesthetic 
induction can also reduce post sternotomy pain to a greater extent [36].

37.3.5.2  Paravertebral Blocks
Paravertebral blocks as a single injection of continuously via a catheter is more suit-
able in patients in whom coagulopathy is a concern. Plane LAs solution (e.g. bupi-
vacaine 0.25–0.5 5) or equivalent are generally used at a rate of 10–15 ml/hr. [37]

37.3.5.3  Intercostal Nerve Blocks (ICNB)
Intercostal nerve blocks (ICNB) are quick and simple, have the advantage of local-
ized analgesia without any sympathetic blockade. Can be given by the surgeon 
under direct visualization or percutaneously by the anaesthesiologist as single injec-
tions at least two dermatomes above and below the incision. Liposomal bupivacaine 
is used by many, have an extended duration of action up to 72 hrs. Inadequate pos-
terior analgesia may happen and large amount of LA are needed if multiple injec-
tions are performed. It is important to calculate the total dose of LAs because ICNB 
are notable for high systemic blood levels and toxicity, mainly neurologic and car-
diovascular. Apart from this, block failure, pneumothorax and significant bleeding 
from trauma to intercostal artery may happen [38].
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37.3.5.4  Intrapleural Analgesia
0.25–0.5%bupivacaine is injected between the visceral and parietal pleura either as 
a single bolus /as an infusion via an indwelling catheter. The main concern of this 
technique is that LAs tends to pool in the dependent areas and lost through chest 
drains, thus limiting effectiveness.

37.3.5.5  Interscalene Block
This mainly covers the referred shoulder pain related to chest tube placement after 
thoracotomy, involving irritation of diaphragm. This pain involves phrenic nerve 
distribution and is not covered by an appropriately placed working thoracic epidural 
catheter also. Dilute Ropivacaine (0.1–0.2%) is efficacious without producing any 
motor block [39].

37.3.5.6  Erector Spine Block
Done under ultrasound guidance by injecting LA as bolus or continuous infusion 
deep into erector spine fascia and superficial to the transverse process under ultra-
sound guidance. There is spread of LA from C7 to T10 unilaterally. Lack of signifi-
cant sympathetic blockade, risk of epidural related hematoma in patients with or 
without anticoagulant, and providing the analgesic cover of the entire chest wall 
making this technique more popular [40].

37.3.5.7  Serratus Anterior Plane Block and Pectoralis Block
Ultrasound guided injection of LA deep to the serratus anterior muscle, in the region 
of midaxillary line at the T4–T5 level provide pain relief in the distribution of cuta-
neous branch of intercostal nerves from T2 to T9. It decreases pain both after median 
sternotomy and thoracotomy with better hemodynamic stability compared to TEA 
and reduce opioid use [41].

37.3.5.8  Cryoanalgesia
Destruction of individual intercostal nerve by cryoprobe (−20 °C) during surgery 
provides postoperative analgesia which can last for 6 months. However, because of 
long-term neuralgia and paresthesia, this technique is rarely used [42].

37.3.5.9  Transcutaneous Electrical Nerve Stimulation (TENS)
Transcutaneous electrical nerve stimulation (TENS): may be useful in mild to mod-
erate pain but is ineffective when pain is severe.

37.3.5.10  Systemic Analgesia
The use of multimodal regimen is important to decrease the deleterious effects of 
any one of the analgesics because of the variable sedative and respiratory depressant 
effect of different analgesics. Regimens that are commonly used include opioids, 
NSAIDs, tramadol, ketorolac and paracetamol [34].

Opioids, though have a narrows therapeutic window are usually the initial anal-
gesic therapy following mediastinal surgery. Administration of opioids with or 
without PCA needs to be limited in opioid-naïve patients because of the increased 
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risk of side effects [Table 37.2]. Respiratory depression is a potential concern; and 
at the same time one should appreciate that some patients hypoventilate because of 
inadequate analgesia. Morphine, fentanyl, hydromorphone, sufentanyl and remifen-
tanyl are the various opioids used for patient controlled analgesia (PCA). Whether 
one is better than other is still a question. Morphine and fentanyl are the most com-
mon one used during patients hospital stay. For morphine, the recommended dose is 
30–40  mg intravenously (IV)/90–120  mg per orally (O) over 24  hrs and that of 
fentanyl for an adult weighing >50 kg to provide tolerable postoperative pain score 
of less than 3. Intramuscular (IM) morphine 0.2 to 0.3 mg/kg; gabapentin 300 mg or 
tramadol sustained release 300 mg PO 45 minutes before anaesthesia induction is in 
practice by several authors to produce pre-emptive analgesia. Fentanyl repeated 
single bolus 10–15 μgm maximum up to 5 μgm/kg/day or infusion 0.5–2.5 μgm/kg/
hr. when patient is intubated. In the post extubation period 0.1–0.5 μg/kg/hr. can be 
given [43]. Hydromorphone, a direct derivative of morphine, with a similar onset 
and duration of action like morphine can be given at a dose of 1–2 mg orally every 
6 hrly. Though there are few reports, some authors demonstrated that both remifen-
tanyl and sufentanyl PCA can produce acceptable analgesia during post sternotomy 
period [44, 45]. There is limited data on transmucosal (buccal) or transdermal fen-
tanyl for postoperative pain relief in MM surgery patients.

Tramadol at a dose of 50–100 mg IV/PO every 6hrly as needed, has an improved 
side effect profile and equivalent analgesia as thoracic epidural morphine. The sus-
tained released release tablets can be given 100 mg PO once daily, increased by 
100 mg/day every 5 days, with a maximum dose up to 400 mg/day [46].

37.3.5.11  Non-opioid Analgesia
IV ketorolac and acetaminophen are two popular analgesics those can be used dur-
ing first 24 hr. postoperatively to reduce opioid consumption and improve patient 
satisfaction. Acetaminophen at a dose of 1 gm every 6 hrly is acceptable for adults; 
have a concern of liver toxicity.

Naproxen is used by some practitioners in the absence of specific contraindica-
tions. Parenteral or oral oxycodone and paracetmol with codeine also used for treat-
ing post sternotomy pain. Use of magnesium sulphate limits postoperative pain and 
the dose of PCA morphine requested. Preoperative administration of 600 mg gaba-
pentin reduces postoperative opioid consumption. This is used in elderly with cau-
tion because of it’s possible side effect like sedation, dizziness and visual 
disturbances. Carbamazepine (200 mg orally) or along with amitriptyline (10 mg) 
can be given as an adjunct to overcome the psychological aspect of pain [47]. 
Figure 37.1 depicts the overview of pain management following MM surgery.

Usual pain management strategies for mediastinal mass surgery across the globe 
is: preoperative oral gabapentin, 600 mg or morphine 0.2–0.3 mg/kg im, intraopera-
tively: a regional technique along with morpine/fentanyl infusion till extubation 
followed by postoperatively: tramadol or paracetamol+codeine or morphine/fen-
tanyl infusion till extubation and subsequently PCA.

If high intensity pain persists after 2–3  days the following protocol may be 
adopted depending upon the visual analogue score (VAS) for pain assessment.
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 1. VAS > 50 mm: IV PCA with morphine/fentanyl+COX-2NSAID + paracetamol
 2. VAS:>30 mm < 50 mm: paracetamol+ COX-2 NSAID+ tramadol
 3. VAS:< 30 mm: IV paracetamol+ COX-2 NSAID

37.3.6  Acute Kidney Injury

Remains as a common complication during postoperative period especially in 
patients who need prolong CPB for mass resection, massive blood loss periopera-
tively, pre-existing renal dysfunction, diabetes mellitus, female gender, old age, or 
have chemotherapy induced complications (tumor lysis syndrome), chronic expo-
sure to nephrotoxic agents are more prone. Renal replacement therapy benefits these 
patientsgreately. However, one should balance the benefits of RRT with the overall 
prognosis of the patient [48, 49].

37.3.7  Specific Post Operative Problems

37.3.7.1  Management of Immediate Complications After 
Tracheal Reconstruction

The invasive MM who require tracheal reconstruction and anastomosis in the same 
setting may develop anastomotic separation, glottis edema, recurrent laryngeal 
nerve injury, swallowing dysfunction, formation of trachea-innominate or tracheo-
esophageal fistula during the immediate postoperative period. Tracheostomy before 
tracheal reconstruction increases the risk of postoperative anastomotic leak. 

NO      

Small 
sternotomy/thorac
otomy/VATS

Major open 
sternotomy/thoracotpmy/extend

ed thoracotomy+sternotomy
without CPB

Major open 
sternotomy/thoracotpmy/extended 
thoracotpmy+sternotomy with CPB

ICNB±
iv NSAIDS/
PCA-
opioid/combinati
on
Followed by oral 
alangesics

TEA with PCA-
opioid if 
feasible,

otherwise
systemics 

analgesics

TEA with PCA (opioids) OR,

Paravetebral block/intercostal 
nerve blok depending upon 
feasibility continued 2-3 days 
followed by

Systemic
opioid/NSAID+ acetaminophen 
as an adjunct

Remove EC and Switch over to 
oral drugs when pain is less 
severe

Same as those do not require CPB

If nerve blocks/TEA are
contraindicated

Systemic opioid and
NSAID+acetaminophen as an 
adjunct followed by oral analgesics 
once adequate pain control is there.

YES

Fig. 37.1 Overview of pain management after mediastinal surgery
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Granulation tissue around anastomotic site can lead to some grade of airway 
obstruction. Patient may develop some grade of stridor and relieved with debride-
ment of granulation tissue with the help of rigid bronchoscopy and local injection of 
triamcinolone.

Anastomotic separation, a devastating complication, occurs within days to first 
two weeks of surgery [50]. Patient develop sudden stridor, cough, increased secre-
tion, wound infection or subcutaneous emphysema. There may be sudden loss of 
airway which is highly fatal. Urgent stabilization of airway is important in these 
patients. As orotracheal intubation is difficult due to presence of laryngeal edema, 
bedside distal airway cannulation from the anastomotic site is a wise decision to 
save the patient. In case of stable patient, CT neck and chest can give a clue to diag-
nosis. In case of suspected separation, patient must be taken to the operating room 
immediately to establish the airway. In larger separation (>1 cm), neck is explored 
and management to be done with an airway appliance. A T-tube can be placed if 
upper airway is patent and in case of significant laryngeal edema a tracheostomy 
should be placed through the defect a repair is done once edema get subsided. 
Antibiotic therapy, voice rest, neck flexion and hyperbaric oxygen are used to pro-
mote early healing.

Tracheo-innominate fistulas are extremely rare during critical care unit stay and 
invariably carry a poor prognosis. Infection and inflammation causing anterior sepa-
ration and erosion to the innominate artery is the cause. The typical manifestation is 
massive hemoptysis and severe cardiorespiratory compromise leading to death. 
Sentinel bleed may be an early sign in case of small tear. Emergent cough inflation 
or placement of a cuffed endotracheal tube can seal the bleeding site temporarily 
before shifting the patient to the operating room [51].

Glottic edema is common in case of extensive resection or manipulation of lar-
ynx. These patients are managed with steroid, diuretics, head elevation, voice rest 
and nebulized epinephrine. Tracheostomy is considered in case of persistent edema.

Transient recurrent laryngeal nerve palsy can occur in CRCU secondary to 
inflammation or traction. A weak cough indicates a diagnosis. Bedside laryngos-
copy can visualize the vocal cord movement to make a diagnosis. Most of the cases 
improves over time. In extreme cases with bilateral RLNP palsy, tracheostomy 
is needed.

Swallowing dysfunction is common in the immediate postoperative period. The 
patient needs to kept nil per orally to avoid catastrophic aspiration. Improvement 
occurs in most of the cases over time. Consultation with a speech therapist is essen-
tial before allowing per orally.

37.3.7.2  Uncommon Masses
Almost 40% of patients with thymic mass have myasthenia gravis and need elective 
postoperative mechanical ventilation. Thymic carcinoids are another set of lesions 
usually associated with endocrine abnormalities, most commonly Cushing’s syn-
drome or multiple endocrine neoplasia and are usually huge and calcified leading to 
difficult excision and chance of massive postoperative bleeding; thus, need addi-
tional care.
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The patients who received bleomycin or radiotherapy preoperatively need to be 
taken seriously for preexisting pulmonary artery injury or adhesion of mediastinal 
structures’ is important to keep the inspired concentration of oxygen as low as pos-
sible but compactable with best possible arterial oxygen saturation to prevent fur-
ther pulmonary injury.

37.3.8  Fluid and Electrolytes

Post mediastinal surgery, intravenous fluids are given in reduced amount to prevent 
overhydration problem. Oral feeding is encouraged as soon as possible. The usual 
dose of maintenance fluid is 1–2 ml/kg/hr. to avoid a positive fluid balance of >1.5 L 
and to attenuate the risk of multifactorial postoperative acute lung injury. At the 
same time one should not forget about silent hypovolemia, acute kidney injury as 
well as impaired oxygen delivery. Inspite of adequate fluid therapy and in the 
absence of bleeding if there is sign of hypoperfusion inotrope/vasopressor support 
should be considered.

37.3.9  Nutrition

After major resection, metabolic alterations leads elevated energy expenditure, lean 
tissue catabolism, decrease synthesis of serum albumin and transferrin as well as 
fluid shift to the extracellular compartment.

Subsequently there is decrease in respiratory muscle strength poor wound heal-
ing, impaired immunity, increased risk of nosocomial infection and organ dysfunc-
tion. Patients, who are on mechanical ventilation, develop a decline in respiratory 
muscle strength after a few days of suboptimal nutrition. Indirect calorimetry is one 
of the best predictive model and considered to be the gold standard for measuring 
resting metabolic rate (RMR) and resting energy expenditure (REE) in these 
population.

It is important to remember that over feeding can increase in oxygen consump-
tion and carbon dioxide production, which also have a deleterious consequence 
[52]. Nutritional management of a patient with a malignant mass are trickier because 
the metabolic demand of the patient is affected by the extensiveness of the mass, it’s 
cell type, prior or ongoing radiotherapy and chemotherapy.

37.3.10  Infection and Antimicrobial Therapy

Benign and small masses are need routine antibiotic prophylaxis for 48 or 72 hrs. 
Depending upon the institutional protocols. However, those need extensive surgery 
or have huge malignant masses, prior chemo or radiotherapy, malnutrition, are 
prone for impaired neutrophil function-cell, T-cell or NK-cell defects and subse-
quent infection. Ventilator associated pneumonia, delayed wound healing and sepsis 
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are not uncommon in these patients [53]. Patient receiving chemotherapy during 
perioperative period are more benefited with fluroquinolone prophylaxis which sig-
nificantly lower the incidence of gram negative infection by 80% according to many 
authors. However, quinolones do not alter the incidence of gram positive bacterial 
and fungal infection [54].

One should not forget the hypersensitivity reaction, prolong Q-T interval, periph-
eral neuropathy and seizures associated with fluroquinolone use. Antibacterial and 
antifungal prophylaxis hardly have any role in these patients.

The ideal treatment for different infections that post MM resection patients 
encounter, should always be optimized with respect to the pharmacokinetics and 
pharmacodynamics of antimicrobials considered for therapy. One should not forget 
that immune compromised patients need more aggressive therapy and in that case 
side effects and toxicities of all agents need to be weighed against efficacy and safety.

37.3.11  Anticoagulation Prophylaxis and Therapeutics

Extensive malignant masses are at risk of postoperative thromboembolism which 
mostly occur during the initial six months of therapy. Apart from mechanical pro-
phylaxis, unfractionated heparin at a dose of 5000 units can be given 8 hrly postop-
eratively for a minimum period of 7–10  days if no prosthetic agents are used. 
Alternatively, they can receive enoxaparin 20 mg subcutaneously every 2–4 hr. pre-
operatively and 40 gm daily thereafter; or fondaparinux 2.5 gm subcutaneously 
daily beginning 6–8 hr. postoperatively. Dose adjustment based on APTT is also 
recommended [55].

37.3.12  Postoperative Physiotherapy

Chest physiotherapy, coughing exercises, incentive spirometry and bronchodilators 
and endotracheal toilet improve postoperative pulmonary insufficiency. Patients 
with extensive resection and low FEV1 may need tracheostomy for prolong support 
of ventilation and clearing of secretion. Prevention of aspiration is important as it 
may result in multiorgan dysfunction and sepsis. If the patient has a tendency to 
aspirate, he should be kept nil or oral and nasogastric feeding initiated as required. 
Eating should only be allowed when he is fully alert and sitting up. Diuretics may 
need at times to reduce body fluid, lead to early mobilization and reduces complica-
tions like pulmonary atelectasis and DVT. If there is damage to the vocal cords then 
a speech pathology is sought for.

37.3.13  Miscellaneous Care

The CRCU team should be aware of a brief detailing regarding different drug thera-
pies the patient undergoing, drug-drug interactions, adverse drug events and their 
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management. The patients who are on mechanical ventilation for more than 48 hrs., 
associated coagulopathy and multiorgan failure are prone for stress ulcer and gas-
trointestinal bleeding. Histamine-2 receptor antagonist and proton pump inhibitors 
are commonly prescribed drugs for prophylaxis. One has to aware of the fact that 
these drugs are also associated with clostridium difficile infection as well as 
pneumonia.

37.4  Conclusion

Patients with extensive surgery may suffer from sudden cardiovascular collapse in 
the CRCU due to several reasons. Implementation of early warning symptoms can 
lead to early identification to facilitate timely intervention and appropriate level of 
care. Intermittent quality assurance and improvement as well as safety initiatives 
can improve the outcome of these patients.
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38.1  Introduction

Hepatopancreatobiliary cancers such as hepatocellular carcinoma (HCC), pancre-
atic and biliary tract carcinomas (i.e., cholangiocarcinoma and gallbladder carci-
noma) are common gastrointestinal tumors. In most of the cases, the primary mode 
of treatment is surgical resection. The perioperative management in such cases are 
associated with clinical and surgical challenges. Patients may require post-operative 
intensive care unit (ICU) admission in case of extensive surgeries or if a complica-
tion occurs during the intraoperative period. Major hepatic resections are extensive 
and may need admission to the critical care unit in the immediate post-operative 
period. Therefore, multidisciplinary teamwork is essential to provide the best out-
come for such patients.

38.2  Etiology

38.2.1  Hepatic Resection

The liver is a vascular organ. In order to prevent excessive blood loss during surgical 
resection of the liver, selective or total inflow occlusion (Pringle maneuver) or total 
vascular isolation of liver is done [1]. After resection, liver function is altered as a 
result of prolonged clamping, reduction in functional liver mass and potential isch-
emia/reperfusion injury to the remaining liver.
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Common liver resections performed that may require ICU admission after sur-
gery are left or right hepatectomies (~50% of liver volume is removed) or extensive 
right or left trisectionectomy (up to 80% of the liver is removed). Reduction of 
functional liver volume below 25% in normal livers or less than 40% in cirrhotic or 
with bile duct obstruction has been related to an increased risk of both liver failure 
and mortality [2].

Preoperative chemotherapy, preexisting cirrhosis, bile duct obstruction and intra-
operative maintenance of low central venous pressure (less than 5  mmHg) with 
hemodynamic instability exaggerate the amount of postoperative hepatic injury [3]. 
These clearly indicate the need for ICU admission and close observation in the 
postoperative period. Therefore, details of preoperative dysfunction, intraoperative 
events such as bleeding, clamp time, intraoperative hemodynamic instability, trans-
fusions are to be shared in details with physicians looking after the patient in ICU.

38.2.2  Pancreatic and Bile Duct Surgery

Usually, patients undergoing pancreatobiliary surgeries do not require ICU admis-
sion due to less hemodynamic instability and alteration in physiology. However, in 
prolonged surgeries such as Whipple procedure (pancreaticoduodenectomy) and 
surgery related to pancreatic head tumor or bile duct involving portal vein or exten-
sive fibrotic resection may result in immediate ICU admission. They are closely 
observed in ICU for hemodynamic instability, leak at anastomotic site, formation of 
fistula, and collections in abdomen. Preexisting medical comorbidities, geriatric 
patients, intraoperative portal vein injury or repair associated with massive transfu-
sions, hypotension and pancreatic or bile leaks are the other common indications for 
ICU admission.

38.3  Early Post-operative Treatment

The initial few days after major hepatopancreatobiliary surgery is crucial and needs 
a multidisciplinary approach. The postoperative outcome depends upon close coop-
eration between the anesthesiologist and the surgeon. Elderly patients with compen-
sated liver cirrhosis and eventful intraoperative period increases the perioperative 
risk as compared to patients with preoperative normal liver function and child A 
classification. However, most of the patients undergoing major hepatectomy are 
monitored in ICU for initial 24 h before shifting to the ward [4]. ICU care does not 
vary from standard intensive care and it includes invasive monitoring of hemody-
namics, mechanical ventilation, antiseptic precautions, glycemic control, and nutri-
tional support [4].

As the patient is shifted to ICU, an initial assessment of vitals is done. Monitoring 
of vital parameters like pulse, blood pressure (BP), respiratory rate (RR), electrocar-
diogram (ECG), oxygen saturation (SPo2), and urine output are done. Samples for 
electrolytes, blood sugar, liver function, renal function, and coagulation profile are 
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sent and monitored. Other important postoperative care includes fluid management, 
monitoring of urine and drain output, care of surgical wound, optimal analgesia, 
evaluation of cardiac & neurological functions, initiation of good nutritional sup-
port, and care for bowel movement.

38.3.1  Fluid and Electrolyte Management

After major hepatobiliary surgery, postoperative fluid management is of prime 
importance. In major hepatic resections, the postoperative fluid shifts may pose a 
challenge in the early postoperative period. Optimal perioperative fluid manage-
ment is essential to reduce postoperative morbidity and mortality. In the postopera-
tive period, replacement and maintenance of fluids are done with crystalloids such 
as 0.9% of normal saline (NS) and ringer lactate (RL). Colloids are used as plasma 
expanders and are not be used in case of shock.

Low central venous pressure (low-CVP) is considered to be the standard fluid ther-
apy in major hepatic surgery. It helps in minimizing intraoperative blood loss. 
Therefore, in the postoperative period, the patients may have features of hypovolemia 
with oliguria and hypotension. It needs gentle volume re-expansion where albumin 
and fresh frozen plasma are helpful. Aggressive resuscitation may lead to hypoalbu-
minemia, pulmonary edema, and ascites. Goal directed fluid therapy (GDFT) when 
compared to low CVP in major open liver resections, do not show any difference in 
terms of intraoperative bleeding, morbidity or quality of surgical field [5].

Patients with preoperative cirrhosis are at greater risk of fluid shifts, vasodilation, 
and hypotension. In such cases, colloids are preferred in place of crystalloids. In the 
first 48  h, 50% of patients develop significant but self-limiting ascites. Sodium 
restriction, diuretics, and paracentesis are helpful in such cases [6].

Hyponatremia, hyperlactemia, hypophosphatemia, and potassium deranged lev-
els are common after liver resection surgery. Hyponatremia is common in patients 
above class Child A. It is frequently seen with ascites and cirrhosis. Asymptomatic 
are managed with normal saline and serial monitoring of sodium level. Rapid cor-
rection is avoided and gradual correction of sodium deficit is done [7]. Estimation 
of serial lactate levels are important in the management of the early post hepatic 
resection period. Increased levels may indicate hypovolemia, if not corrected affects 
tissue perfusion, cardiac output and can lead to further liver dysfunction [8]. Lactate- 
containing fluids are to be avoided [9]. As there is increased uptake of phosphate by 
regenerating hepatic cells, Hypophosphatemia is a common presentation in all the 
patients undergoing major liver resections [10]. Therefore, the standard protocol 
involves replenishment of phosphate with maintenance fluids in the early post- 
operative period. There may be a transient and initial rise in serum transaminase and 
alkaline phosphatase levels due to hepatocellular damage [11]. A persisting raised 
levels indicate ongoing hepatic ischemia and reasons are to be explored and cor-
rected. Prevention of hypothermia, careful examination of color & content of drains, 
and administration of antibiotics according to the institutional protocol are other 
important aspects in the management of early postoperative period.
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38.3.2  Glycemic Control

Glucose metabolism is altered as there is a reduction in functional liver mass and 
liver dysfunction due to ischemia-reperfusion injury. The resulting altered hepatic 
physiology may lead to hypoglycemia. As glycogen storage is depleted, glucose is 
produced by the process of gluconeogenesis. Therefore, a tight glycemic control is 
needed in order to prevent hypoglycemia. Strict control of blood sugar in ICU is 
associated with less morbidity and mortality [12]. Maintenance of normoglycemia 
helps in reduction of infection after major liver resection. According to institutional 
protocol, insulin is given to maintain the blood sugar level between 90 and 120 mg/
dl. Hypoglycemia is not uncommon after insulin therapy. At times, compromised 
hepatic mobilization of glucose in major liver resections may also warrant intrave-
nous glucose administration [13].

38.3.3  Correction of Coagulopathy

Coagulopathy is common in early second to fifth postoperative period. It is due to 
the decreased synthesis by the remnant liver and increased consumption of coagula-
tion factors. The common derangements seen are increased prothrombin time/ inter-
national ratio (PT/INR), partial thromboplastin time (PTT), and decreased platelets 
and fibrinogen [14, 15]. The initial coagulation derangements are self-limiting with 
no need for fresh frozen plasma (FFP) in non-cirrhotic patients. However, due to 
reduced hepatic protein synthesis and impaired hepatic reserve in cirrhotic patients, 
there is a need of FFP administration to correct underlying coagulopathy.

In case of obstructive jaundice, vitamin K injections are given in the preoperative 
as well as the postoperative period. Thrombocytopenia with platelet count less than 
10,000/μ with active bleeding should be treated with transfusion of platelets. 
Therefore, a combination of fresh frozen plasma (FFP), vitamin K, octreotide, and 
human r-FVIIa may be used to reverse coagulopathy and prevent post-operative 
bleeding [4].

38.3.4  Ascites and Encephalopathy

After the immediate postoperative period, patients are at risk to develop ascites. 
Excessive sodium supplementation should be minimized. If additional volume 
expansion is needed, albumin or fresh frozen plasma should be used. Diuretics can 
be reinstituted after the immediate postoperative period. A general rule is to use a 
combination of Lasix and spironolactone, with 100 mg of spironolactone for every 
40 mg of Lasix.

Encephalopathy is rare in patients after liver resection unless they are in liver 
failure or have pre-existing liver disease. Encephalopathy is treated with lactulose, 
oral antibiotic, rifaximin, and dietary protein restriction, as in other patients with 
end-stage liver disease. Infection, dehydration, and bleeding, as well as narcotic 
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use, must be evaluated, as they can trigger decompensation that leads to encepha-
lopathy [16, 17].

Early mortality in the postoperative period is low to about 2–5%. The important 
causes along with hemorrhage are sepsis, pneumonia, and multiorgan dysfunction 
syndrome (MODS). Treatment includes imaging, IV antibiotics, blood transfusions, 
and close drainage. Antibiotics are administered for 48 h postoperatively to mini-
mize infection from bacterial translocation. Prophylactic use of octreotide has no 
significant effect on postoperative fistula formation or in the prevention of compli-
cations post-surgery [18]. However, the perioperative use of pasireotide has been 
found beneficial in the prevention of complications such as fistula, leak, and abscess 
formation [19].

38.4  Aftercare of Asymptomatic Patients

Asymptomatic post hepatectomy patients are followed up for any sign of recur-
rence. Intrahepatic recurrence within 1 year and the occurrence of solitary tumors 
along the line of resection are common [20]. Therefore follow-up even in asymp-
tomatic patients is mandatory.

In pancreatic resection patients, according to the S3 guideline “Pancreatic carci-
noma” no care is started until there are symptoms like the sense of not feeling well, 
pain, or weight loss [21]. However, regular clinical monitoring every 3–6 months 
and laboratory tests including blood sugar level should be done for early detection 
and management of diabetes [22].

38.5  Malnutrition and Maldigestion

Early nutrition in the postoperative period is an important component of enhanced 
recovery after surgery (ERAS) [23]. Malnutrition is common in cancer patients and 
about 30–50% of admitted patients present with issues related to it [24]. Nutritional 
deficiency encourages a sequence of serious consequences, such as jaundice, hepatic 
ascites, and hepatic failure [25]. Therefore, proper nutritional assistance after major 
hepatopancreatobiliary surgery can help in improving patient’s immunity, disease 
prognosis, reducing incidence of infection, postoperative complications and enhanc-
ing overall quality of life.

Preoperative biliary obstruction, malignancy, and cirrhosis are important risk 
factors for nutrition-related complications in major hepatobiliary surgery. Other 
preoperative nutritional risk factors such as weight loss (greater than 14% lean body 
mass) over 6 months, serum albumin less than 3 g/dl, hematocrit below 30%, total 
body potassium less than 85% of normal, less than 25th percentile for mid-arm 
circumference, and skin test anergy are associated with postoperative complications 
[26]. Therefore, preoperative bilirubin, albumin, prealbumin, prothrombin time, 
transferrin, as well as replacement of vitamins and trace mineral deficits are to be 
considered and optimized preoperatively.
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Both enteral and parenteral nutrition are associated with improved outcomes in 
high-risk hepatobiliary surgery [26, 27]. Early enteral nutrition is considered to be 
better in such patients as it is associated with improved gut flora, prevention of gas-
trointestinal atrophy, and loss of immunocompetence. Whereas, parenteral nutrition 
has been found to be associated with a greater risk of infection in prospective ran-
domized trials after hepatic resection [28, 29]. Early low volume enteral feeding can 
be started immediately after surgery in ICU in cases of hepatic resections. Some 
may present with clinical signs of intolerance such as increased gastric residual 
volume. However, in mechanically ventilated patients, there is no need to stop 
enteral feeds unless the gastric residual volume is more than 200 ml on more than 
two occasions in a day. In hepaticojejunostomies or pancreatic surgery, surgeons are 
often reluctant to start early enteral nutrition due to the risk of anastomotic leaks. In 
such cases nutrition through feeding jejunostomy or feeding tube placed distal to 
the anastomosis should be started. Pancreatic enzyme supplementation with enteral 
feeds is given in major pancreatic surgeries.

The postoperative metabolic complications in the majority of liver resection sur-
gery can be prevented by improving the preoperative nutrition and providing ade-
quate postoperative carbohydrate and albumin supplementation. Patients undergoing 
liver resection may develop a varying degree of hypoglycemia during the early 
phase of liver regeneration. Severe hypoglycemia should be avoided with blood 
glucose monitoring and continuous intravenous infusion of 10% glucose solution 
for at least the early few days or before starting enteral carbohydrate feedings. As 
albumin is synthesized in the liver, hypoalbuminemia is corrected by supplementa-
tion of albumin for a week or up to 3 weeks till the albumin level returns to normal. 
As liver disease alters the metabolism of amino acids. Supplementation of branched- 
chain amino acids (BCAA) such as leucine, isoleucine, and valine helps in immu-
nomodulation and helps in improving quality of life in patients undergoing major 
hepatic resection [30]. A fat-rich diet containing medium-chain triglycerides and 
few other fatty acids has also been found to be beneficial. In various trials, the short- 
term supplementation of BCAA in patients undergoing hepatic resections increases 
erythropoietin levels which have been found to be protective from ischemic injury 
on hepatic cells [31].

Biliary tract surgery affects liver function. In the postoperative period, patients 
are given a sufficient amount of water to preserve acid-base balance. In the early 
postoperative period, fat is restricted. Initially, parenteral nutritional support rich in 
energy content is given. As the patient improves, the parenteral nutrition is gradu-
ally withdrawn after 2–3 weeks and finally discontinued. Bile salts help in the emul-
sification of fat and in the absorption of calcium, iron, and other micronutrients. 
Supplementation of bile salt preparation help in postoperative recovery in patients 
with preoperative biliary obstruction and fistula [32, 33].

Prognostic nutritional index (PNI) is closely associated with postoperative out-
comes in patients undergoing major pancreatic surgeries [34–36]. In a study involv-
ing 268 pancreatic cancer patients who underwent pancreatectomy, lower 
preoperative PNI was associated with poor outcomes and lower survival rates [34]. 
There has been a close association between the lower level of preoperative albumin, 
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PNI, and postoperative complication. Lower postoperative PNI in pancreatic sur-
geries is related to a greater incidence of postoperative pancreatic fistula [35].

In cases of pancreatic cancer, management of postoperative nutrition is vital and 
is closely associated with the postoperative prognosis. It becomes more challenging 
as pancreatectomy in cancer patients are associated with increased postoperative 
complication. Oral feeding is considered to be the initial and least invasive means of 
nutritional supplementation. In patients who cannot tolerate it, total parenteral nutri-
tion (TPN) is initiated. However, TPN is associated with increased complications 
such as hyperglycemia, metabolic acidosis, and fluid retention. In contrast, enteral 
nutrition is considered to be a more “physiological” solution where nutrients are 
directly introduced into the gastrointestinal tract. Enteral nutrition also helps in the 
release of pancreaticobiliary secretion, regulation of GI hormones, maintenance of 
GI contraction, and blood flow [37]. If enteral nutrition fails to provide adequate 
calories, a combination of enteral and parenteral nutrition can also be given. The 
ultimate nutritional goal is to increase weight and absorption of fat & protein and 
decrease steatorrhea. In few selected patients, a diet rich in carbohydrates and pro-
tein with a mild degree of fat restriction is needed. In post pancreatoduodenectomy, 
prompt use of commercially available pancreatic exocrine enzymes are recom-
mended. Oral supplementation of n-3 polyunsaturated fatty acids and medium- 
chain triglycerides can also be used in postoperative pancreatic cancer patients [38]. 
The assessment of energy expenditure involves indirect calorimetry which cannot 
be anticipated by equations. Still, patients with hepatopancreatobiliary cancer may 
need a calorie intake of up to 35 kcal/kg/day and 2 g/kg protein.

Cachexia and loss of body weight after pancreatic carcinoma resection is not 
uncommon [39]. It is one of the important prognosticators of poor outcomes and 
short survival. Factors such as preoperative weight loss >5 kg body weight, insuf-
ficient intake of calories in the postoperative period, food intolerance, and pancre-
atic exocrine insufficiency are responsible for cachexia in pancreatic surgery [40].

38.6  Liver Function

Liver dysfunction is not uncommon after hepatopancreatobiliary surgery and anaes-
thesia. It may vary from mild elevation of liver enzymes to progressive and refrac-
tory hepatic failure called as Postoperative hepatic failure (POHF). POHF is defined 
as “prolonged hyperbilirubinemia unrelated to biliary obstruction or leak, clinically 
apparent ascites, prolonged coagulopathy requiring fresh frozen plasma (FFP), and/
or hepatic encephalopathy [41].” Incidence is reported to be 1.2–32% of cases with 
a mortality of about 1.6–2.8% of hepatectomy cases [42–44]. “Various periopera-
tive risk factors responsible for the development of Postoperative Hepatic Failure 
(POHF) are age >70 years, male sex, cirrhosis, fibrosis, viral or other hepatitis, 
blood loss during surgery, need for blood transfusion, increased operative time isch-
emia, obstructive jaundice, preoperative chemotherapy such as irinotecan, oxalipla-
tin and avastin, steatosis or steatohepatitis, extended hepatectomy, small future liver 
remnant and preoperative hypoalbuminemia [45].”
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Preoperative functional status of the liver can estimate the maximum amount of 
hepatic resection that can be done while preserving adequate liver function. In a 
normal liver, up to 75–80% of total liver volume can be resected safely. CT volu-
metric analysis can help in predicting the volume of the liver to be resected with 
respect to the measured volume of the entire liver [46]. As the regenerating process 
is fast, a residual otherwise healthy liver is estimated to be double in size within the 
first week of the postoperative period. Still, growth in parenchymal size does not 
indicate the full restoration of functional capacity.

Various preoperative assessments tools are available to guide the hepatic reserve, 
the feasibility of resection, and to predict postoperative morbidity and mortality.

• The child-Pugh clinical scoring system is considered to be a reliable and vali-
dated prognostic tool for patients undergoing hepatobiliary surgery. Child-Pugh 
class A patients may undergo major hepatectomy with resection of ≥4 segments. 
Child-Pugh Class B patients devoid of portal hypertension may undergo minor 
resections such as wedge to single segment resection. Child-Pugh class C is a 
contraindication for any kind of resection.

• Other scoring includes Model of End-Stage Liver Disease (MELD). MELD 
score ≥11 predicts liver failure post HCC resection. However, the Child-Pugh 
score is more widely used and it is considered to be a better tool in predicting 
postoperative outcomes [47].

• Portal hypertension and thrombocytopenia with platelet counts <1  lakh/μl is 
associated with significant mortality post hepatic resection. Therefore, guide-
lines for major resection in patients with underlying liver disease (cirrhotics) 
include “(1) Child-Pugh class A, (2) Platelet count >100,000/μl, (3) No clinically 
significant portal hypertension, (4) Anticipated remnant >40–50% and (5) 
Indocyanine green retention <15% [45].”

• 50–50 criteria and Mullen criteria are other postoperative criteria that have been 
used in predicting postoperative hepatic failure and mortality. The 50–50 criteria 
is an amalgamation of prothrombin time (PT) and serum bilirubin level. In 
patients who are admitted to ICU following postoperative liver failure after 
hepatic resections, PT less than 50% (or PT-INR  >  1.7) and serum bilirubin 
greater than 50 μmol/l (or >2.9 mg/dl) is considered to be an excellent predictor 
of mortality on days 3–5 [48]. The Mullen criteria (bilirubin peak >7 mg/dl on 
postoperative days 1–7) have been found to be more precise than the 50–50 cri-
teria in predicting death from hepatic failure after liver resection [49].

Most of the cases of benign postoperative jaundice without any apparent reasons 
resolve unexpectedly with supportive treatment. However, POHF is a life- threatening 
condition which need special care. So, all the cases of POHF are to be managed in 
ICU where liver functions and coagulation profile are monitored daily. Patients may 
present with associated hepatic encephalopathy which increases mortality. Increased 
level of ammonia due to liver failure is a key pathogenesis in the development of 
encephalopathy. Hepatotoxic drugs are avoided; lactulose and stool softeners are 
used. Coagulopathy is corrected with blood transfusions and fresh frozen plasma 
(FFP) transfusion. Mild cases are managed with supportive treatment with fluid 
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management, correction of tissue oxygenation, infection prophylaxis, and nutri-
tional support. The goal is to promote recovery from immediate injury to hepatic 
tissue, promote regeneration, correction of electrolytes & hypophosphatemia, and 
infection control. Severe cases may present with severe acidosis, jaundice, and 
hemodynamic instability. The treatment includes prevention of multiorgan failure 
and sepsis. The use of N-acetylcysteine does not help in reducing mortality in the 
management of hepatic failure after liver resection [50]. Liver transplantation may 
be considered in refractory cases not responding to supportive treatment [51].

38.7  Exocrine Insufficiency

Pancreatic exocrine insufficiency (PEI) is a common and known complication after 
pancreaticoduodenectomy (PD) in pancreatic malignancy. The Spanish pancreatic 
association has defined PEI as the “inability of the pancreas to perform digestion 
with disturbed pancreatic function [52].”

PEI after pancreatic resection is associated with long hospital stay, increased 
morbidity-mortality, poor nutritional status, and low quality of life [53–56]. 
Common symptoms are abdominal pain, diarrhea, steatorrhea, a sense of heaviness 
in the abdomen, and weight loss. The degree of exocrine insufficiency depends 
upon the extent of surgical resection, remnant pancreatic mass, digestive asyn-
chrony, and perioperative octreotide use [57–61].

Pancreatic enzyme replacement therapy (PERT) is the mainstay of treatment of 
PEI. However, there are no fixed guidelines as to when to start PERT in the postop-
erative period [62]. The United Kingdom National Institute of Clinical Excellence 
has recommended perioperative use of PERT in all patients of pancreatic malig-
nancy undergoing pancreatic resection [63].

In the preoperative setting, the patients are counseled about the probable devel-
opment of PEI in the postoperative period. Preoperative patient counselling and 
education are vital regarding the correct use of PERT. Enzymes are used with all the 
meals, snacks, and drinks. Usually, PERT is started with a dose of 50,000–75,000 
units of lipase with a meal and 25,000–50,000 units with every snack [64, 65]. With 
time, a patient is able to adjust the dose of PERT according to his symptoms and 
diet. However, patients are followed up and managed accordingly with serial anthro-
pometric measurements, change in pancreatic functions, blood sugar optimization, 
and supplementation of diet with vitamins and micronutrients [66–68].

38.8  Vitamin Deficiency

Hypophosphatemia is a common presentation in the early days of hepatic resection. 
It needs attention and prompt correction [69]. The exact mechanism of hypophos-
phatemia is unclear. However, increased utilization during liver regeneration and 
renal wasting mechanism has been suggested. Interestingly, failure to develop hypo-
phosphatemia is an indicator of postoperative hepatic insufficiency and increased 
mortality [70].
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The clinical features of hypophosphatemia include respiratory depression, dia-
phragmatic insufficiency, seizures, and cardiac instability. Hepatocellular regenera-
tion is adenosine triphosphate (ATP) dependent and if phosphate is not replenished 
adequately, the regeneration process may be impaired significantly [71].

In a study involving 35 liver resections, 21% had significant postoperative hypo-
phosphatemia (<2.5  mg/dl) which was associated with increased complications 
(80%) as compared to normophosphatemic patients (28%) [72]. Contradictory to it, 
lower phosphate levels in the early postoperative period in 2342 patients following 
both proximal and distal pancreatectomies were associated with a greater risk of 
morbidity and postoperative pancreatic fistula (POPF) [73]. Therefore, persistent 
lower phosphate levels should be taken seriously with suspicion of postoperative 
leak or fistula. It needs prompt radiological evaluation and treatment [74].

Deficiencies of micronutrients such as vitamin A, iron, zinc, and selenium can be 
seen after pancreaticoduodenectomy (PD). In long-term survivors of PD, patients 
are advised to have diets rich in micronutrients. They are screened for osteopenia 
and levels of trace elements and fat-soluble vitamins. Micronutrients like vitamin 
B6, B12, and 25-OH-vitamin D3 must be monitored in post-PD patients and supple-
mented as required [75]. Bowel function cannot be neglected and its optimization 
with the help of diet, enzyme supplementation, and antidiarrhoeal therapy helps in 
improving the overall quality of life.

38.9  Diabetes Mellitus

About 50% of the pancreatic mass is removed during pancreatoduodenectomy 
which results in endo as well as exocrine pancreatic insufficiency. American 
Diabetes Association has defined “New-onset diabetes mellitus” (NODM) after 
pancreatectomy as pancreatogenic or type 3c diabetes mellitus [76]. In a study, it 
was found that the incidence of NODM after PD was 22% and most of the patients 
had developed in the first postoperative period. It is difficult to predict the incidence 
of NODM, as patient’s insulin sensitivity, environmental and genetic factors vary 
and play an important role [77]. However, Percentage pancreatic remnant volume 
(%RV) post PD which can be determined by computer tomography (CT) preopera-
tively was found to be an independent predictor of NODM. A %RV of <48.8% was 
found to be a predictor of NODM [78].

Postoperatively, glucose metabolism insufficiency is reflected as increased blood 
sugar and glycosylated hemoglobin and low levels of insulin and C-peptide. 
According to American Diabetes Association to prevent the development of NODM, 
it is recommended to have an annual follow-up, lifestyle changes, and use of oral 
hypoglycemic drugs if there is impaired glucose intolerance or HbA1c above 6.4% 
[79]. It is therefore prudent to inform the risk of postoperative NODM during pre-
operative counseling. Patients and their families should be made aware of its early 
detection and management in the postoperative period.
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38.10  Pain Management

Patients experience significant pain in the early postoperative period. The reason 
being the large subcostal incision that is given for major hepatopancreatobiliary 
surgery. Effective pain management helps in early ambulation, better respiratory 
functions, hemodynamic stability, and smooth extubation in the postoperative 
period. Postoperative pain management becomes challenging in a post-hepatectomy 
patient as there is significant coagulopathy and alteration in pharmacokinetics of 
drugs used for pain management, such as narcotics and sedatives.

Opioids are the mainstay analgesics to be used. However, inappropriate use of 
narcotics and sedatives in ICU can lead to oversedation. Prolonged respiratory 
depression results in atelectasis, aspiration, and postoperative pneumonia. Therefore, 
narcotics and benzodiazepines should be used in minimal doses to achieve optimal 
analgesia. If available remifentanil is the choice of opioid because of its limited 
hepatic metabolism [80]. Fentanyl is easily available and are considered to be a bet-
ter option in case of renal dysfunction [81].

For patients who require postoperative mechanical ventilation, propofol is con-
sidered to be a better choice. The reason being the level of sedation that can be eas-
ily titrated, reversed, and allows more reliable serial neurologic assessment in ICU 
[82]. Dexmedetomidine can be used as a probable substitute for propofol because of 
its rapid onset and metabolism [83].

Non-steroidal anti-inflammatory drugs (NSAIDs) are better avoided in post hep-
atectomy patients. The reasons are the risk of peptic ulceration, bleeding, the risk of 
hepatorenal syndrome, and renal failure [84]. However, intravenous paracetamol 
can be used in a dose not greater than 2 g/day in patients with liver impairment [85].

Epidural pain management may be considered as an optimal analgesic technique 
after hepatic resection. However, continuous epidural analgesia is frequently 
avoided due to the risk of coagulopathy, thrombocytopenia, and hematoma forma-
tion. In a review of eight patients with epidural catheters, good pain control was 
achieved, with only one case of oversedation requiring naloxone. Although postop-
erative coagulopathy did occur, it was not to the extent that factor transfusion was 
needed before catheter removal, and there were no cases of hemorrhage. Patient- 
controlled analgesia (PCA) has been also found to be safe and effective in achieving 
optimal analgesia after hepatic resection [86]. However, Patient-controlled analge-
sia with basal rate infusion of narcotics is to be avoided as the metabolism of narcot-
ics is difficult to be predicted in post-hepatic resection patients. Intrathecal morphine 
in a dose of 0.3–0.5 mg can be used as an alternative in patients with coagulopathy. 
This reduces the systemic requirement of morphine in the early postoperative 
period. Intrathecal morphine with PCA has been found to be a better alternative to 
a thoracic epidural in a resource-limited setting. It is associated with lower morbid-
ity and overall complications [87].
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39.1  Introduction

Cytoreductive surgery (CRS) along with Hyperthermic intraperitoneal chemother-
apy (HIPEC) has been standard of care for a subset of patients with peritoneal sur-
face malignancies (PSM) including primary peritoneal malignancies like 
mesothelioma and peritoneal involvement secondary to ovarian, colorectal, gastric 
and appendicular malignancies. As a first step, cytoreductive surgery (CRS) is per-
formed after which chemotherapeutic agents heated to 41–43 °C are infused intra-
operatively using a dedicated HIPEC machine. As chemotherapeutic drugs can 
penetrate the peritoneal membrane for a maximum of 3 mm, CRS is performed to 
increase the effect of these drugs [1]. CRS includes an amalgamation of multiple 
complex procedures like excision of the primary tumor, omentectomies, peritonec-
tomies, bowel and other organ resections as considered necessary to achieve a mac-
roscopically tumor free peritoneal cavity. Multiple factors decide the efficacy of 
HIPEC such as patient factors, clinical factors, treatment parameters, type of drug 
and techniques, drug concentration, carrier solution, perfusate volume, temperature 
and duration of treatment [2]. A high variability exists with regard to HIPEC treat-
ment globally based on disease type and institutional protocols.

Blood loss and massive transfusions can frequently be a part of such major oper-
ations which can pose an added insult to the perioperative course. In general, this 
procedure involves prolonged duration of anesthesia, fluid and electrolyte shifts, 
thermal stress, along with toxic effects of chemotherapy and acid base disturbances. 
In a systematic review by Chua et al., including data from retrospective and pro-
spective studies reporting CRS with HIPEC, authors reported a mean operative time 
ranging from 5 to 10 h and significant blood loss as high as 3.5 L [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_39&domain=pdf
https://doi.org/10.1007/978-981-16-9929-0_39#DOI
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Perioperative and critical care management plays a very important role for opti-
mal outcomes following CRS and HIPEC. This chapter will focus on the critical 
care management issues related to CRS and HIPEC.

39.2  Basic Surgical Concerns and Need for Admission in ICU

Multiple factors decide shifting the patients to ICU intubated or following extuba-
tion in the operating room. Some of the important ones are: existing major comor-
bidities of cardiac or respiratory system, blood loss, transfusion requirements, 
hemodynamics, metabolic factors towards end of surgery. Most of the time patients 
are shifted to ICU immediately after surgery (46–74%). In approximately 50% of 
cases endotracheal tube (ETT) is removed in the operating theatre (OT) [4]. Centers 
without ICU facilities can gain from experiences of high-volume centres on case 
selection or situations (e.g. Low volume disease, less blood loss etc.) where an ICU 
can be avoided. The following factors are important for a favorable postoperative 
outcome [5]

 (a) Immediate or early extubation
 (b) Epidural analgesia,
 (c) Postoperative monitoring in ICU
 (d) Immediate initiation of parenteral nutrition in postoperative period
 (e) Stringent fluid status monitoring

Stress response in the postoperative period involves all major organ systems like 
cardiovascular, respiratory, coagulation, renal and endocrine system [6, 7]. During 
postoperative course patients may experience hyperthermia-related coagulopathy, 
hyperglycaemia, low-grade fever and mild pain. Besides these, secretory diarrhoea 
may occur in the first week. Other biochemical changes can be observed like tran-
sient severe hypophosphatemia (due to renal tubulopathy) and altered liver function 
tests (transaminitis following extensive electrocautery use on the liver capsule). 
Inflammatory markers like C-reactive protein and interleukins usually return to nor-
mal within 12–24 h. Total leukocyte count and platelet counts also decreases within 
a couple of weeks. Recommendations were laid down for postoperative care and 
ICU admission by the Society of Onco-anaesthesia and perioperative care and are 
described in Table 39.1 [5].

39.3  Monitoring in ICU (Hemodynamics/Coagulation Profile/
Temperature/Electrolytes)

39.3.1  Haemodynamic Monitoring

These patients need invasive blood pressure monitoring and frequently also may 
require central venous pressure monitoring besides standard monitoring practices 
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such as electrocardiogram, noninvasive blood pressure, pulse oximetry, end-tidal 
CO2 monitoring and core-body temperature monitoring [8]. In patients with signifi-
cant disease burden (PCI >15) cardiac output monitoring can additionally be used. 
Goal-directed therapy (GDT) in CRS-HIPEC had shown to decrease morbidity and 
thereby shorten postoperative hospital stay. Additionally, there was no difference in 
mortality.

Throughout the surgery at regular intervals arterial blood gas monitoring is often 
needed to assess gas exchange, electrolyte, glucose and lactate levels [8]. Serum 
magnesium level monitoring is preferred both before initiating HIPEC phase and 
also in the postoperative period. This is because hypomagnesaemia can occur after 
fluid infusion (dilution) and following platinum-based chemotherapy perfusion [9]. 
Ionized calcium should also be monitored and corrected if there is massive transfu-
sion of blood and blood products.

Table 39.1 Postoperative and ICU care recommendations [5]

Sl no Recommendation

Evidence 
available (yes/
no)/consensus 
only

1 Should not routinely extubate the trachea on operating table Yes
2 Attempting extubation in the operating room should be done in 

low-volume (low PCI) cases
Yes

3 Haemodynamically unstable patients should be transferred to ICU 
with endotracheal tube in situ

Consensus

4 Those patients undergoing massive blood loss, high arterial lactate 
and diaphragmatic striping may be considered for transfer to ICU 
with endotracheal tube in situ

Consensus

5 The decision to transfer patient to ICU with endotracheal tube in 
situ or with after tracheal extubation in patients who have 
undergone prolonged (>10 h) surgery, presence of preoperative bad 
pulmonary functions and major cardiac or non-cardiac 
comorbidities should be individualised

No

6 Fluid therapy in postoperative period should be 
based on

Fluid therapy 
guided by mean 
arterial pressure, 
heart rate and 
urine output

Consensus

Fluid therapy 
guided by 
arterial lactate 
concentration

Consensus

7 Starting early enteral nutrition or parenteral nutrition in patient 
who cannot tolerate enteral nutrition

Yes
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39.3.2  Goal for Intraoperative Urine Output

Following CRS-HIPEC, acute kidney injury (AKI) can be witnessed in 21–48% of 
patients [10]. Some of the predictors of development of AKI are higher age, BMI, 
pregabalin use (preoperatively), platinum-based chemotherapy, massive blood loss, 
high blood pressure and low intraoperative diuresis. Factors associated with devel-
opment of AKI were low intraoperative urine output, angiotensin II receptor antago-
nist use and raised blood pressure [9]. Urine output is used as a surrogate marker for 
intraoperative measurement of renal perfusion. The target urine output during vari-
ous phases are 0.5 mL/kg/h during CRS phase, 2–4 mL/kg/h during the HIPEC and 
1–2 mL/kg/h after HIPEC across various studies [11]. However fluid therapy should 
also be individualized from patient to patient.

There are also controversies about hydration and higher diuresis during 
HIPEC. Firstly, chemotherapy is administered intraperitoneally rather than usual 
intravenous route. Secondly, with variation in surface area the degree of absorption 
and serum concentration may vary. Thirdly, clearance of a drug depends on the renal 
blood flow rather than urine output. Finally, the etiology of renal failure can be often 
multifactorial instead of attributing only to platinum. Thus, maintaining euvolaemia 
by individualising fluid therapy seems essential.

39.3.3  Coagulation Monitoring

The etiology of coagulopathy is multifactorial and depends on various factors like 
the duration of surgery, PCI, resection extent, blood loss and hemodilution. This in 
turn depends on the volume of replacement fluids (crystalloids and colloids), packed 
red cells transfusion and temperature attained (hypothermia). Postoperatively, coag-
ulopathy peaks at 24 h and can remain up to 72 h [12]. Intraoperative monitoring of 
coagulation parameters periodically is advisable. Most centres use prothrombin 
time (PT), activated partial thromboplastin time (aPTT) and international nor-
malised ratio (INR) for monitoring in preoperative and postoperative period [13]. 
Thromboelastography (TEG or ROTEM) is used additionally in some centres 
[13, 14].

39.3.4  Fluid Management

An important aspect of haemodynamics in patients undergoing CRS-HIPEC is sus-
taining an optimal fluid balance. Intraoperative fluid loses may reach as high as 
12 mL/kg during CRS phase [15]. To ensure optimal haemodynamic goals without 
causing volume overload adequate perioperative crystalloids and colloids are 
needed. Hydroxyethyl starch (HES) was found to have a adverse impact on the renal 
function in patients undergoing HIPEC. HES causes increased perioperative bleed-
ing compared with crystalloids and albumin and increased reduction in maximum 
amplitude on TEG.  Isotonic normal saline has high chloride content which can 
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induce hyperchloremia and metabolic acidosis. Ringer’s lactate and acetate-based 
solutions, have an electrolyte composition nearly similar to plasma and are gener-
ally preferred.

Increased fluid administration can be dangerous as it could lead to overload and 
tissue oedema thereby causing abdominal, cardiac or pulmonary complications. An 
increase in morbidity has been associated with fluid overload. Restrictive fluid regi-
mens have demonstrated decreased perioperative mortality in other major surgical 
procedures. However, restricted fluid therapy can cause suboptimal tissue and renal 
perfusion in the face of extreme haemodynamic changes that occur during the 
phases of CRS-HIPEC. Secondary to surgical dissection, an extensive loss of pro-
tein in the ascitic fluid was observed. Hence, albumin replacement was found to be 
beneficial in patients requiring extensive debulking and large-volume ascitic fluid 
drainage.

39.3.5  Temperature Management

In the perioperative period among patients undergoing CRS-HIPEC, maintaining a 
normothermic status is a challenging goal. Wide variations in temperature can be 
caused by extensive CRS and HIPEC [16]. During the HIPEC phase hyperthermia 
raises metabolic rate, consequentially resulting in increased heart rate, demand for 
oxygen, end-tidal carbon dioxide, lactatemia and metabolic acidosis [16]. These 
peak of the hyperthermia usually reaches a peak level by 60 min after starting infu-
sion. Once the temperature normalizes these hyperdynamic alterations reverse. 
Hyperthermia can lead to coagulopathies, renal and liver dysfunction, neuropathies 
and seizures. High body temperatures can be prevented by using forced air warmers 
at ambient temperature, using cold intravenous fluids (<6 °C), cooling mattress and 
ice packs placed in the axilla and head and neck area before initiating HIPEC. Cooling 
(active or passive) the patient before starting the HIPEC phase can also be done. 
During the CRS phase, a lower body temperature (hypothermia) can be associated 
with cardiac morbidity, decreased humoral and cell-mediated immunity and acid–
base abnormalities [14]. Hence, body temperature should be kept at normothermic 
levels forced air warming with blankets and blood/fluid warmers.

39.4  ICU Management

39.4.1  Coagulation and Blood Products

Substantial blood loss may occur during cytoreductive surgery, and transfusion may be 
necessary. A hemoglobin transfusion threshold of 8 g/dL is considered by many centers.

Commonly used drugs include antifibrinolytic group i.e., tranexamic acid and 
epsilon aminocaproic acid. These are used routinely for high blood loss during vari-
ous surgeries (e.g., cardiac surgery, orthopedic and spine surgery). Little literature 
exists for the use of tranexamic acid during CRS with HIPEC.
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Abnormal coagulation can also be caused by hyperthermia but that in practical 
this is less likely at usual core body temperatures during HIPEC [16]. Most institu-
tions consider sending blood studies for hemoglobin, platelets, fibrinogen, and 
coagulation parameters as necessary based on blood loss, and correct abnormalities. 
Thromboelastography can be useful tool to help diagnose coagulopathy.

The timing of removal of the epidural catheter can be affected by alteration in 
coagulation parameters and platelet counts following CRS and HIPEC. The reasons 
for coagulopathy can be multifactorial, including dilution related to blood loss, che-
motherapy effects, and other factors. Most patients return to normal by postopera-
tive day 6.

39.4.2  Fluid Therapy

39.4.2.1  Restrictive Fluid Therapy
Restrictive or goal directed fluid therapy is suggested rather than a liberal adminis-
tration, to decrease complications related to fluid overload. Some of the useful 
points are highlighted below:

• A Crystalloid solution is used for maintenance IV fluid therapy at 4 mL/kg/h.
• Aim for urine output between 0.5 and 1 mL/kg/h during cytoreduction and 4 mL/

kg/h during HIPEC.
• If the patient remains hypotensive and SVV and urine output thresholds have 

been reached, start a vasopressor.
• Ongoing bleeding as a source of hypotension should be investigated, and labora-

tory studies used to determine whether blood product transfusions are needed.
• Continue goal directed therapy in the postoperative period, adding vasopressors 

as necessary to maintain hemodynamic stability. Aim for urine output of 
>0.5 mL/h.

39.4.2.2  Restrictive Versus Goal Directed Versus Liberal 
Fluid Therapy

Early advocates for CRS with HIPEC included liberal fluid administration, particu-
larly during HIPEC phase. But, practice has gradually shifted towards more restric-
tive fluid therapy for all major abdominal procedures, including CRS with 
HIPEC. Many institutional protocols now-a days include restrictive or goal directed 
fluid therapy. This practice change has resulted in low complication rates, morbidity 
and mortality [17]. Liberal fluid administration during CRS with HIPEC has also 
been associated with increased perioperative pulmonary and cardiac morbidity. For 
instance, in a randomized trial of goal directed versus standard fluid therapy for 80 
patients (CRS with HIPEC), the incidence of major abdominal complications has 
decreased significantly (10.5 versus 38%). Additionally, the length of hospital stay 
also decreased (19 versus 29 days) in the group who received goal directed therapy 
(GDT). In a retrospective review of 169 CRS with HIPEC cases before and after an 
institutional change from liberal to restrictive fluid therapy, restrictive fluid therapy 
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was associated with decreased 60-day complications and reduced hospital length of 
stay. Renal failure and peak creatinine rates were similar between groups [18].

39.4.3  Electrolytes

It is prudent to check blood gases and electrolytes every 30 min during HIPEC and 
during the two hours after infusion of HIPEC is complete. Abnormalities in electro-
lytes occur commonly as chemotherapy is infused during HIPEC [19]. The meta-
bolic acidosis is multifactorial including:

 (i) Massive fluids shifts and electrolyte disturbances due to hyperthermia gener-
ated in the peritoneal cavity.

 (ii) Hyperthermia induced vasodilation and systemic hypotension lead to increased 
lactic acid production.

 (iii) Lysis of tumor cells releasing organic acids.

As intra-abdominal pressure increases, respiratory acidosis occurs during the 
HIPEC phase, due to increased airway pressure and decreased functional residual 
capacity. Dextrose infusions containing carrier solutions can cause hyperglycemia 
and hyponatremia. Intravenous insulin infusion is usually required to correct hyper-
glycemia. Other electrolyte disturbances can also be encountered including hypo-
magnesemia, hypokalemia, and hypocalcemia .Postoperative electrolyte 
disturbances are very common as large intraoperative fluid shifts can occur follow-
ing intravenous fluids administration and absorption of carrier solutions used dur-
ing HIPEC.

39.4.4  Transfusion of Blood and Blood Products

CRS and HIPEC procedures are among the most extensive abdominal surgeries in 
terms of duration, multi-visceral resections and stripping of parietal peritoneum 
over large surface area resulting in significant blood loss. As per an Australian study 
77% of patients undergoing CRS & HIPEC require intraoperative blood transfu-
sion. High tumor burden (i.e. PCI > 15), extensive surgery (operative length more 
than 9 h or more than three peritonectomy procedures), preoperative anemia and 
impaired coagulation profile (INR > 1.2) are risk factors for massive blood transfu-
sion (MBT) [20].

The deleterious effects of blood transfusion in colorectal surgeries are well 
known. It is associated with increased postoperative morbidity and inferior long- 
term outcomes [21, 22]. In patients undergoing CRS and HIPEC, a dose-dependent 
relationship between amount of packed red blood cell (PRBC) transfusion and 
oncological outcomes has been established [23]. Also, in a single centre experience 
of 936 patients, it was found that MBT (5 or more units) was associated with an 
increase in peri-operative grade III/IV morbidity and mortality. MBT was also 
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associated with a significant compromise in long term survival among patients of 
colorectal carcinoma and pseudomyxoma peritonei. This is because allogenic blood 
transfusion aggravates systemic inflammation and transfusion-related immunomod-
ulation [24].

Therefore, it is suggested that strategies to reduce incidence of MBT be imple-
mented to achieve better perioperative and oncological outcomes. This can be 
achieved by increasing the threshold of blood transfusion, reduction of intraopera-
tive blood losses and preoperative correction of anemia.

Restrictive approach (trigger of hemoglobin <7 g/dL in asymptomatic patients 
without significant cardiac comorbidity) and liberal approach (‘10/30’ approach: 
transfusion for hemoglobin <10 g/dL or hematocrit <30%) are the two approaches 
to blood transfusion. Upon meta-analysis, restrictive strategy was equivalent to lib-
eral strategy in terms of peri-operative morbidity and mortality [25]. A Cochrane 
review of 31 trials across multiple specialities provides a good evidence that trans-
fusion threshold of 7–8 g/dL with allogenic PRBCs is adequate for most patients 
[26]. Therefore, it would be prudent to adopt a restrictive approach to transfusion in 
patients undergoing CRS and HIPEC, so as to reduce the incidence of MBT.

Intraoperative blood losses can be minimized by improved surgical techniques 
and maintaining a prothrombotic state intra-operatively. Surgically, losses can be 
minimized by effective sealing of vessels using energy devices and double ligation, 
packing and compression of the operative field with dry gauzes after excision and 
by application of hemostatic materials. A balanced pro-thrombotic state can be 
achieved intraoperatively by appropriate transfusion of fibrinogen, prothrombin and 
calcium during peritonectomy. Sargant et al. [27] described a protocol to maintain a 
higher average fibrinogen levels intraoperatively and postoperatively. As per the 
protocol, Tranexemic acid is administered at the beginning of surgery and repeated 
at 4 h into the surgery. Throughout the surgery, the goal is to maintain the patient’s 
fibrinogen level at 2 g/dL.

Alleviation of anemia preoperatively can significantly reduce requirement of 
peri-operative transfusion. In a Greek study, patients of gastro-intestinal tract 
cancer- induced anemia were randomised in a double-blind fashion to receive preop-
erative iron and recombinant erythropoietin (rEPO) or else placebo and iron. The 
patients who received rEPO received significantly fewer transfusions intraopera-
tively and postoperatively. Also, these patients experienced lower post-operative 
morbidity and improved 1-year survival [28].

39.4.5  Analgesia Modalities and Advantages

Pain after CRS and HIPEC is caused both due to inflammation caused by surgical 
injuries and chemotherapy agents which result in stimulation of peripheral as well 
as central nociceptors.

The optimal analgesic regimen for a major surgery should provide good pain 
relief, facilitate early mobilisation, early return of gut function and to prevent respi-
ratory complications [29]. There are no randomised trials providing evidence for 
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superior analgesic regimen in CRS & HIPEC. Multimodal analgesia (regional anal-
gesia and local anesthesia), in order to reduce doses of parenteral opioids, remains 
the cornerstone of analgesia management.

Thoracic epidural anesthesia (TEA) containing short acting opiates and local 
anesthetics should be administered for at least 72 h after surgery [30]. TEA aids in 
recovery of gut function, improves the stability of anastomosis by aiding early 
recovery of gut function and reduces pulmonary complications [31–33]. Epidural 
block should be administered before incision and should include segments T5 to 
T11 [34]. An improved survival was noted when TEA was used for a minimum of 
48 h postoperatively, among colorectal cancer and ovarian cancer patients undergo-
ing HIPEC, upon retrospective analysis.

Combination of short-acting opioids and local anesthetics is considered the best 
for TEA, as this combination reduces the risk of hypotension and motor block due 
to sympathetic blockade [35]. In comparison to conventional continuous epidural 
infusion, patient controlled epidural analgesia is gaining popularity [36]. TEA 
should be removed 48–72 h postoperatively. Breakthrough pain, hypotension and 
neurological side effects of TEA should be treated as per local policy [34].

As HIPEC can potentially affect hemostasis and cause thrombocytopenia, 
administration of TEA is potentially unsafe. Korakiantis et  al., in a prospective 
study, demonstrated that TEA is a safe option in patients undergoing CRS & HIPEC 
[37]. In a retrospective study evaluating 4277 patients who underwent CRS & 
HIPEC, none of the patient had postoperative epidural hematoma [38].

Transversus abdominal plane (TAP) block was found to be non-inferior to TEA 
in a study evaluating the postoperative analgesic effects of the two modalities in 
open colorectal surgery. TAP block produces analgesic effects on anterior abdomi-
nal wall skin, muscle and parietal peritoneum by acting on lower thoracic nerves 
(T7 to T12) and the anterior branch of first lumbar nerve (L1). Requirement of 
parenteral opioids can be effectively reduced by TAP block [39].

Paracetamol is a vital part of multimodal analgesia. NSAIDs can be given but 
careful consideration should be made in patients with renal dysfunction. Use of 
alternative analgesic drugs such as lidocaine, ketamine or gabapentin are presently 
not recommended, awaiting further studies.

39.4.6  Extubation Planning

Among patients undergoing CRS & HIPEC, the rate of extubation varies from 62 to 
100%, depending upon institutional policy [40–42]. Most patients undergoing CRS 
& HIPEC can be extubated after surgery. A few patients, who are clinically unsta-
ble, require ionotropic support, had diaphragmatic resection or multiple comorbidi-
ties, remain intubated and are shifted to ICU for postoperative ventilation.

Criteria for extubation in CRS & HIPEC patients have not been defined and dif-
fer with institutional practices and anesthesiologist’s comfort and experience. In a 
retrospective study by Balakrishnan et al. [42], higher PCI, longer duration of sur-
gery, higher delta temperature, increased estimated blood loss, high intraoperative 
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fluid requirement, lower mean arterial pressure and higher blood product require-
ment were associated with prolonged post-operative ventilation (>24 h) and longer 
ICU stay.

The advantages of early extubation include early ambulation and shorter dura-
tion of sedation, resulting in earlier return of bowel function and shorter duration of 
hospitalisation. Opioid requirement in perioperative period is reduced upon use of 
TEA and local anesthetic infusion, thereby facilitating early extubation.

ERAS guidelines for perioperative care in CRS & HIPEC recommend early 
extubation to be performed routinely in absence of contra-indications [43].

39.4.7  Thromboprophylaxis

Stasis, hypercoagulability and endothelial injury are the classic risk factors associ-
ated with venous thromboembolism (VTE) and are usually present in patients after 
CRS & HIPEC. Western data suggest that without thromboprophylaxis, 30–50% of 
patients of peritoneal malignancy undergoing surgery may experience VTE [44]. It 
is the most common cause of death in perioperative period [45].

Risk factors for VTE include disease burden, blood transfusion and extent of 
surgery, PCI, blood loss, operative time, length of hospital and ICU stay and lack of 
administration of anticoagulant on discharge [46]. Standard guidelines for thrombo-
prophylaxis among patients undergoing major cancer surgery can be extrapolated to 
patients undergoing CRS & HIPEC.

It is observed that 2/3rd of cases of VTE occur in patients ‘after’ discharge. 
Extended thromboprophylaxis reduce the 60 day VTE rate from 10 to 5% and post 
discharge VTE rate from 8 to 2%. ERAS guidelines for CRS & HIPEC strongly 
recommend use of peri-operative mechanical and pharmacological thromboprophy-
laxis and also recommend extended pharmacological thromboprophylaxis [30].

39.4.8  Immediate Postoperative Complications

Review of literature reports 18–52% major morbidity in patients undergoing CRS 
& HIPEC during the post-operative period [47]. Majority of complications are 
related to surgical procedures and can be handled as per standard guidelines. In this 
section, we will be focussing on immediate systemic complications caused 
by HIPEC.

Risk of postoperative renal dysfunction is significant and multifactorial. 
Nephrotoxicity is the main dose-limiting side effect of cisplatin, especially at 
doses greater than 240 mg [48]. Sodium thiosulfate can be used to reduce the risk 
of renal failure [49]. Mitomycin C (MMC) can also less commonly lead to neph-
rotoxicity. Goal directed fluid resuscitation and optimising oxygen delivery by 
hemodynamic monitoring is perhaps the most suitable method to prevent and/or 
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treat nephrotoxicity [50]. Use of other nephrotoxic agents in these patients should 
be avoided. Tissue inhibitor of metalloproteinases-2 (TIMP-2) and insulin-like 
growth factor binding protein 7 (IGFBP 7) have been approved by USFDA as 
biomarkers for risk stratification of acute kidney injury (AKI) in critically ill 
patients and can be extrapolated for use among patients undergoing HIPEC [51].

Respiratory complications are important source of morbidity after CRS & 
HIPEC and should therefore be prevented by prophylactic usage of non-invasive 
ventilation (NIV) or HFNC and routine implementation of thoracic epidural 
analgesia.

Septic shock and multisystem organ failure is the leading cause of mortality in 
patients undergoing CRS & HIPEC and causative factors include extensive nature 
of procedure, immunosuppression due to previous chemotherapy, surgical compli-
cations as well as extensive peritoneal inflammation and inflammatory response.

Hematological toxicity is a recognised complication of HIPEC and has been 
reported in up to 10–28% of patients in postoperative period [52]. It appears to be 
primarily related to the type of chemotherapy agent used for HIPEC. Using a dose 
of MMC 35 mg/m2 over 90 min of HIPEC can result in postoperative neutropenia/
leukopenia in as many as 27% of patients. Routine prophylactic granulocyte colony- 
stimulating factor (G-CSF) does not alter neutropenia rates but may be used to avoid 
or prevent profound aplasia when white cell counts are decreasing [53].

Major surgical complications are anastomotic leaks (0–9%), intraabdominal 
abscesses (0–37%), intestinal perforation/peritonitis (0–10%), fistulas (0–23%) and 
prolonged ileus (0–86%). Intra abdominal bleeding, bile leaks, pancreatitis, major 
wound infections, acalculous cholecystitis, mesenteric ischemia, mechanical intes-
tinal obstruction are other surgical complications that can be encountered after CRS 
and HIPEC

39.5  Conclusion

Peri-operative management and critical care are extremely important determinants 
of outcomes following CRS and HIPEC. Dedicated multi-disciplinary teams includ-
ing Anesthesiologists, and critical care experts play a significant role in the manage-
ment of these patients. Protocol based management approach and establishment of 
standard operating procedures is critical for optimal outcomes. Important domains 
need to be focussed include fluid, blood and protein losses, increased intra- 
abdominal pressure, systemic hypo-/hyperthermia and increased metabolic rate in 
patients undergoing HIPEC. TAE and NIV are recommended to ensure adequate 
pain relief and early post-operative extubation. Postoperatively, volume status opti-
mization, early nutrition support, sufficient anti-coagulation and point of care coag-
ulation management are essential. Systemic toxicities need to be identified early 
and optimally managed.
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40.1  Communication in Intensive Care Unit

Communication is a mutual exchange of information between two or more individ-
uals—a basic requirement of life and vital in truly commenting with the patient and 
their family members. The intensive care unit (ICU) environment can be very over-
whelming, introducing high levels of stress, anxiety, and depression and effective 
communication improves decision-making and contributes to patient and family 
satisfaction as well as their psychological well-being [1–3].

This can also ease the transition from curative to palliative care and reduce the 
use of futile therapies. Even though communication between healthcare providers, 
patients, and families has been identified as critically important, it is also the least 
accomplished factor in the quality of care in intensive care units because of lack of 
education and training. Inadequate communication is one of the important reasons 
for treatment conflicts. It is recommended that proactive communication should be 
implemented to prevent intractable treatment conflicts [4].

The single biggest problem with communication is the illusion that it has taken place. 
George Bernard Shaw.

Some of the problems in intensive care unit communications are unfamiliar sur-
roundings from alarms, the severity of illness, altered mental status from sedatives 
or illness, and barriers of verbal communication because of the endotracheal tube. 
The communication between family members and clinicians is often time con-
fusing because of various communication techniques, physician workload, and 
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multi- disciplinary team managing the patients [5]. Transparent communication 
improves patient understanding and supports autonomy, informed decision-making, 
and relationship development [6, 7]. Proactive transparency appears promising to 
increase understanding and collaboration. More than 50% of family members do 
not understand a diagnosis, prognosis, or treatment. The clinician-family commu-
nication can be improved with standard scheduled family-centered rounds, inter-
disciplinary family meetings, daily updates, and electronic patient portals. This has 
been shown to improve patient-family satisfaction scores in intensive care units. It 
is important to understand the barriers and facilitate family participation in inten-
sive care unit rounds. The day may sound like a daily routine for the ICU team 
but not for patients or family members. Empathetic communication is often lack-
ing because of barriers like time constraints, chaotic environment, managing own 
emotions, and patient’s negative affect and empathetic communication benefits both 
patients and physicians. Physicians with higher empathy scores have lower burnout, 
a higher sense of well-being.

Telemedicine options may facilitate family participation for families who live far 
away or have time constraints [8]. There are multiple apps and online resources 
available as well to achieve communication goals and decrease barriers like lan-
guage. Family members can also participate virtually during daily rounds and get 
updates.

The American Thoracic Society, Society of Critical Care Medicine, and European 
Society of Critical Care Medicine recommended practices for improving communi-
cation and support in the intensive care unit. This includes conducting regular, inter-
professional family meetings in a dedicated meeting space. It is important to 
establish consensus among treating clinicians before the meeting. The physicians 
should use family-centered communication strategies and foster shared decision- 
making. While communicating to the family members or surrogates, provide infor-
mation in small chunks, acknowledge and address emotion and support religious/
spiritual needs and concerns.

40.2  Realistic Hope

The communication of distressing news with patients can be very stressful to physi-
cians, patients, and family members. There is a delicate balance between fostering 
realistic hope and unethically creating unrealistic expectations. A study by Hegarty 
et al. [9] showed the majority of patients preferred a realistic and individualized 
approach with detailed information when discussing prognosis. Research is lacking 
in determining how patients define hope and how healthcare professionals commu-
nicate hope to patients. Hope is a core need and tool for dealing with cancer illness 
and promotes cancer patient’s adaptability to their illness [10].
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40.3  The Psychological Aspect of Cancer Diagnosis

A cancer diagnosis can cause stress, anxiety, and depression (SAD) in patients, 
families, and caregivers. It is vital to provide psycho-educational and psychosocial 
support and psychotherapy for cancer patients and their families. Depressive feel-
ings and disappointment were reported by 90% of patients while 85% of them 
reported fear, hopelessness, and emptiness in a study by Klikovac et al. [11]. Many 
people experience shock, anxiety, denial, and depression as stages of adjustment. 
This is followed by withdrawal, anger, acknowledgment, acceptance, and adjust-
ment. The prevalence of psychological symptoms in family caregivers of critically 
ill patients in ICU vary widely and includes depression, anxiety, post-traumatic 
stress disorder [12] and it is directly proportional to ICU length of stay.

The cancer diagnosis leads to a potential for an unpredictable course [13] and a 
complex set of issues, including dealing with physical symptoms from the disease 
and treatment. The six feared “D”—discomfort, dependency, disfigurement, dis-
ability, disruption, disengagement, and death mentioned by Holland et al., [14]. The 
complexity and variability of psychological issues associated with cancer have cre-
ated the demand for highly skilled practitioners who are trained to provide multi-
level assessment and intervention throughout the illness continuum. Cancer has 
more than a physical impact, there are psychological, social, spiritual, informa-
tional, physical, emotional, and practical consequences as well.

The survivors from cancer have fear and uncertainty, changes in family roles, 
changes in employment, and increased risk for additional cancers [15]. Encouraging 
patients and caregivers to discuss personal cancer-related concerns may improve 
their ability to cope with the illness together [16].

40.4  Medical Ethics

Ethics are a cornerstone to the proper and professional practice of medicine. We 
often face ethical and decision-making challenges in intensive care units. Conflicts 
happen with the right to refuse or the right to demand treatment. An unconscious 
patient who has no close relatives or friends, no power of attorney, the clinical team 
cannot make decisions. For example, an elderly woman in ICU after cardiac arrest, 
confirmed hypoxic brain injury, no advance directive, and lack of surrogate brings 
ethical challenges with decision-making regarding continuation or discontinuation 
of care. An unrepresented patient lacks decision-making capacity, has no advance 
directive or surrogate decision-maker.

An increasing number of patients are dying in intensive care units and up to 90% 
of ICU deaths occur after the decision to withdraw life support and of those up to 
95% of patients are not capable of making decisions [17, 18]. Ethical dilemmas 
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have increased significantly since the early 1990s mainly because of the develop-
ment of advanced medical technologies and therapies. Medical ethics guide 
decision- making and provide a moral compass to use in not so straightforward 
situations.

The 6 basic principles of medical ethics include autonomy, beneficence, nonma-
leficence, veracity, distributive justice, and proportionality.

Autonomy is a patient’s right to make decisions for themselves according to 
their morals and beliefs. Patient education and informed consent are important ele-
ments of autonomy. There are exceptions to autonomy and challenges when a 
patient is legally deemed unable to make rational decisions for themselves such as 
dementia (Incompetence) or clinically due to delirium, psychosis, lack of con-
sciousness (Incapacity). The criteria for adequate decision-making include the abil-
ity to comprehend information relevant to the decision, the ability to compare 
alternatives of the decision with personal values and goals, and the ability to com-
municate in a consistent and meaningful manner. If there is any doubt regarding 
capacity, formal psychiatric consultation should be obtained to evaluate decision- 
making capacity. If the patient is incapacitated, respect for the patient’s autonomy 
can be preserved through the use of surrogate decision-makers. This can be done in 
advance formally by creating an advanced directive or durable power of attorney. 
Paternalism is making decisions for the patient without seeking their input.

Beneficence is a value in which providers take actions or recommend courses in 
the patient’s best interest. When patient autonomy is compromised, beneficence 
needs to be the guiding ethics. Beneficence promotes patients’ best interest by 
understanding patient perspective, addressing misunderstanding and concern, and 
letting the patient decide.

Nonmaleficence is closely related to beneficence. It is abstaining from any 
action that may bring harm to the patient. “Do no harm”. Beneficence is what you 
do and nonmaleficence is what you don’t do.

Nonmaleficence forbids physicians from providing ineffective therapies.
Veracity (truth-telling) is honesty and revealing all pertinent details of a 

patient’s medical conditions to them, as well as risks and benefits of a procedure, 
and their prognosis. It is never OK to lie to or deceive a patient, for any reason.

Distributive justice is the proper allocation of resources in a manner that is fair 
and justified. It is not necessarily equal allocation of resources.

Proportionality is a principle that ensures a medical treatment or plan is com-
mensurate with the illness and with the goals of treatment. This is to ensure that 
benefits are maximized (beneficence) and risks are minimized (nonmaleficence).

Physicians have no obligation to provide treatments that offer no benefit and are 
potentially inappropriate (futile) and providing care to such patients is a major 
source of burnout among healthcare providers in intensive care units. There should 
be a case review by an interdisciplinary institutional committee and clinicians 
should obtain a second medical opinion to verify the prognosis and the judgment 
that the requested treatment is inappropriate (Society of Critical Care Medicine 
guideline). The ethics committee consultation should be sought to provide guidance 
in ethical dilemmas. In a study by Schneiderman et al. [19], there was no difference 
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in mortality but the reduction in hospital, ICU, and ventilator days concluded that 
ethics consultation is helpful.

In intensive care units, predictive scoring systems like Acute Physiology and 
Chronic Health Evaluation (APACHE) III predict the probability of survival for 
populations and should be used cautiously to guide the prognosis of critically ill 
patients.

40.5  Advance Care Planning

Advance care planning is making decisions about the healthcare a patient would 
want to receive when facing a medical crisis based on personal values and prefer-
ences. This includes completing advance directives for types of treatments and 
assigning a decision-maker when a patient is unable to speak because of critical 
conditions. Sharing personal values with loved ones helps prevent an emotional 
burden on family members when they are asked to make tough decisions regarding 
the care of their loved ones. Advance care planning allows the person to have more 
choice and improve the quality of the end-of-life care. Everyone regardless of age 
or health should consider advance care planning. Some of the triggers for initiation 
include when the patients’ medical condition changes, deterioration of cognitive 
function, and poor prognostication [20]. Advance care planning plays an essential 
role in maintaining autonomy when people are no longer able to communicate 
wishes directly and support treatment decisions in healthcare delivery during legal 
and ethical dilemmas.

Although advance care planning is a novel concept to meaningful advance direc-
tives, it is still not widely practiced. It requires facilitated discussions with patients 
or their proxies and medical professionals. This is necessary but often not an easy 
conversation.

40.6  Surrogate Decision Making

An increasing number of deaths in intensive care units occur after decisions to with-
draw life support and more than 90% of those patients are not capable of autono-
mous choice [17, 18]. Surrogate decision-maker, also known as health care proxy, 
is an advocate for incompetent adults. Ideally, patients will have created a durable 
power of attorney for health care. In case of no legal document, the current spouse 
can serve as a surrogate. Clinicians may want to include surrogates in advance care 
planning before decision-making and identify and address surrogate stressors dur-
ing decision-making. Studies have estimated that surrogates make approximately 
75% of decisions for hospitalized patients with a life-threatening illness.

Surrogate decision-making has two standards—substituted judgment standard 
and best interests standard. Substituted judgment standard is based on what the 
patient would have decided if they had been able to and the best interest standard is 
when we don’t have any idea of what the patient would have wished. Advance 
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directives like the durable power of attorney or living will guide decision-making 
with substituted judgment standards and patients can decide what medical interven-
tions. The best interest standard is vague and causes inconsistency in the treatment 
of medically identical patients.

When surrogates have unilateral decision capacity, it can cause strong emotional 
challenges to forgoing life-prolonging treatment for a loved one which is most of 
the time an emotional decision. Physicians should not have unilateral decision- 
making capacity as well because of significant practice variability among them.

In the case of no designated surrogate, the typical rank order is spouse, adult 
child, parent, adult sibling, grandparent, adult grandchild, and adult close friend. 
End-of-life decision-making should not be done solely by the medical team even if 
this is in the best interest standard.

Patients lack decision-making capacity from critical illness or medications in 
intensive care units, but may still possess the capacity to designate a surrogate. 
Decision-making capacity is lost in many cognitive illnesses, but patients can still 
understand and express a preference regarding choosing a surrogate and they may 
still understand the role of a surrogate in their care. Patients who won’t be able to 
make medical decisions should not be prevented from selecting a surrogate [21].
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41Palliative Care in Intensive Care Unit

Swati Bhan, Rudranil Nandi, Saurabh Vig, 
and Seema Mishra

41.1  Introduction

The Intensive Care Unit (ICU) in a hospital serves and cares for critically ill, debili-
tated, and most sick patients. Thus, these units witness a high rate of mortality of 
around 20 percent of all admissions [1]. Of all the patients admitted in a medical or 
surgical ICU, not all have a good prognosis or disease amenable to cure. Some 
patients are terminally sick and nearing the end of life. An approach that differs 
from the standard curative intent for an ICU patient is required for these patients for 
optimal utilization of ICU and hospital resources. Palliative care with a focus on the 
end of life care and symptom control to improve quality of life in terminal sickness 
and alleviate the suffering of patients and care-giver is the ideal approach for such 
patients. Thus, ICUs are critically important locations for providing effective, high- 
quality end-of-life and palliative care [2].

Despite developments in the field of palliative care and critical care medicine, the 
role of palliative care in the ICU setting is still not recognized and there is no con-
sensus on the basics of palliative care practice in the ICU.

Palliative care is not an alternative to critical care but both specialties go hand in 
hand as a part of comprehensive care from the time of admission to ICU of patients 
who are at the end-stage of a chronic illness or suffer from advanced malignancy 
beyond curative treatment. Therefore, from the time of admission to ICU, patients 
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with an incurable disease and at the end stages of life should be identified and inte-
grated with palliative care [3]. The aim of integrated palliative care in the ICU is to 
encourage the development of better quality, cost-effective, patient and family- 
centric care to improve the quality of care and aid in optimum utilization of ICU 
infrastructure.

41.2  Components of Palliative Care in ICU [4]

Palliative care in the ICU comprises of these basic components—[1] decision mak-
ing which revolves around preferences of the patient and the caregiver [2] proper 
communication to establish continuity of care [3] emotional and practical support to 
patient and caregivers [4] symptom management and comfort care [5] emotional 
and organizational support for the clinicians and other workforce of ICU.

Worldwide, three models are described for the integration and implementation of 
palliative care and ICU. These are—1. Integrative model, 2. Consultative model and 
3. Mixed model.

The salient features of each of these models are summarized below.

41.2.1  Integrative Model

• This model aims to integrate the basic essence of palliative care and supportive 
management into the working curriculum and daily practices of the ICU.

• The basic need in this approach is the training of the critical care specialists in 
the basics of palliative care and symptom management to empower them to pro-
vide end-of-life care and palliative care to their patients.

• A separate palliative care ward/area in the ICU is not required as palliative care 
is integrated into day to day functioning of the ICU.

• Suitable for a ‘closed system’ of ICU care.

41.2.2  Consultative Model

• This model states that palliative care for ICU patients and their families should 
be dealt with by personnel specialized in palliative medicine to effectively tackle 
difficult situations like decision making at the end of life, and withdrawal of 
organ support systems, etc.

• Two approaches of working are described—(a) consult-based approach—pallia-
tive care specialists are consulted by the intensivists from time to time to impart 
palliative care in selected patients. (b) daily presence of a palliative care physi-
cian in the ICU rounds—this method would aid in early identification of pallia-
tive care concerns and their management.
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• This latter approach would also make interdisciplinary coordination easier as the 
palliative care physician would be present in daily ICU rounds and their view-
point would be acknowledged and implemented by the critical care physicians at 
the earliest and will lead to reduced length of ICU stay in a terminal patient, 
 better end of life care in ICU, avoidance of unnecessary ventilation and aggres-
sive management in a select group of terminal patients and thus lead to better 
utilization of ICU resources.

• The majority of situations requiring palliative care consultation can be summa-
rized as [1] Prolonged ICU stay of more than 10 days [2]. Multisystem organ 
failure (3 or more systems involved) [3] Intracerebral hemorrhage with patient 
dependent on mechanical ventilation [4]. Stage 4 malignancy [5] Post cardiac 
arrest status

41.2.3  Mixed Model

• This model incorporates features of both the above-described models and is 
largely agreed upon as the most appropriate and acceptable model to deliver pal-
liative care in the ICU.

• model imparts a basic training of palliative care to the intensivists to handle day 
to needs like symptom management etc. in terminally ill patients in the 
ICU.  Difficult scenarios like the initiation of end-of-life care, advanced life 
directives, etc. can be handled by palliative care specialists on a consulta-
tion basis.

• This approach would increase the palliative care skills of the intensivist and also 
bring down routine palliative care needs (like pain management, breathlessness, 
etc.) being referred to a palliative care specialist, thus bringing down costs.

• This is the most effective model to deliver palliative care in ICU as the primary 
physician manages straightforward palliative care needs and refers a palliative 
care specialist for more complex or refractory problems.

• This “mixed model” closely resembles the referral to a specialist approach prac-
ticed for complex problems related to infectious disease, cardiology, nephrology, 
and other specialties in the care of critically ill patients.

41.3  Role of Palliative Physician in ICU [5]

A palliative care physician or an intensivist trained in palliative care has multiple 
roles in the ICU which can be summarized in the following headings.

 (a) Communication and Surrogate decision making
 (b) Basic symptom management in terminal stage patients.
 (c) End-of-life care/terminal sedation.
 (d) Palliative/supportive care in non-malignant diseases.
 (e) Psychological support to intensivists
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41.3.1  Communication and Surrogate Decision Making

A terminally ill patient in the ICU will not be in a mental state to make its own deci-
sions in the majority of ICU admissions. Caregivers and the immediate family are 
the surrogate decision-makers for the patient. A properly structured communication 
with the caregivers is thus essential to explain the patient’s prognosis, and further 
care plan in a crisp clear manner with minimum communication gaps so that the 
caregivers can take decisions keeping the best interest of the patient in mind.

Intensive care physicians are usually well versed in prognosticating and com-
municating with families of patients with curable conditions or having a short dura-
tion of expected stay in the ICU. In the subset of patients having chronic debilitating 
conditions at the end stage of life and admitted to the ICU, the primary physician—
oncologist or the intensivist may find it difficult to realistically communicate with 
the family of the patient regarding the disease stage and the expected life duration 
of the patient. In these conditions, palliative care physicians may be the best people 
to facilitate communication between the patient’s family and the intensive care 
team. Daily family meetings may or orchestrated and coordinated by the palliative 
care team between the ICU core team and the main decision-makers of the 
patient’s family.

The onus of identification of the main decision-maker in the patient’s family, 
maintenance of continuity of this family member in daily family meetings and guid-
ing the patient’s family in difficult decisions like the decision to not escalate treat-
ment, palliative end of life sedation, do not into intubate and resuscitate, etc. lies 
with the palliative care specialist.

This integration of the palliative approach into terminal patients counseling will 
lead to minimal communication gaps between the patient’s family and the treating 
team thus leading to an easier transition into comfort care and terminal symptom 
management from an aggressive curative approach in a terminally ill patient in 
the ICU.

41.3.2  Basic Symptom Management in Terminal Stage Patients

A palliative care physician with basic knowledge about the safe use of opioids and 
pathophysiology of various debilitating symptoms like pain, nausea, vomiting, etc. 
in the end stages of malignant and chronic nonmalignant diseases is the best person 
for symptomatic management of such patients in the ICU. Basic concepts of symp-
tom management in terminally ill patients are—medications should be started at 
their lowest doses and gradually titrated up to get the desired effect, patients not 
tolerating oral route may be managed with sublingual, subcutaneous, or rectal prep-
arations of drugs.

Common distressing symptoms seen in terminally ill patients and their manage-
ment are summarized in Table 41.1.
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Table 41.1 Common symptoms and their management in a terminally sick patient [6]

S.No
Distressing 
Symptom Etiopathogenesis Management

1 Pain Most common symptom at end of 
life [6].
The concept of ‘total pain’ must 
be adhered to for proper 
management [7].

Opioids are the drugs of choice 
for management.
Initial titration of the required 
dose for analgesia is usually 
done through the intravenous 
route.
Long-acting or extended-release 
preparations are usually avoided 
in the initial management.

2 Dyspnea [8] Often seen with end-stage 
pulmonary and cardiac diseases. 
Can also be seen in malignancies 
and cerebrovascular disease.
Clinical manifestations may 
include tachypnea, restlessness, 
and grunting.

Opioids are the drug of choice 
for managing dyspnea at end of 
life.
Started at low doses and on a 
need basis.
In appropriate doses, they do not 
suppress the respiratory drive but 
act by reducing the air hunger of 
the patient.

3 Delirium and 
agitation [9]

Reversible causes—uncontrolled 
pain, electrolyte imbalance, drug 
adverse effects, urinary retention, 
constipation, etc.
Irreversible/disease-related 
causes—dementia, 
cerebrovascular disorders, etc.

The first step—look for and treat 
reversible causes.
Drug therapy in severe/refractory 
cases.
Antipsychotics (haloperidol) 
drug of choice.
Benzodiazepines—can aggravate 
symptoms, can be used to 
alleviate anxiety.

4 Nausea and 
vomiting

Causes—most commonly due to 
malignant bowel obstruction, 
pelvic and genitourinary 
obstruction.

Drug therapy—antidopaminergic 
(haloperidol, risperidone, 
prochlorperazine, 
metoclopramide) are among the 
first choice.
Corticosteroids and octreotide 
can be used in the medical 
management of mechanical 
bowel obstruction [10].

5 Constipation. Poor oral intake, dehydration at 
end of life, and adverse effects of 
drugs (e.g. Opioids) are the most 
common causes.

Preventive measures—adequate 
hydration and combination of 
stimulant laxative with stool 
softener and polyethylene glycol 
[11].
Stronger laxatives, suppositories, 
or enemas may be used in 
refractory cases.

6 Oropharyngeal 
secretions.

Inability to clear oral secretions at 
the terminal stages leads to 
accumulation of these and leads to 
a bothersome gurgling noise with 
respiration called as ‘death rattle’.

Anticholinergic medications to 
dry up these secretions—
glycopyrrolate, atropine or 
scopolamine transdermal patches 
may be used [12].
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41.3.3  End of Life Care/Terminal Sedation

A trained palliative care physician is the most suitable person to identify terminally 
ill patients in the ICU, initiate and coordinate the multispecialty interaction in 
declaring the futility of further aggressive management and reaching a consensus to 
initiate end-of-life care in such patients.

Terminal sedation with drugs like opioids, symptom management like a death 
rattle, maintaining hydration and managing nutrition, etc. at the end of life are best 
dealt with by the palliative care team thus giving a dignified death to the patient.

The real meaning of good and dignified death is perhaps best understood by the 
palliative care team as unlike the intensivists they have more time in hand to have 
multiple meaningful conversations showing empathy with the caregivers and giving 
real bereavement care and counseling to the family after the patient’s death, thus 
minimizing distress of the family [13].

41.3.4  Palliative Care in Nonmalignant Diseases

Chronically ill patients staring at the end of life are not specific to malignancies 
alone. Other specialties dealing with chronically sick patients and their related 
issues are summarized in Table 41.2.

Table 41.2 Nonmalignant conditions in ICU requiring palliative care support

S.no Specialty Diseases Palliative care issues
1 Neurology and 

neurosurgery [14]
•  Stroke patients with ventilator 

dependence.
•  Head injury Post craniotomy 

dependent on a ventilator
•  Guillain Barre syndrome
•  Other demyelinating disorders 

and myopathies.

•  Decision on continuing 
ventilatory support

•  Home-based ventilation—
preparation and planning

2 Pulmonology [15] •  Interstitial lung diseases with 
severe restrictive pattern and 
dependent on a ventilator

•  COPD on ventilator

•  Palliative extubation or 
home-based ventilation/
oxygenation—preparation and 
planning.

•  Opioids in management of 
dyspnea

3 Cardiology [16] –  Heart failure not responding 
to medications in terminal 
stages

–  Dyspnea management
–  Diuresis for edema 

management
4 Nephrology [17] –  Dialysis-dependent chronic 

kidney condition in the acute 
decompensated state.

–  Planning for continuation or 
termination of dialysis

5 Others. –  HIV patients in end stages of 
life [18].

–  Management of opportunistic 
infections.
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41.3.5  Psychological Support to Intensivists

the palliative care team also plays an important role to recognize burnout in inten-
sivists and provide them with psychological support as the palliative care team is 
well versed in dealing with terminal patients near death and facilitating a dignified 
death in these patients. This close contact with a dying patient with no cure is an 
emotionally and psychologically taxing experience for intensivists not used to deal-
ing with such patients.

41.4  Barriers to Integration of Palliative Care in ICU [19, 20]

The environment in a conventional ICU setup is full of challenges that impair the 
proper amalgamation of palliative care services in the conventional care algorithms 
which are established in the ICU. These barriers or hindrances to the incorporation 
of palliative care in the ICU may be described under 3 main headings

 1. Deficiencies at the level of doctors/treating physicians.
 2. Deficiencies at the level of patients and caregivers.
 3. Policy-based deficiencies.

41.4.1  Deficiencies at the Level of Doctors/Treating Physicians

The knowledge regarding palliative care and symptom management in a terminally 
sick patient is sparse among the medical fraternity. The medical curriculum and 
teaching across various specialties are yet to accept and inculcate the role of pallia-
tive medicine in their respective fields. Thus, the lack of basic knowledge among 
doctors trained in various fields about the role of palliative medicine in their respec-
tive fields.

This problem intensifies further in the ICU where the percentage of sick and 
terminally ill patients is more which require high-quality palliative care but are 
denied the same due to lack of physician awareness.

Also, communication with the caregivers, giving a realistic hope with clearly 
explained disease stage and the expected future course is an essential skill imparted 
in the palliative care curriculum. Sadly, the intensivists and the primary caregivers 
may not be well versed in effective communication with the caregivers of a termi-
nally sick patient. This problem may be further intensified in a cancer patient where 
the oncologist being the primary care provider since the start of anticancer therapy 
may be overzealous and unrealistically aggressive at the terminal stage of illness. 
This may increase the communication gap between the caregivers and the clinicians 
and give rise to false and unrealistic hope and thus prolonging the patient’s misery 
and leading to an undignified end to life.

A palliative physician stationed in the ICU or a timely consultation with the pal-
liative care team essentially prevents this sad chain of events.
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41.4.2  Deficiencies at the Level of Patients and Caregivers

There are various shortcomings on the part of the family and caregivers of a termi-
nally sick patient in the ICU. Patients especially in the Indian setup where health 
resources are minimal present late for treatment in the advanced stages of malig-
nancy and have unrealistic hope of cure thus pressurizing physicians to continue 
aggressive therapy in a terminal patient and widening the communication gap. Also, 
the caregivers do not have basic knowledge about the rights of a terminally ill 
patient like advanced care directives and the role of a palliative care physician in 
aiding surrogate decision-making.

Due to this basic lack of awareness caregivers are unable to actively seek the help 
of palliative care even if it is available in multidisciplinary care centers.

41.4.3  Policy-Based Deficiencies

Numerous hurdles to the practice of palliative medicine exist on the higher organi-
zational and policy-based levels. The scope of palliative medicine is not clearly 
defined and its acceptance as a supportive branch helping inpatient management 
is poor.

The acceptance of the positive and constructive role of palliative medicine aiding 
inpatient care is poor among intensivists, oncologists, and other specialists specially 
in branches like nephrology, neurology which have a large burden of terminally sick 
patients needing symptom management, counseling, and other supportive measures 
to ease the pain and enhance the quality of life.

A comprehensive change in the medical curriculum is the need of the hour to 
impart training in palliative care to every specialty which will help in recognition of 
the need and its integration in respective specialties of this under-utilized branch.

41.5  Directions for Future Research

The palliative care team is an indispensable part of the multidisciplinary manage-
ment team of the ICU. This nascent concept in its budding stages will gain wide-
spread acceptance only if it is supported by data showing positive outcomes for 
patients in the ICU and the hospital when palliative care is integrated with ICU.

Theoretically, integration and amalgamation of palliative care with ICU will 
have multiple benefits like avoidance of prolonged life support and ventilation in a 
terminally sick patient, better symptom management at the end of life, lesser ICU 
death in terminally sick patients, and acceptance of end-of-life care. These will 
minimize the costs of maintaining ICU infrastructure, better utilization of existing 
scarce ICU resources for deserving patients with a reversible pathology, and better 
caregiver satisfaction.

Studies should be targeted to generate data in these areas like reduction in dura-
tion of ICU stay in terminally sick patients after initiation of palliative care services 
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in ICU, utilization of end of life and advanced care directives, generation of care-
giver satisfaction scores, etc.

Palliative care in ICU may aid in generating benchmark data in the field of health 
economics and ICU resource utilization for deserving patients as ICU beds are a 
scarce and costly to maintain commodity for the health care setups across the globe.

41.6  Summary

Palliative care as a specialty has a definitive place in managing terminally ill criti-
cally sick patients admitted in the ICU. However, in the present-day scenario, the 
acceptance of this branch as a part of the multispecialty team in the ICU is next to 
none. Concrete efforts are needed to bring about administrative and personal level 
changes to integrate this branch into the critical care curriculum.

Institutes and hospitals may start working on their level to set up protocols in 
their ICUs for integration of palliative care. Hospitals functioning as exclusive can-
cer centers should lead the way in this aspect as the maximum need for palliative 
care is in the cancer patients in the ICU. We should not wait for a large administra-
tive push for palliative care integration in critical care but start working on our 
hospital and workplace level.

Changes even if microscopic and on the ground level will serve as a push for 
larger administrative and policy-based changes in the future.
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42.1  Introduction

Dying was a ‘natural’ process before the modernization of medicine and advance-
ment in medical technologies. Now with the help of modern medicine and newer 
medical technologies the life expectancy of population has increased and with the 
help of newer medical gadgets one can prolong the dying process. Along with age-
ing of population this will also increases the number of patient with chronic condi-
tion with little or no chance of survival. Intensive care unit plays a major role in this. 
The central purpose of intensive care unit is to provide short term, life saving ser-
vices to patients with acute illness or severe injury but in modern intensive care unit 
the number of patients with chronic condition is increasing, although the newer 
technologies and medicine do not cure the patient but it prolongs the life of patients 
by providing secondary support [1, 2].

A significant number of patients with chronic illness i.e. cancer, chronic lung 
disease, congestive heart failure, nervous system disorder, AIDS require multiple 
hospitalization and many of these patients are shifted to intensive care units at the 
time of death. At the end of life secondary support intervention will not reduce the 
suffering rather it will increase the burden of prolonged process of dying. Patient’s 
family member, friends and caregivers may also experience multiple problems. In 
addition, many of patients do not have any medical insurance so the health expenses 
are borne by patient or by their family members. At the end of life shifting the 
patient to intensive care unit with aggressive medical interventions will further drain 
the resources of family members [3]. Rising cost of treatment during chronic illness 
will force the patient to leave the hospital against medical advice without even get-
ting supportive treatment for their symptoms [4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-9929-0_42&domain=pdf
https://doi.org/10.1007/978-981-16-9929-0_42#DOI


526

End of life care in an important topic for discussion in modern medical practice. 
When patient is diagnose with terminal illness (cancer, chronic renal failure, COPD, 
ILD), patient along with their family members experiences a high level of stress that 
can be presented in form of anger, depression and other psychosomatic problems 
(Kubler-Ross five stage of grief) [5]. Family members are foremost caregiver for 
terminally ill patient. They may feel hopelessness, helplessness, guilt and even 
anger when they understand the graveness of the disease and not able to relieve the 
patient from suffering.

From ethical prospective patient is the best person for decision making about the 
treatment limitation or withholding the life prolonging supportive treatment. But at 
the end of life patient may lost the ability to take such decision, at that time family 
members, primary caregivers or treating physician will have to take the decision for 
the patient [6, 7]. Family member who is called for decision making is already 
under great fear, sadness and stressed out and if they are not aware of patient’s deci-
sion at the end of life they may confused for taking further decision. Sometime 
family members may have different opinion for care planning and many a time rela-
tive ask treating physician to give most appropriate treatment to the patient. In such 
scenario, oncologist or intensive care physician will be in difficult situation [8].

There are multiple levels at which different ethical issues may be precipitate dur-
ing treatment of critically ill cancer patient. There may be lack of understanding or 
therapeutic misconception and also lack of decision making capacity at patient 
level. At family members level, they may be in guilt or in burden regarding thera-
peutic decisions for their loved one. There may be lack of communication between 
oncologist and the care provider of patient and many a time oncologist are in moral 
distress that may leads to ethical issues. Without proper communication request of 
some intervention, excessive end of life care counselling, avoiding analgesics, with-
holding or withdrawing life sustaining therapies may triggers ethical issues [9].

For any cancer patient who is at the end of life, there are two major concerns one 
is the cost of hospital stay that will be bear by patient and family member who are 
already being drained due to the prolong illness and multiple sessions of treatment, 
and the second is the comfort of patient at the end of life. Aggressive medical inter-
vention at the end of life will not only increase the suffering of patient but also 
increases the cost. There are evidences that support that the physician in intensive 
care units are incompatible in providing end of life care support after decision taken 
by family members to withheld life support interventions [10–12]. End of life care 
in Intensive care unit is an area for intensive care physician, which requires same 
high level of knowledge and comprehension as other area of critical care practice 
[13]. It is important for ICU physician to recognize the process of dying and effi-
cient to start advance care planning in form of palliation and providing comfort 
care. He/she must have effective communication about the advance directive with 
primary care team and with the family member. Physician should understand the 
spiritual and religious concern of family member.
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42.2  Recognizing the Dying Patient

It is very important for critical care physician to recognize the terminally ill patient 
who is dying. Oncologist who provide care from the beginning of diagnosis often 
overestimate patient’s survival [14]. So this may be a challenge for transition of 
patient from definitive care to supportive or palliative care [15]. Accurate prognos-
tication by oncologist at advance stage of disease has a good influence on patient’s 
and family’s decision regarding end of life care and preparation for the same. 
Oncologist can use different prognostication tools and performance status scales for 
prognostication [16]. In a dying audit done by royal college of physician about 45% 
patients were actually recognize that they are dying [17]. A majority of patient does 
not want to die in intensive care unit rather they wish to die in home in presence of 
their loved one. Finally, it depends upon clinician to recognize the dying patient and 
how they communicate for the preparation of end of life.

42.3  Ethical Principals

There are four universally accepted principal for bioethics, they are (1) Autonomy, 
(2) Beneficence, (3) Nonmaleficence, and (4) Justice [18].

Autonomy: Everyone has the right to take self-decision, about their level of care. 
Respecting patient’s autonomy is well established ethical principal in medicine [8]. 
This is also applicable for life prolonging interventions. Oncologist’s approach 
should be patient centered and they must inform the trajectory of disease and all 
available treatment modalities for the disease and their future consequences so that 
it is possible for patient to decide the treatment of advance malignancy. Many 
patients are not able to take their decision about further care planning they may 
depend upon their treating oncologist and family member to help to take the deci-
sion and at the terminal stage patients is not in the stage to take decision regarding 
end of life care.

Advance directive is derived from patient’s autonomy which empower oncolo-
gist to respect the autonomy of their patient who is not able to take decision for end 
of life care planning due to any reason [8]. Advance directive or advance bill is 
permitted in united states of America which is a lawful document prepared during 
full mental status of patient regarding patient’s preference during advance stage of 
disease and about end of life decision. In intensive care setting when patient is not 
in the state to take decision then decision will be taken by family member or close 
family friend, this is called surrogate decision making.

Beneficence: It is oncologist or intensive care physician’s moral obligation to 
provide best care to patient and family member at the end of life [19]. When patient 
is not able to express their wish or not in a state of decision making specially in 
intensive care setting and at the end of life then the decision should be made by the 
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treating oncologist, intensive care physician after detailed discussion with family 
members to alleviate patients suffering and to provide the treatment that will give 
maximum benefit to patient [6–8, 19]. There may be conflict in decision between 
oncologist, intensive care physician and family member, even in between the family 
members, this conflict can be solved by a family meeting with involving treating 
oncologist and intensive care physician.

Nonmaleficence: It is ethical obligation of physician to not to harm the patient 
during treatment [20, 21]. This should be more strictly practice than beneficence. 
Nonmaleficence support few moral responsibilities of physician i.e. not to harm, do 
not kill, do not cause suffering to patient, not to do offence, patient should not be 
deprived of good and conform. Nonmaleficence should be practice in a way to make 
a balance between all available intervention and to choose the best one so that the 
benefits after that intervention should more than the harm. This is particularly more 
important at the end of life where decision making is difficult i.e. intervention for 
pain management (difficult pain), withholding or to continue life prolonging inter-
ventions, providing artificial nutrition or hydration [22]. Similarly like beneficence 
there is also conflict for nonmaleficence between the oncologist and intensive care 
physician to decide the best intervention for a critically ill patient for providing the 
intervention with maximum benefits and minimum harm.

Justice: Justice is fourth fundamental ethical principal in bioethics and it is most 
difficult to implement specially at the end of life. Distributive justice is type of jus-
tice that implies appropriate, fare and equitable health care services to the patient 
[23]. Distribution justice is focus on individual patient and care should be given in 
terms of equal share, according to need of patient, merit, contribution and efforts 
[20]. There is also a concept of social justice, which implies justice to society spe-
cially in a society with limited medical resources [24]. Inappropriate treatment may 
waste the resources for any appropriate candidate, similarly life prolonging or sus-
taining intervention in ICU may engage the resources which may be beneficial for 
some other individuals. It is very difficult to choose the appropriate intervention at 
the end of life i.e. withholding or withdrawing ventilator support, withdrawal some 
life sustaining drug etc.

42.4  Role on Oncologist and Intensive Care Physician

Oncologist play an important role in resolving ethical issues at the end of life by 
providing detail information and expected trajectory of the patient during early 
medical treatment of patient [25]. They must discuss the all available possible treat-
ment for the disease along with their benefits, limitation and side effect if any and 
respect patients autonomy to choose the treatment modality. Early integration of 
palliative medicine physician will improve the understanding about the disease, its 
futility and alleviate the suffering of patient and family member [26]. During further 
advancement of disease oncologist’s approach should be patient centered and 
advance care planning and/or end of life care decision must be discuss in advance 
with patient and their relatives so that they can prepare for end of life decision [25].
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At the end of life communication between the oncologist, intensive care physi-
cian and nurses are very crucial [27]. There may be conflict between the opinions 
about the end of life intervention between the medical team. A respectful communi-
cation between the team members with detail discussion about the patient status and 
exchange of their ideas can be a great help for the patient and family member. While 
communicating with family member all team members should be in same platform 
and all aspect of available intervention should be discussion to alleviate the maxi-
mum suffering of patient [28].

At the end of life if patient or family member insist for intensive care treatment 
and advance medical intervention and if it is futile according to oncologist or inten-
sive care physician’s evaluation it should be well explain to patient or family mem-
ber. Before withholding or withdrawing any treatment or giving instruction for do 
not resuscitate, intensive care physician must respect the belief and value of patient 
and their family members. Intensive care physician must explain the drawback of 
futile treatment and unrealistic expectations with the advance medical intervention 
i.e. ventilation, artificial nutrition etc. there must be a mutual understanding between 
the patient or family member with intensive care physician about the withholding or 
withdrawing life sustaining modalities [29]. Along with saving patient’s life it is 
intensive care physician’s additional responsibility to judicious use of resources and 
also judge between the expenditure and benefits of advance medical interventions as 
advancement and innovation in health care technology i.e. mechanical ventilation, 
artificial nutrition, ECMO may prolong the life but also increase the suffering of 
patient and increase the emotional stress of family members [30, 31].

42.5  Conclusion

Malignancy is a broad disease that encompasses a wide range of disease involve-
ment and varieties of treatment modalities. When presented in advance stage or 
after recurrence patient develop critical illness that may require intensive care ser-
vices. Intensive care services should not be limited to resuscitation or prolonging 
the life it should also address the end of life issues of patient and to provide a com-
fort care to the patient. The goal of end of life care is to relieves the suffering of 
patient and their family members with respective patients desire about the end of 
life. Intensive care physician may face many ethical problems while dealing a ter-
minal advance cancer patient, they mostly face uncertainty about when to shift 
patient from curative to palliative treatment and when to start end of life discussion 
with patient and family member. Good effective communication between family 
member, oncologist, intensive care nurse and physician will improve end of life 
decision making. Open communication in form of family meeting and active par-
ticipation of all health care providers who are involve in patient care i.e. oncologist, 
intensive care physician, palliative medicine physician, intensive care nurse, ancil-
lary staff may avoid many ethical issues at the end of life. Intensive care physician 
can play an important role in promoting communication, education of other ancil-
lary health staff related to end of life discussion.
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43Clinical Research in Onco-Critical Care
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43.1  Introduction

Advancements in immunopharmacology, targeted chemotherapy, cancer surgery, 
and precision radiotherapy have increased the cure rates and survival in malignan-
cies [1]. According to a recent estimate from American Association for Cancer 
Research (AACR), the number of alive Americans with a history of cancer is 
expected to increase by 76.5% in the span of 11 years, from 2019 to 2030 [1]. As 
life expectancy prolongs in cancer patients, utilization of life supports in intensive 
care units (ICU) will be stepped up. However, there is always a dearth of intensive 
care beds in mixed medical-surgical ICU, due to constant admissions with non- 
oncological diagnoses. Therefore, health administrators, health policymakers and 
physicians (oncologists, onco-surgeons, general physicians, and hospitalists) would 
be concerned to know the outcome (length of stay, mortality), quality of life post- 
discharge and cost of admitting the cancer patients to ICU. Cancer is a multisystem 
chronic disease that is often kept in remission with a variety of treatment options 
such as radiation, chemotherapy, and surgery. In cancer patients, critical illness tran-
spires either due to the disease itself (progression of cancer, treatments-related); or 
unrelated to cancer (acute illness, exacerbations of other chronic illnesses, trauma 
etc.) [2].
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There has been a vast expansion of health care services provided to oncology 
patients in the last 50 years. With the expansion of a growing number of dedicated, 
state of the art oncology setups across the world, we have witnessed the parallel 
enthusiasm in providing cutting edge critical care services to oncology patients. 
This has led to the birth of a new subspecialty of medicine/critical care called 
“Onco-critical care”. However, there will be a difference in critical care provided at 
a multispecialty facility compared to that at a dedicated and specialized oncology 
ICU in terms of regular multidisciplinary rounds, cancer-specific protocols, pallia-
tive care services, and daily meeting between intensivists and oncologists [3]. Faced 
with new challenges, meeting the growing demands of an array of critical care ser-
vices among oncology patients, in such dedicated oncologic facilities are evolving 
with invasion of evidence-based medicine and best practices. High quality research 
in this young subspecialty is much desirable as the problems and issues of critically 
ill oncology patients are unique and require entirely different approach. Onco-
critical care has broad room for extensive research to resolve dilemmas and contro-
versies related to various critical care aspects such as determination of optimal 
patient population in which full code ‘ICU trial’ can be given, development of 
unique early warning scores to recognize sick cancer patients in the ward, triage 
rules to rationalize the admissions to ICU, the timing of the use and duration of life-
sustaining therapies (e.g.; mechanical ventilation, renal replacement therapy), 
development of cancer-specific severity of illness scoring systems and formulation 
of cancer-specific guidelines and care bundles [4, 5].

In this chapter, the authors made an attempt to categorize the various evidence 
gaps in onco-critical care available for exploration and enumerated the requirement 
of addition of new knowledge by a young generation of critical care specialists, 
oncologists, medical scientists, and researchers, mentioned as various domains in 
Table 43.1.

Table 43.1 Research domains with various knowledge-gaps in onco-critical care

Research domain Possible research questions specific to onco-critical care
ICU organization •  Development of dedicated ICUs with positive and negative pressure 

isolation cubicles along with their evidence in infection control 
practices

ICU admission and 
prognostication

•  Development of specific screening scoring systems or early 
warning scores and severity scores in onco-critical care

Acute respiratory 
failure

•  Modified definition for ARDS
•  Which patients for NIV and HFNC and how long?
•  Role of diagnostic strategies
•  Role of recruitment manoeuvres, inhaled nitric oxide and prone 

position
•  Role of adjunctive therapy
•  Role of extracorporeal therapies

Onco-emergencies •  New definition applicable to febrile neutropenia
•  Role of colony stimulating factors (CSF) in critically ill patients
•  Rasburicase over allopurinol in the prevention of TLS
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43.2  Research Domains in Onco-Critical Care

43.2.1  Organizational Aspects

The ICU structure and organizational factors such as the use of protocols, care bun-
dles, and staffing design have potential roles in patient outcomes [6, 7]. Unfortunately, 
a limited number of studies have explored this aspect for critically ill cancer patients 
[8, 9]. It is yet to be determined whether specialized onco-ICUs outperform general 
ICUs [10]. A Brazilian, multicentric, retrospective observational study 
(ORCHESTRA), found that the presence of clinical pharmacists, ICU protocols, 
and regular meetings between oncologists and intensivists were associated with bet-
ter clinical outcomes [3]. However, due to the presence of confounders (being 
nation-specific, having less number of patients with hematological malignancies, 
inability to audit the ICU protocol implementation and many studies being retro-
spective in nature), there exists a grey zone area where researchers should study the 
impact of various ICU organizational aspects on cancer patient outcomes such as 
staffing pattern, presence of infectious disease specialist, nutritionist, multidisci-
plinary grand rounds, closed versus open ICU concept, bedside renal replacement 
therapy and bedside CT scan facility. Single isolation cubicles (positive pressure 
(post bone marrow transplant receipts) and negative pressure (respiratory infectious 
diseases), with waste disposal systems and hand wash facilities bedside along with 
a highly efficient heating ventilation and air conditioning system (HVAC system) is 
needful in critically ill oncological patients, as they are immunocompromised [11, 
12]. Studies examining the efficacy of such organizational aspects are lacking.

Research domain Possible research questions specific to onco-critical care
Transfusion triggers •  Indications and thresholds for various blood product transfusions 

(leuko-reduced and irradiated blood products), specific to 
malignancies

Acute kidney injury •  Development of AKI prediction models incorporating various 
biomarker

Nutritional aspects •  Development of screening tools to identify cancer patients who are 
malnourished

Infection Control & 
Sepsis

•  Diagnostic methods for various bacterial, fungal and viral 
infections with rapid turnaround time and higher diagnostic 
performance are needed

Post ICU discharge life •  Study assessing QOL in cancer survivors post ICU discharge, 
evaluating the impact of the ICU support on long-term and 
disease- free survival

End of Life Care & 
Palliative Care

•  Studies assessing qualitative outcomes like quality of dying are 
much awaited

Table 43.1 (continued)
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43.2.2  Triage for ICU Admission

About 20% of patients admitted to ICU are reported to have underlying cancer [13]. 
Repeated discussions and conflicts between the ICU team and the oncologists occur 
for the admission of critically ill cancer patients, even in dedicated oncology cen-
ters, thereby resulting in a cascade of delayed ICU admission, higher severity of 
illness at presentation, and poor outcomes. This fiery issue can only be resolved by 
designing oncocritical-care-specific screening scoring systems that may signifi-
cantly contribute to faster and comprehensive care upon admission to 
ICU. Nevertheless, in patients with an uncertain prognosis (grey zone), an ‘ICU 
trial’ is said to be decisive, which encompasses ‘full code’ management in the first 
few days [4]. Further research is required to determine the optimal duration of the 
ICU trial period, although, limited data suggest that less severe illness or malignant 
neoplasms seem to benefit from the longer duration of ‘ICU trial’ [14]. Besides, 
there are various other ICU admission policies like ‘exceptional ICU admission’ 
and ‘heroic ICU admission’. In former admission policy, a newly available potential 
therapy is tested in a patient with severe limitation of performance status due to 
malignancy, whereas in later ICU admission is granted until the conflict between 
intensivist and hemato-oncologist or between patient and physician about actual 
prognosis is resolved [4, 5]. Other ICU admission categories which have never been 
formally evaluated in cancer patients are, ‘prophylactic’, ‘early’, ‘palliative’ and 
‘terminal’ categories [15]. Unfortunately, ICU admission criteria are fundamentally 
based upon ‘expert opinion’ which is highly subjective and biased, as sufficient 
scientific evidence is lacking. Very few conditions benefit hugely from urgent ICU 
admissions such as tumor lysis syndrome, macrophage activation syndrome, supe-
rior vena cava obstruction, and leukostasis. A randomized controlled trial (RCT) 
designed to admit patients with cancer at the early stages of malignancy (before or 
within a few days of cancer chemotherapy), can give evidence for such admissions 
[16]. Incorporation of physical changes that can alert the physician for ICU referral 
may be a necessity. The criteria for ICU referral and admission decisions require 
close and fortnight collaboration between oncology and ICU teams.

Early warning scores (EWS) to activate the rapid response teams (RRT), such as 
Modified Early Warning Score (MEWS), National Early warning score (NEWS), 
VitalPAC Early Warning score (ViEWS), which exist in other domains of critical 
care, require validation in onco-critical care [17]. These scores, unfortunately, have 
demonstrated poor performance with low discriminatory power in identifying onco-
logical patients at risk of deterioration [18]. Thus, constant scrutiny is required to 
develop a cancer-specific EWS.

43.2.3  Severity of Illness Scores in Onco-Critical Care

Even though specific scoring system like ICU Cancer Mortality Model (CMM), was 
developed, along with the existing scoring systems available, for instance, the Acute 
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Physiology and Chronic Health Evaluation (APACHE), Simplified Acute Physiology 
Score (SAPS), Mortality Prediction Models (MPM), no specific severity-of-illness 
scoring systems were able to reliably predict the outcome of critically ill cancer 
patients [19]. Of various scoring systems used in the ICU, very few incorporate 
malignancy in details (like APACHE III incorporates “malignancy as hematological- 
disseminated” as a severity item for score calculation) [20]. Thus, a scoring system, 
incorporating cancer-specific prognostic variables such as performance status, pres-
ence of graft versus host disease (GVHD), is highly desirable which will potentially 
assist the intensivist deciding critical treatment pathways thoughtfully. Further 
examples of cancer-specific prognostic factors to be considered for development of 
such a scoring system are bedridden status, life expectancy less than 6  months, 
newly diagnosed malignancy unresponsive to chemo-radiotherapy [21]. Such a 
scoring system would definitely help to recognize patients who are unlikely to ben-
efit from ICU admission, in order to conserve costly ICU resources. Additional 
multi-centre cohort studies evaluating the ASSESS criteria, needs to be done [22]. 
This includes

• triage criteria for ICU Admission by oncologists/hematologists and ICU 
physicians;

• code Status implemented at ICU admission (full code, ICU trial, or early treat-
ment limitation);

• ICU Support; and patient’s Evolution;
• short- and long-term Survival;
• appropriate description of ICU Survivors.

43.2.4  Acute Respiratory Failure

Acute respiratory failure (ARF) is the most common cause of ICU admission among 
cancer patients [23]. Various aspects of this entity remained unexplored, which are 
as follows:

43.2.4.1  Definition and Treatment of Acute Respiratory Distress 
Syndrome (ARDS)

Causes of ARDS in cancer patients are uniquely described as pulmonary metastases 
(lymphangitic carcinomatosis), drug-induced lung injury (DILI), active GVHD, 
radiation toxicity, in addition to traditional aetiologies such as infection, trauma, 
transfusion, sepsis, or surgery. Therefore, the definition of ARDS in cancer needs 
modification as the prognosis varies with the type of malignancy associated with or 
chemo-radiotherapy. ARDS management strategies for such patients may be unique 
and different from those in the general population and studies focussing on such 
treatment modifications are needed [24].
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43.2.4.2  Role of Alternatives to Invasive Mechanical Ventilation 
in Cancer Patients

Use of invasive mechanical ventilation is linked to higher mortality in immunocom-
promised patients including those having malignancy [25]. Earlier, it was believed 
that non-invasive ventilation (NIV) is associated with more benefits or at least no 
harm to patients with immunodeficiency [26]. Later, the evidence was conflicting 
especially in ARDS, with no benefits and a few studies demonstrated higher mortal-
ity [27]. High degree of clarity is needed in identifying patients who may benefit 
from NIV application, and also in determining the duration of NIV trial. The other 
alternative to invasive mechanical ventilation is heated high flow oxygen therapy 
(HFNC) which requires further explorative studies after the two RCTs revealing 
conflicting results, comparing it with standard oxygen therapy and NIV [27, 28].

43.2.4.3  Role of Diagnostic Strategies
Prevalence, aetiology and prognostic implications of pneumonia in immunocom-
promised cancer patients are entirely different from general critically ill population. 
Infectious or non-infectious pathologies masquerading pneumonia may be simulta-
neously present and hence, requirement of various diagnostic interventions is highly 
desirable such as early bronchoscopy guided sampling or broncho alveolar lavage 
(BAL), thoracic ultrasound, trans-bronchial or open lung biopsy, along with early 
CT imaging [29]. Regrettably, not every patient can be subjected to such diagnostic 
interventions, therefore, future research should highlight who may benefit from 
such interventions after ICU admission [4]; for instance, BAL is indicated in evalu-
ating the cause of non-resolving pneumonia caused by Invasive Pulmonary 
Aspergillosis (IPA) and Pneumocystis jirovecii pneumonia (PJP) [30].

43.2.4.4  Role of Recruitment Manoeuvres, Inhaled Nitric Oxide 
and Prone Position

No prospective randomised controlled trial has yet assessed the efficacy and safety 
of these interventions in critically ill cancer patients with severe ARDS. Data from 
observational and retrospective studies reveal that prone positioning may improve 
mortality in cancer patients [4, 5].

43.2.4.5  Corticosteroids in Pneumonia
Available evidence for role of coticosteroids in ARDS caused by PJP, diffuse alveo-
lar hemorrhage, acute interstitial pneumonia or DILI are weak, and hence, require 
further exploration. Nevertheless, utility of steroids needs to be always balanced 
against the risk of infections [31].

43.2.4.6  Extra Corporeal Membrane Oxygenation (ECMO)
In case of severe ARDS requiring mechanical ventilation, the mortality can be as 
high as 60–100% [32]. Utility of ECMO in hematologic malignancies was reported 
with poor results, a well-designed prospective randomised controlled trial is needed 
to explain the outcome in cancer patients [33].
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43.2.5  Oncological Emergencies

In order to promote the research in oncological emergencies, Comprehensive 
Oncologic Emergencies Research Network (CONCERN)—an open scientific forum 
for oncology and emergency medicine was created [34]. We have reviewed few sub- 
domains related to research in oncological emergencies:

43.2.5.1  Febrile Neutropenia
This condition is well documented in immunocompromised cancer patients, which 
is defined as a single oral temperature of >38.3 °C or a temperature of >38.0 °C 
sustained for more than 1 h. In critically ill patients, this definition needs a modifica-
tion to include core body temperature, as oral temperature is not reliable in critically 
ill patients [35]. Granulocyte Monocyte Colony Stimulating Factor (GM CSF), is 
indicated in severe febrile neutropenia when the absolute neutrophil count (ANC) is 
less than <500 cells/microL or ANC that is expected to decrease to <500 cells/
microL over the next 48 hours associated with critical illness or high risk (expected 
to persist for more than 7 days). With the advances in the diagnosis of sepsis, the 
role of colony stimulating factors becomes questionable. Again, evidence assessing 
the clinical value of Colony Stimulating Factor (CSF), is lacking in critically ill 
neutropenic patients [36]. Studies to determine the optimal route of administration 
of such molecular therapies in critically ill patients with multi-organ dysfunction 
syndrome (MODS) and shock, where subcutaneous absorption is questionable, are 
awaited. Further studies are required comparing G-CSF versus GM-CSF as the data 
is contradictory. Moreover, the duration of therapy requires resilient evidence. 
Deterioration of respiratory status during the recovery from neutropenia, treated 
with G-CSF is a concern which needs to be specifically elucidated by further stud-
ies [37].

43.2.5.2  Tumor Lysis Syndrome (TLS)
The superiority of rasburicase over allopurinol in the prevention of TLS is still 
unclear, whether it reduces the intensity of clinical TLS, acute kidney injury or 
mortality, with very limited data in paediatric as well as adult population [32, 
37, 38].

43.2.6  Acute Kidney Injury (AKI) and Renal Replacement 
Therapy (RRT)

Malignancies (such as multiple myeloma), related complications (TLS, infections, 
compression and obstruction from a tumour, thrombotic microangiopathy, radio- 
contrast nephropathy, nephrotoxic chemotherapeutics) and major cancer surgeries, 
enormously predispose cancer patients to a uniquely recognized entity of acute kid-
ney injury, labelled as “Malignancy Related Acute Kidney Injury (MR-AKI)” [39]. 
Critically ill cancer patients were reported to have a 54% risk of developing AKI 
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[34]. Utility of biomarkers in the early detection of MR-AKI has to be investigated 
in prospectively designed research. Furthermore, an AKI prediction model is desir-
able by incorporating various biomarkers in critically ill cancer patients in order to 
detect and treat AKI timely [40].

43.2.7  Transfusion Medicine

Baseline prevalence of anaemia, thrombocytopenia and neutropenia due to 
myelosuppression is high in cancer patients, which gets amplified during critical 
illness [41]. As transfusion of the blood and blood component increases the risk 
of transfusion associated lung injury (TRALI), transfusion associated circulatory 
overload (TACO) apart from various infectious complications, a definite transfu-
sion threshold needs to be established for these patients. Apart from this blood 
transfusion can increase the risk of cancer progression. The age of packed red 
blood cells (PRBC) plays a major role in determining above risks [42]. Therefore, 
fresh PRBC transfusion is indicated in order to prevent such progression, how-
ever, further studies delineating the underlying mechanisms through which stor-
age of blood products can impact the rate of complications needs to be conducted 
in future [42]. Leukoreduced PRBC have decreased rates of transfusion related 
immune modulation (TRIM) by decreased HLA sensitization of recipients, apart 
from reduced incidence of febrile-non hemolytic reactions. Their preference in 
cancer patients cannot be quoted as a standard of care, until further studies with 
high level of evidence appear in upcoming years [42, 43]. Again, evidence is 
weak regarding recommendations to transfuse irradiated blood products to 
reduce the risk of TA-GVHD (Transfusion associated GVHD) in recipients of 
bone marrow transplantations, and further explorative work needs to be done in 
this area.

Whether restrictive transfusion (Haemoglobin cut-off at 7  g/dL) strategy is 
appropriate in patients with advanced cancer needs further research. No structured 
study has established unsafe INR (international normalized ratio) triggering trans-
fusion of fresh frozen plasma before invasive procedures. Studies to clarify indica-
tions and thresholds for various blood product transfusions (leukoreduced and 
irradiated blood products), specific to malignancies in situations explained as above, 
are much needed and awaited. Leukoreduced and irradiated platelets can also 
decrease the alloimmunization and platelet transfusion refractoriness, but their pre-
scription in specific clinical contexts needs to be addressed [42].

43.2.8  Nutritional Aspects

The prevalence of malnutrition in cancer patients admitted to ICU is exceedingly 
high (86%) [44]. Cancer as well as critical illness is systemic hyper inflammatory 
state which creates a high energy and protein demand leading to high risk of malnu-
trition. The Nutrition Risk Score 2002 (NRS-2002) and NUTRIC score (Nutrition 
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Risk in the Critically Ill) are valid screening tools that take into account of severity 
of illness [45]. However, in hospitalized cancer patients, Patient-Generated 
Subjective Global Assessment (PG-SGA) has been accepted as a malnutrition 
assessment tool [46]. NUTRIC score may not be applicable as IL-6 is usually high 
due to cancer induced inflammation. Other conditions which impair the assessment 
of nutritional status in cancer patients are fluid retention, tumour burden, excessive 
vomiting, anorexia, fatigue and depression, and organ toxicities. Composite of 
weight loss, serum CRP, albumin, urea, creatinine and alkaline phosphatase, in 
junction with various assessment tools such as PG-SGA, and Glasgow Prognostic 
Score (GPS) may be useful in grading malnutrition, and link that with mortality 
[47]. Therefore, we require development of new scoring systems for onco-critically 
ill patients, which needs further research in this field.

43.2.9  Infection Control and Diagnosis

Incidence of infections in cancer patients is high due to various factors (neutro-
penia, functional deficits in humoral and cellular immunity and complement 
kinetics) [48]. Many factors such as invasive catheters, drains and tubes, organ 
support devices, contribute to the escalating incidence of polymicrobial infec-
tions in such patients. Multicentric studies with prospectively collected data to 
delineate those factors that predispose cancer patients to sepsis, along with their 
risk stratification are required to be conducted. Diagnostic techniques for various 
bacterial, fungal and viral infections with rapid turnaround time with higher 
diagnostic performance are to be subjected to further research. Additionally, 
sampling methodology needs revamp in development of cost-effective and non-
invasive techniques. Interventional trials converging on evaluation of the sensi-
tivity and specificity of such rapid diagnostic methods, specifically applicable in 
cancer patients are desirable. Biomarkers as well as molecular techniques, with 
high negative predictive value, are needed, in order to reduce the burden of poly-
pharmacy, undue treatment toxicity and extra costs [49]. Furthermore, research 
addressing the safety and efficacy of antibiotic de-escalation in cancer patients 
with neutropenia is also desirable.

43.2.10  Post ICU Discharge Life

Limited literature is available regarding quality of life post ICU discharge, post 
ICU-burden, prevalence of post-traumatic stress disorder (PTSD) and post- intensive 
care syndrome (PICS) [50, 51]. The prevalence of various symptoms and signs like 
pain, disturbed sleep, anxiety, depression and activities based physical limitations 
due to contractures or development of critical illness neuromyopathy (CINM) at 
6-months or 1-year post ICU discharge need to be assessed. Another interesting 
focus of future research could be to evaluate the impact of the ICU support on long- 
term and disease-free survival among cancer patients [5, 15].
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43.2.11  Prognostication of Survival in Patients with Cancer

Survival time point, like ‘28-day’, which is commonly used in research related to 
the general ICU population cannot hold true in these patients. More pragmatic data 
like hospital discharge, post ICU survival time along with quality of life. There are 
well established prognostic scores such as “the palliative prognostic score’ and 
‘Glasgow Prognostic Score’, but their performance and validity in ICU patients are 
questionable. “Onco score”, was designed to predict post ICU discharge outcome of 
solid organ cancers at 120-day, needs to be evaluated through prospective studies, 
for other types of malignancies as well. Such scores can help the intensivists is to 
identify which patients with cancers would benefit from ICU care [52]. Future 
research in identifying and validating novel prognostic factors, and linking prognos-
tication to clinical decision making will be greatly appreciated.

43.2.12  End of Life Care (EOLC) and Palliative Care

A cancer patient is admitted to ICU with curative intent in mind, however, at times, 
the critical illness does not respond to even best treatments available in ICU and at 
such crossroads of oncology and acute illness, opportunities of providing the “best 
end of life care” emerge [53]. The pathway to providing the end of life care in ICU 
patients is full of challenges and uncertainties. It is wrong to state that ICU is not the 
place for palliative care and should be restricted to cancer patients with full code. 
Studies assessing the quality of collaborative decision making from the perspective 
of physicians, nurses and families along with qualitative outcomes like quality of 
death are much awaited. Further, the biological basis of non-pain symptoms (vomit-
ing, fatigue, delirium, breathlessness, and thirst), a critically ill palliative patient 
need further exploration in future clinical research. Various aspects of palliative care 
in ICU such as assessment and treatment of patient symptoms, psychosocial support 
for patients and families are the targets of future research [54].

43.3  Conclusion

Onco-critical care being a new sub-speciality has broad room for extensive research 
to resolve dilemmas and controversies in critically ill oncological patients related to 
various aspects such as development of dedicated ICUs, early screening tools to 
recognise patients at risk of deterioration in wards, cancer-specific severity scoring 
systems needful for prognostication and deciding the level of care in ICU, alterna-
tives to invasive mechanical ventilation, transfusion thresholds and type of blood 
products needed, development of malnutrition screening tools, quality of life post 
ICU discharge, formulation of cancer-specific guidelines and care bundles.
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