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Main Points

• Management of  patients with acute pain due to peripheral artery disease (PAD) is challenging due to high comorbidity and complex 
pathophysiology.

• Multimodal pain management is the cornerstone of  optimal treatment of  acute PAD-induced pain.

• The neuropathic component of  pain is of  utmost importance.

• Opioids are the gold standard treatment for severe pain.

• Multimodal analgesia, invasive techniques, and non-pharmaceutical interventions are effective and safe approaches for the management 
of  acute pain due to PAD.

Introduction
Peripheral artery disease (PAD) is defined as the clinical spectrum of  chronic vascular insufficiency due to widespread 
arterial atherosclerosis that predominantly affects the segments of  the lower limb (aortoiliac, femoropopliteal, and 
infrapopliteal).1-4 Although its incidence varies, more than 200 million patients worldwide are affected by PAD.1,3 
The infrapopliteal arterial form is the most prevalent, with a reported incidence of  up to 20%.1,3 As the population 
continues to age, the incidence of  PAD will increase, severely affecting the quality of  life and longevity of  patients. 
However, because PAD is often asymptomatic, it may remain underdiagnosed, underrecognized, or undertreated.

Abstract

Peripheral artery disease (PAD) is quite prevalent, and its incidence will increase with aging of  population. Pain is a key diagnostic feature 
of  symptomatic PAD and has been linked to disease progression and poor quality of  life. Symptom improvement is of  utmost importance in 
PAD; therefore, optimal and comprehensive pain therapy is mandatory. However, the management of  acute pain in PAD remains challenging 
due to the lack of  high-quality evidence, the complex pathophysiological mechanisms of  pain, and the high comorbidity of  patients. On the 
other hand, inadequate pain control leads to several pathophysiological deviations, such as the aggravated neuroendocrine stress response, 
which may be detrimental in patients with PAD. Experts suggest that the management of  acute pain in patients with vascular diseases should 
be oriented toward the underlying pathophysiological mechanisms of  each modality and should follow a multifactorial approach. Although 
the exact pain pathways in PAD are still poorly understood and more probably multifactorial, they may be key to an effective, individualized, 
patient-centered, multimodal pain strategy. The aim of  this review was to provide a holistic, beyond-opioids, individualized multimodal pain 
approach for patients with PAD.
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Peripheral artery disease (PAD) is quite prevalent, and its incidence will increase with aging of  population. Pain is a key diagnostic feature 
of  symptomatic PAD and has been linked to disease progression and poor quality of  life. Symptom improvement is of  utmost importance in 
PAD; therefore, optimal and comprehensive pain therapy is mandatory. However, the management of  acute pain in PAD remains challenging 
due to the lack of  high-quality evidence, the complex pathophysiological mechanisms of  pain, and the high comorbidity of  patients. On the 
other hand, inadequate pain control leads to several pathophysiological deviations, such as the aggravated neuroendocrine stress response, 
which may be detrimental in patients with PAD. Experts suggest that the management of  acute pain in patients with vascular diseases should 
be oriented toward the underlying pathophysiological mechanisms of  each modality and should follow a multifactorial approach. Although 
the exact pain pathways in PAD are still poorly understood and more probably multifactorial, they may be key to an effective, individualized, 
patient-centered, multimodal pain strategy. The aim of  this review was to provide a holistic, beyond-opioids, individualized multimodal pain 
approach for patients with PAD.
Keywords: Acute pain, multimodal treatment, pain, pain management, peripheral artery disease

Pain is a key diagnostic feature of  symptomatic PAD, 
and it has a major impact on quality of  life and everyday 
function. Worsening pain has been linked to disease 
progression.4-8 Hence, optimal and comprehensive pain 
treatment in patients with PAD is mandatory. However, pain 
management in this population proves to be challenging 
due to the lack of  high-quality evidence, the underlying 
complex pathophysiological mechanisms of  pain, and 
the high comorbidity-including ischemic heart disease, 
impaired renal function, and diabetes mellitus-which further 
complicate the provision of  therapeutic pain interventions.5 
On the other hand, inadequate pain control leads to several 
pathophysiological deviations such as the aggravated 
neuroendocrine stress response and the activation of  the 
autonomic nervous system (ANS), which may prove to be 
detrimental in patients suffering from PAD.5 Although the 
exact pain pathways and mechanisms in symptomatic PAD 
are multifactorial and still poorly understood, they are 
considered to be valuable assets that will lead to an effective, 
individualized, and patient-centered, multimodal pain 
strategy.

The first part of  this review presents a short overview of  
the clinical manifestations, pathophysiology, and etiology 
of  pain in patients with PAD. We then provide a holistic, 
beyond-opioids, individualized multimodal pain approach 
for acute pain in patients with PAD based on the relevant 
pain pathways.

Pain Manifestations of  PAD
Although PAD is usually asymptomatic in the early stages, 
up to 50% of  patients progress to symptomatic disease in 
which pain prevails. The key diagnostic characteristics of  
painful PAD are chronic and gradually worsening pain 
frequency and intensity, with exacerbations of  acute pain. 
Pain characteristics have been linked to disease progression, 
while clinical manifestations vary from intermittent 
claudication (IC) to critical limb ischemia (CLI). Of  note, 
CLI without treatment can cause tissue and limb loss.4,5,7-9

IC, otherwise known as stable PAD, presents as cramp-like 
pain in the muscle group distal to the atherosclerotic lesions. 
Buttock and thigh claudication indicate aortoiliac segment 
disease, whereas calf  claudication indicates femoropopliteal 
segment disease. IC pain follows a characteristic pattern: (i) 
pain is absent at rest, as there is adequate blood supply for the 
tissues; (ii) is triggered by exercise and develops progressively 
due to muscle ischemia; and (iii) is eased by a short period of  
rest. In the vast majority of  patients, IC pain recurs with the 
same pattern and at a similar walking distance.1,2,5 However, 
some patients may not present with the classic features of  
IC, but they may fall under the “leg pain/carry on” or “leg 
pain on exertion and rest” symptoms. Leg pain that occurs 
with exertion but does not force the patient to stop walking is 

known as “leg pain/carry on”, while pain that is consistently 
triggered by activity but may be present at rest is known as 
“leg pain on exertion and rest”.2

On the other hand, CLI is characterized by severe pain 
at rest, which is worse on elevation and only relieved by 
dependency.1,2,5 Pain is the result of  inadequate tissue 
perfusion and is often more intense at night, due to the 
absence of  the effects of  gravity on blood flow. Thus, it 
is relieved by hanging the lower extremity off  the bed 
or by standing up and walking. Rest pain in CLI may be 
accompanied by tissue loss ranging from ulcers to frank 
necrosis and gangrene, which may lead to major amputation 
and resultant stump pain, phantom limb pain, or post-
amputation mechanical back pain.1,2,4,5,7,8

Pathophysiology and Etiology of  Pain in PAD
The pathophysiology of  pain in PAD is multifactorial, 
complex, and not fully understood. Based on the latest 
proposed classification, PAD pain may be nociceptive, 
neuropathic, or mixed, where nociceptive and neuropathic 
elements coexist (Table 1).4,5,7-10 Identification of  the 
primary pathophysiological pathway in each stage of  
PAD is fundamental for the constitution of  an appropriate 
treatment strategy (Table 2).4,5,7,8,10,11

Nociceptive pain is mediated through nociceptive receptors, 
which are located in the outer and middle layers of  the 
wall of  large and medium-sized arteries. These receptors 
may be activated by dilation or dissection, whereas the 
painful stimulus is often further enhanced by stimulation of  
the ANS fibers that cover large vessels, such as the aorta. 
Moreover, in patients with PAD, nociceptive pain further 
escalates because of  the destruction of  tissues by chronic 
inflammation, which in turn activates the somatosensory 
nervous system.5,9 This surge of  inflammatory mediators, 
including cytokines and chemokines, triggers nociceptors 
and subsequently downregulates their threshold, a 
phenomenon known as peripheral sensitization. This state 
of  increased responsiveness is responsible for the activation 
of  the threshold of  pain pathways from non-painful or lower 
threshold stimuli and for the perceived aggravated response 
to noxious stimulation.5

Neuropathic pain is the result of  a lesion or disease of  the 
somatosensory nervous system. This may have an impact 
on the function or structure of  the somatosensory nervous 
system, leading to sensory loss and an increased responsiveness 
to noxious and innocuous stimuli. Neuropathic pain is 
a critical component of  CLI and indicates the long-term 
nature of  the underlying disease. Experts suggest that 
alterations in ion channels, G-protein-coupled receptors, 
neurotransmitters, and central activation constitute the 
main pathophysiological components of  neuropathic pain.5 
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Moving on to mixed pain, both advanced IC and CLI, where 
both neuropathic and nociceptive pain elements coexist with 
severe chronic inflammation, constitute a typical example.5,9 
In addition, patients with PAD may suffer from mixed pain 
after lower limb amputation. Following limp amputation, an 
interaction of  the sympathetic nervous system with the first-
order sensory neuron is established, which leads to central 
sensitization, which is the increased responsiveness of  the 
brain and spinal cord nociceptors to normal or below-
normal intensity of  afferent stimulus. The aforementioned 
changes, with subsequent modifications of  vascular network 
reactivity, indicate the existence of  central/complex regional 

pain syndromes (CRPS), which play a key role in phantom 
limb pain.5

It should be highlighted that in 2016, the term nociplastic 
pain was defined as “pain that arises from altered nociception 
despite no clear evidence of  actual or threatened tissue 
damage that causes peripheral nociceptors activation or 
evidence of  disease or lesion of  the somatosensory system 
causing the pain”.12 According to the latest literature, 
this fairly new concept of  pain appears in chronic pain 
conditions. From a pathophysiological point of  view, three 
main mechanisms have been recognized: supraspinal, spinal, 
and peripheral mechanisms. However, no study has indicated 
the implication of  oncoplastic pain in any stage of  PAD.12

Proposed Stepwise Pain Management for PAD
According to experts, managing the multifaceted nature 
of  pain in PAD is challenging and hence requires a 
multifactorial approach. Of  note, in addition to the proposed 
pain management strategy, optimal management of  PAD 
seems to be of  paramount importance for the adequate 
alleviation of  pain. Nevertheless, when the exacerbations of  
chronic pain are considered, treatment of  the neuropathic 
element of  pain is considered to be rather essential.5,6

Based on the current literature, it is recommended that 
optimal pain management should be individualized 
according to the patient, his/her comorbidities, the 
underlying pathophysiology of  the pain, and the respective 
clinical entity (PAD). Holistic multifactorial analgesia based 
on pharmaceutical agents, invasive techniques, and non-
pharmacological methods appears to prevail because it 
targets several sites throughout the pain pathways, providing 
better analgesic effects.

Pharmaceutical Pain Management
The model of  Channels-Enzymes-Receptors Targeted 
Analgesia (CERTA), a multimodal pain strategy, is proposed 
for optimal pharmaceutical pain management.2 Based on 
CERTA, a pain treatment strategy is adopted according to the 
pathophysiological pathways of  pain in each stage of  PAD. 
This model utilizes a variety of  analgesic agents, depending 
on pain pathways, in low doses in terms of  maximum safety 
and therapeutic efficacy for each agent. CERTA intends to 
be a stepwise therapeutic intervention with the titration of  
several opioids and non-opioid analgesics as the intensity 
of  pain increases. Tables 3-5 summarizes the proposed 
pharmaceutical pain management strategies according to pain 
intensity and the primary pathophysiological element.10,13-19 

It should be noted that the use of  non-steroidal anti-
inflammatory drugs (NSAIDs) in patients with PAD requires 
extreme vigilance because of  the high probability that there 
might be several contraindications for administration, 

Table 1. Pathophysiological Classification of  Pain in 
Patients with PAD

Primary 
pathophysiological 
mechanism of  pain

PAD stage

Nociceptive

Ischemia (acute ischemia or early-stage 
PAD)

Ischemia (end-stage PAD)
Stump pain

Mechanical back pain after limb 
amputation

Neuropathic
Ischemia (end-stage PAD)

Stump pain

Mixed
Ischemia (end-stage PAD)

CRPS: stump pain, phantom limb 
pain, mechanical back pain after limb

PAD, peripheral artery disease; CRPS, complex regional pain syndrome

Table 2. Etiology of  Acute Pain in Patients with PAD

Acute pain

Acute lower extremity 
ischemia Atherosclerotic plaque rupture

Acute exacerbations of  chronic pain

IC, CLI Atherosclerosis with progressive disease 
deterioration

Limb amputation

Stump pain
Exposure of  large and different tissue 
surfaces to a multitude of  nociceptors 
under strong noxious stimulation 

Phantom limb pain Central sensitization 

Mechanical back pain
Exacerbation of  pre-existing 
conditions, prolonged recumbency, and 
early stages of  prosthesis use 

PAD, peripheral arterial disease; IC, intermittent claudication; CLI, critical 
limb ischemia
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including comorbidities, bleeding predisposition, or active 
bleeding.5,6,14,17,18 Moreover, in contrast to intravenous or oral 
NSAIDs, topical or transdermal NSAIDs achieve analgesia 
through local infiltration and subsequently increase the 
concentration of  the drug up to 4-7 times in the target tissues 
compared with plasma concentrations. Pharmaceutical 

forms intended for topical use are considered ideal for 
patients with impaired renal function or elderly patients 
prone to elevated plasma concentrations of  the drug, as well 
as for patients with multiple comorbidities, such as patients 
with gastric ulcer and cardiovascular diseases, in which the 
use of  oral NSAIDs is contraindicated.14,17,18 

Table 3. Pharmaceutical Pain Management in Mild Pain (NRS 1-3/VAS 1-3, Step 1)

Nociceptive

Paracetamol (1 g)
Paracetamol SL 0.5gr x2
NSAIDs: ibuprofen, 400 mg; naproxen, 500 mg; diclofenac, 50 mg; celecoxib, 200 mg
NSAIDs: diclofenac topical gel 1% (maximum dose: 2 gr upper extremities, 4 gr lower extremities), solution 1.5% (maximum 
dose: 40 drops), transdermal patch 1.3% (1 patch)

Neuropathic
Mixed/CRPS

Lidocaine: transdermal patch 4-5% (up to 3 patches), lidocaine 2.5% + prilocaine 2.5% gel (up to 20 gr in 200 cm2)
Capsaicin: transdermal patch 3.75-8% (up to 4 patches)

NRS, numerical rating scale; VAS, visual analogue scale; PO, oral administration; SL, sublingual administration; NSAIDs, non-steroidal anti-inflammatory drugs; 
CRPS, complex regional pain syndrome

Table 4. Pharmaceutical Pain Management for Moderate Pain (NRS 4-6/VAS 4-6#, Step 2)

Nociceptive

Paracetamol (1 g)
NSAIDs: ibuprofen IV 400-800 mg, diclofenac
NSAIDs: diclofenac topical gel 1% (maximum dose: 2 gr upper extremities, 4 gr lower extremities), solution 1.5% 
(maximum dose: 40 drops), transdermal patch 1.3% (1 patch)

Neuropathic
Mixed/CRPS

Ketamine: IV 0.1-0.3 mg kg-1 (single dose in 10-15 minutes) or IV 0.15 mg kg-1 h-1 (continuous infusion), or IN 
0.7-1 mg kg-1

Gabapetin 50 mg or pregabalin 25 mg (GABA)
Duloxetine PO 30 mg (SNRIs)
Amitriptyline PO 10-25 mg (TCAs)

#Nitric oxide (NO; 50% O2 + 50% N2O, inhaled), while other forms of  analgesia are installed.
NRS, numerical rating scale; VAS, visual analogue scale; IV, intravenous administration; PO, oral administration; NSAIDs, non-steroidal anti-inflammatory drugs; 
CRPS, complex regional pain syndrome; GABA, gabapentinoids; SNRIs, selective norepinephrine receptor inhibitors; TCAs, tricyclic antidepressants

Table 5. Pharmaceutical Pain Management in Patients with Severe Pain (NRS ≥7/VAS ≥7#, Step 3)

Nociceptive

In addition to Step 2, the following steps are repeated:
Morphine IV 0.05-0.1 mg kg-1

Fentanyl IV 0.5-1.0 μg kg-1

Ketamine: IV 0.1-0.3 mg/kg (single dose in 10-15 minutes) or IV 0.15 mg kg-1 h-1 (continuous infusion), or IN 0.7-1 mg kg-1

Lidocaine IV 1-2 mg kg-1 (single dose over 10 minutes, 200 mg maximum dose) or IV 0.5-3 mg kg-1 h-1 (continuous infusion, 
based on ideal body weight, 200 mg maximum dose)
Dexmetatomidine IV 0.5-1.0 μg kg-1 (loading dose in 10 minutes) or IV 0.5-2 μg kg-1 h-1 (continuous infusion) or IN 1-2 μg kg-1

Neuropathic
Mixed/CRPS

In addition to Step 2, the following steps are repeated:
MgSO4 IV 70 mg kg-1 (in 4 hours with an average flow of  25 mL hr)
Dexamethasone IV 8 mg with simultaneous administration of  250 mL 10% mannitol
Morphine IV 0.05-0.1 mg kg-1

Fentanyl IV 0.5-1.0 μg kg-1

Lidocaine IV 1-2 mg kg-1 (single dose over 10 minutes, 200 mg maximum dose) or IV 0.5-3 mg kg-1 h-1 (continuous infusion, 
based on ideal body weight, 200 mg maximum dose)
Dexmetatomidine IV 0.5-1.0 μg kg-1 (loading dose in 10 minutes) or IV 0.5-2 μg kg-1 h-1 (continuous infusion) or IN 1-2 μg kg-1

#Nitric oxide (NO; 50% O2 + 50% N2O, inhaled) while other forms of  analgesia are installed.
NRS, numerical rating scale; VAS, visual analogue scale; IV, intravenous administration; ΙΝ, intranasal administration
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Invasive Techniques
If  the above therapeutic interventions fail and the pain intensity 
remains high (numerical rating scale-NRS score or visual 
analog scale score>7), the use of  invasive techniques in the 
form of  peripheral nerve block (PNB) is mainly recommended 
in patients with CRPS.15 Moreover, PNB attenuate the 
sympathetic tone and produce significant vasodilation, two 
important features in PAD-related ischemic pain. For patients 
with stump and phantom limb pain after amputation, PNB 
with the addition of  clonidine to the local anaesthetic solution 
remains the gold standard. In patients undergoing below the 
knee amputation, the block of  the sciatic nerve is sufficient, 
in contrast to the one above the knee amputation where the 
block of  the femoral nerve is necessary.5

Non-pharmaceutical Pain Management
The implementation of  non-pharmaceutical interventions 
is strongly recommended in parallel with pharmaceutical 
measures and always depends on the patient’s age, 
developmental status, prevailing conditions, and severity of  
the current clinical condition (Table 6).14,19

Intermittent Pneumatic Compression
Although high-quality data are lacking, intermittent pneumatic 
compression (IPC) could serve as a safe and effective 
alternative for patients with non-operable PAD in an attempt 
to alleviate the symptoms, including pain, of  PAD and CLI. 
It appears that IPC can reduce pain intensity and increase 
pain-free walking distance in patients who are not suitable 
candidates for open or endovascular surgical treatment and in 
those who require palliative care. The main idea behind this 
favorable profile of  IPC is that implementation of  IPC can 
improve venous outflow and arterial flow and can increase the 
shear stress and release of  nitric oxide by the endothelium, 
leading to vasodilation and decreased peripheral resistance.20,21

Lifestyle Changes
Nutrition and Diet Therapy
Although high-quality data are still missing, it seems that the 

Mediterranean diet, along with nuts and polyunsaturated 
fats, may be associated with a lower incidence of  PAD, 
while it may improve blood flow and reduce pain in patients 
with established PAD.22 Overall, adherence to a healthy 
diet, rich in antioxidants, in an attempt to reduce chronic 
inflammation, oxidative stress, and endothelial dysfunction 
has been associated with improved outcomes in PAD.22 
Moreover, it has been reported that oral antioxidants such as 
vitamin E, vitamin C, beta-carotene, ginkgo biloba, cocoa, 
and flavonoids may lead to longer pain-free walking distances 
in patients suffering from chronic PAD.22,23 However, there 
is a paucity of  data regarding their value in the acute phase 
of  the disease.

Smoking Cessation
Smoking can increase the levels of  potent vasoconstricting 
peptides, such as endothelin-1, for approximately 15 
minutes.22 Long-term increased endothelin-1 levels can 
reduce muscle blood flow and compromise vasodilation.23 
Thus, smoking cessation is associated with a decreased risk 
of  progression from PAD to CLI, improved walking ability, 
and decreased claudication symptoms.22,23 However, a 
direct association between smoking cessation and ischemic 
pain exacerbation has not been established.22

Supervised Exercise Therapy
Exercise training, including aerobic and strength training, 
as tolerated with gradually increased physical activity or 
exercise to near-maximal claudication levels, has been 
proven to be beneficial to ischemic pain management due 
to enhanced perfusion, muscle oxygen extraction capacity, 
regulation of  vessels, and vascular endothelium function.22 
Compared with home-based training, supervised exercise 
therapy (SET) is a more effective strategy for the management 
of  symptomatic PAD.22 SET is defined as 30-60 min of  
treadmill or track walking to the point of  pain, followed by 
rest. SET walking programs are the recommended first-line 
therapy for claudication.22 Self-directed walking programs 
are recommended as second-line treatment when SET 
is not applicable. According to the results of  the ERASE 
trial, SET combined with revascularization in patients with 
aortoiliac or femoropopliteal PAD demonstrated increased 
maximum walking distance, pain-free walking distance, and 
better quality of  life.22,23 However, SET is contraindicated for 
patients with ischemic pain at rest, and there is a paucity of  
data regarding its value in the acute phase of  the disease. 
Lastly, regarding high- or low-intensity exercises, there is no 
available evidence to support their value in terms of  better 
outcome.22

Figure 1 summarizes the proposed algorithm for a stepwise 
and multimodal pain approach for PAD.

Table 6. Non-pharmaceutical Interventions
Adequate time available for history 
taking and patient interaction Music therapy

Reassurance and attentive listening Aromatherapy

Empathy
Discussion with a 
psychologist or cognitive 
therapy

Eye contact Massage

Use of  wheelchair or wheeled bed Acupuncture

Resting body position and/or resting of  
the suffering limb

Transcutaneous electrical 
nerve stimulation

Tools for distraction: television, tablet 
applications, virtual reality, and book 
reading

Infiltration and/or massage 
of  trigger points
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Conclusion
PAD is prevalent, and pain is a key diagnostic feature 
of  symptomatic PAD. Inadequate pain control may be 
detrimental to patients with PAD. Hence, optimal and 
comprehensive pain therapy is mandatory. However, the 
management of  acute pain in PAD remains challenging. An 
individualized, patient-centered, multimodal pain strategy 
based on the underlying pathophysiological mechanisms of  
each stage of  PAD, including lifestyle modifications, is key to 
a holistic and effective pain approach for patients suffering 
from PAD.
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Introduction
The shortage of  transplanted organs is a significant medical and social issue, as transplantation is often the best 
therapeutic option for end-stage organ failure.1 One donor has the potential to impact the lives of  six others. Organ 
donation is a national priority in France, with several “graft plans” implemented by the French Bio-medicine 
Agency, the national organ procurement organization (OPO), to increase public and healthcare staff  awareness.2 
There is no age limit for organ donors, and with improved medical management, the criteria for potential organ 
donor selection have been expanded since 2003.3 In 2016, 9.9% of  the donors were alive, 90.1% were deceased, and 
95.2% were brain dead.4 Over the past 20 years, the etiology of  death has changed, with traumatic brain injuries 
accounting for over 50% of  deaths in the 1990s and over 60% of  deaths today attributed to stroke. In 2016, 3,676 
patients were identified as potential organ donors, but only 1,770 patients became actual organ donors, resulting 

Main Points

• Implementing a specific protocol for managing catastrophic neurological patients resulted in an increase in actual donors and organ 
donors.

• This protocol respects patients’ autonomy and facilitates relationships with their families.

• This protocol could help reduce the shortage of  transplant recipients.
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Abstract

Objective: Deficiency of  organs for transplantation is a significant public health issue. French learned societies accept intensive care 
unit admission for patients with catastrophic neurological prognosis to optimize organs prior to probable brain death. We evaluated the 
implementation of  a specific ethical care procedure for these patients.
Methods: A descriptive before-after study was conducted, comparing the 2009-2012 period to the 2013-2016 period, during which this 
procedure was applied.
Results: The number of  patients increased from 145 to 186 (+28.3%) and the number of  harvested organs increased from 323 to 485 
(+50.1%). The anticipated organ donation approach was initiated 135 times. Of  the 117 meetings with families, 83 (71%) consented to organ 
donation. Fifty-three (64%) patients were brain dead, and 49 (92%) of  these patients had 194 organs harvested. 
Conclusion: The anticipated approach increased the number of  donors and organs suitable for grafts. The application of  a specific protocol 
for managing untreatable catastrophic neurological patients improved communication between hospital staff  and families and respected 
patient autonomy by offering options for either organ donation or palliative care.
Keywords: Brain death, intensive care, organ donors, organ procurement, tissue donors
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in 5,891 solid organ transplantations. Although impressive, 
the annual number of  organ transplants is low compared 
with the 15,465 patients on the waiting list, which continues 
to grow.4 Patients with renal failure are the most numerous 
on the waiting list, and they are increasingly older, which 
decreases their chances of  transplantation. An increase in 
potential donors is necessary.

Given the lack of  grafts and longer waiting lists, the use of  
marginal transplants has increased, particularly in elderly 
patients. Intensive care unit (ICU) admission of  patients 
with catastrophic neurological prognosis presents ethical 
and economic challenges for ICU teams. The legitimacy 
of  this care was established in 2010. French intensivist 
approved ICU admission of  patients with severe coma 
after infarction or cerebral hemorrhage in the absence of  
therapeutic resources and when progression toward brain 
death is likely for exclusive organ donation.1,5 This is an 
anticipated organ donation approach. Implementation in 
hospitals requires new practices to identify potential donors, 
select patients, and communicate with families. We evaluated 
the implementation of  a specific ethical care procedure for 
patients with catastrophic brain injuries.

Methods
The study protocol consisted of  a retrospective analysis 
of  an anonymised database without any direct human 
involvement. In accordance with the French law at the 
time of  the study, the protocol received approval (approval 
number: 8.4.17, no.: 376) from the local ethics review board 
on April 8, 2017, at the military teaching hospital Sainte 
Anne, Toulon, France.

We conducted a retrospective cohort study in a local 
OPO located in Centre Hospitalier Intercommunal de 
Toulon, France, which works with four regional hospitals. 
We compared two periods: 2009-2012, during which an 
anticipated organ donation approach was not in place, and 
2013-2016, during which a specific protocol was initiated. 
We included all patients diagnosed with complete brain death 
or who were included in the anticipated organ donation 
approach. The collected data included demographics (age), 
number of  potential organ donors, number of  actual organ 
donors, number and type of  organs retrieved, and evolution 
after identification of  potential organ donors or after 
inclusion in the anticipated organ donation approach.

Anticipated Organ Donation
The aim of  this approach is to admit patients to the ICU 
who do not have brain death but have a high probability 
of  subsequent brain death. These patients require a specific 
protocol to avoid initiating an anticipated procedure if  there 
is an obvious obstacle to organ donation, if  the patient 
cannot be medically treated (e.g., no beds available in the 

ICU), or if  the patient is not progressing toward brain death. 
We performed step-by-step screening in the emergency unit, 
stopping the procedure when any step resulted in a “no” 
(Figure 1). We screened patients with catastrophic brain 
injuries after infarction or cerebral hemorrhage, in an 
absence of  therapeutic resources, and after multidisciplinary 
ethics discussions to make treatment withdrawal decisions.

The local OPO was contacted to coordinate the protocol. 
We evaluated whether the patient had a high probability 
of  progressing toward brain death. We used locally defined 
criteria to identify a brain state preceding the “imminent 
brain death” state by 24-48 hours. These selection criteria 
evolved during the implementation of  the procedure 
and included either a Glasgow coma score <5 without 
confounding factors and the absence of  bilateral corneal 
reflex or the disappearance of  three brainstem reflexes; an 
initial Glasgow coma score <7 with at least one negative 
element on computed tomography: obliterated basal 
cisterns, subfalcine herniation superior to 15 mm, hematoma 

Figure 1. Step-by-step screening of  a patient with 
catastrophic brain injury.
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superior to 65 mL, or intraventricular hemorrhage with 
bleeding inside V3 or V4.

We subsequently evaluated whether the patient was a 
potential organ donor by reviewing their medical and 
surgical history, performing a clinical examination, and 
assessing kidney and liver function. If  a bed was available 
in the ICU within 6 hours, the patient was included in the 
anticipated approach. The family was contacted to confirm 
that there was no opposition to organ donation under 
French law. A local OPO member met with an intensivist 
or an emergency doctor. Patients without opposition were 
admitted to the ICU for nontherapeutic care, which only 
included organ preservation and patient comfort. We 
allowed 48 hours for brain death diagnosis. For patients 
whose families objected to organ donation, or if  there 
were no free beds in the ICU or no brain death after 48 
hours, palliative care was initiated. The local OPO member 
established a moral contract with the family to inform them 
and make decisions within a reasonable timeframe.

Management of  Potential Organ Donors
The management of  potential organ donors was guided 
by international guidelines.2,6 In the absence of  evidence 
of  cortical function and brainstem reflexes with no 
confounding factors, an apnea test was performed with 
continuous positive airway pressure at 10 cm H2O. The 
ancillary testing methods for determining brain death were 
cerebral angiography and electroencephalography.

Statistical Analysis
Quantitative data are provided as numbers, means (standard 
deviation), or percentages. All analyses were performed with 
Excel 2011 (Microsoft, USA).

Results
We identified 331 potential organ donors with brain death 
over 8 years. Of  these, 210 became actual donors, resulting 
in 808 organs being transplanted. Table 1 presents the 
number of  organ donors during the first and second periods 
and the anticipated approach during the second period. A 
mean of  36.5 potential organ donors per year before 2012 
and 46.5 per year beginning in 2012 represented a gain of  
28.3%. The number of  actual organ donors increased from 
22.75 per year to 29.75 per year, representing a gain of  
30.7%. The number of  solid organs transplanted increased 
by 50.1% from a mean of  80.75 transplantations per year 
to 121.25 transplantations per year. The number of  annual 
renal grafts is shown in Figure 2.

During 2013-2016, the anticipated organ donation 
approach was initiated 135 times. A flow chart of  patient 
evolution is provided in Figure 3. Among the 53 patients 
who died, 49 (92%) were actual donors.

Table 1. Organ Donation Data for the Two Periods and the Anticipative Approach

Group All patients All patients
Evolution 

between the two 
periods

Only patients requiring 
the anticipated approach

Period 2009-2012 2013-2016 2013-2016

Age 56.6 58.2 67.5

Potential organ donors 145 186 +28.3%

Organ donors 91 119 +30.7% 49

Organs transplanted 323 485 +50.1% 194

Kidney 164 228 +39% 98

Liver 68 103 +51.5% 43

Heart 33 42 +27.3% 20

Lung 53 102 +92.5% 29

Pancreas 5 10 +100% 4

Figure 2. Number of  renal grafts per year.
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Discussion
Our study demonstrates that the anticipated organ donation 
approach increased the number of  actual organ donors and 
the number of  organs harvested, particularly kidneys. The 
number of  potential donors increased by 28.3% between 
the two periods, whereas the national increase was 12.2%.4

The anticipated approach is initiated early after 
neuroaggression and is often implemented in the hospital 
emergency room after an initial clinical and paraclinical 
workup, including cerebral and transcranial Doppler 
ultrasonography. Identifying an untreatable cerebral 
lesion and making a decision after a multidisciplinary 
ethics discussion regarding the therapeutic intensity of  
palliative care will orient the patient toward the anticipated 
approach. Identifying early clinical and paraclinical data to 
predict subsequent brain death is essential for preventing 
unnecessary organ care. Retrospective studies have created 

scores to predict brain death, but no prospective studies have 
defined pertinent predictive criteria. de  Groot  et al.7 defined 
the principle of  “imminent brain death” as “a mechanically 
ventilated, deeply comatose patient admitted to an ICU 
with irreversible catastrophic brain damage of  known 
origin”.3 This condition requires a Glasgow coma score of  
3 and progressive absence of  at least three of  six brainstem 
reflexes, or a score of  E0M0B0R0 on the Full Outline of  
UnResponsiveness scale. Although this stage suggests a 
final evolution toward brain death, it is rarely detected in 
the emergency department before ICU admission. The 
condition is more frequently detected within 48 hours of  
ICU admission due to hematoma, ischemic edema, or 
hydrocephalus. No clinical argument has been established 
to predict the occurrence of  brain death with sensitivity, and 
imagery data alone cannot predict it.8,9 The evolution of  
the results of  repeated neurological examinations, cerebral 
imagery, and transcranial Doppler ultrasonography over 

Figure 3. Flow chart of  patient evolution with an anticipated organ donation approach during the 2013-2016 period.

ICU, intensive care unit; OPO, organ procurement organization
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time, while eliminating confounding factors, enables 
clinicians to predict subsequent brain death. Although 
no usable predictive score is available in current clinical 
practice, data from the literature and successful experience 
have enabled us to select the criteria used in our protocol.

The anticipated organ donation approach is a proactive 
solution to organ donation10,11 and involves all players from 
the emergency department to the ICU. Player involvement 
relies on the conviction that taking the time to confirm 
brain death can help resolve public health problems. de 
Groot et al.7 reported that professional practices have been 
modified in recent years. When brain death is anticipated, 
communication with families regarding the possibility of  
organ donation.

In our local OPO during the 2013-2016 period, 62% of  
the meetings with families occurred before the diagnosis 
of  brain death was confirmed. Out of  the 117 anticipated 
approaches performed, more than two-thirds of  patients 
were admitted to the ICU, and over half  of  them donated 
organs. This overall proportion is close to that recorded 
in patients with brain death. Our approach increased the 
number of  patients listed as brain dead in a population base, 
and the grafts confirmed our results. Experience with this 
technique acquired over time should result in an increase 
in the number of  organs available for grafting. The next 
step is to fine-tune the predictive criteria and reduce errors 
secondary to procedure implementation. The refusal rate 
observed by our team was lower than that observed annually 
in France (29% vs. 33.7%).4

The interest of  a standardized “anticipated approach” 
procedure is to enable all healthcare staff  to identify potential 
donors beginning in the emergency room and to respect 
ethics and good practices during end-of-life situations. 
The algorithm for the care of  untreatable catastrophic 
neurological patients is an aid for physicians, enabling them 
to resolve ethical problems between respecting the wishes 
of  patients and public health given the shortage of  grafts. 
The local OPO does not intervene in multidisciplinary 
discussions regarding the intensity of  patient therapy but 
only intervenes after the decision to perform palliative care. 
In our experience, the local OPO is a real added value, as it 
improves the experience of  the healthcare team and families 
by coordinating the data of  different players. Potential 
patients were screened by specially trained personnel. These 
situations are emotionally stressful for families, and the 
healthcare team must be capable of  proposing adapted and 
coherent care. Invasive treatment must not be continued 
if  the patient is not ultimately brain dead or if  there is a 
contraindication. This approach can reduce the number of  
available organs for patients on waiting lists. The positive 
evolution of  the number of  patients and organs harvested 
in our study should encourage teams to develop this 
anticipated approach. Implementation of  this approach in 

hospitals requires the writing of  a specific procedure that 
describes the steps involved in this type of  care. The families 
are included in this donor approach.

The absence of  proof  of  brain death is considered a failure 
by the healthcare team and family. Since 2014, France has 
authorized the harvesting of  organs from patients who died 
of  cardiac arrest after the discontinuation of  active ICU 
therapy (Maastricht 3). Patients under 65 years of  age who 
are included in the procedure can be donors despite the 
absence of  proof  of  brain death. Therefore, an “ethical” 
continuity exists in these procedures that makes it possible 
to reduce the number of  failures in the donor procedure.

The anticipated approach involves older patients who, for 
the most part, are stroke victims with multiple pathological 
histories. Most of  these cases are “imperfect” donors, for 
whom the question of  so-called “expanded criteria” organs. 
The use of  grafts obtained from donors with expanded 
criteria is no longer in question,12 with the development 
of  organ preservation techniques by machine perfusion13 
enabling access to grafts for many patients who cannot be 
otherwise operated on.

Study Limitations
We acknowledge several limitations of  our study. First, 
we conducted a retrospective cohort study with limited 
available demographic and clinical data or reasons for 
family refusal. In addition, the initiation of  the anticipatory 
approach was due to the medical team and their awareness 
of  the detection and inclusion of  these rapidly deteriorating 
patients for whom no care was previously offered, which 
may have underestimated our results. Finally, the criteria 
used to detect early a possible transition to a state of  brain 
death within 48 hours were based on limited published data 
and the local experience of  practitioners, which may have 
led to the exclusion of  potential donors.

Conclusion
The anticipated organ donation approach increases the 
number of  organs available for transplantation, helping 
to address the public health issue of  organ shortage. 
Implementing this approach requires a written protocol 
tailored to each hospital for the care of  patients with 
untreatable catastrophic neurological injuries, as well 
as local OPO training and increased awareness among 
healthcare personnel. The anticipated approach respects 
patient autonomy by offering the option of  organ donation 
or palliative care and aligns with the development of  
practices that facilitate communication between healthcare 
personnel and families. This procedure benefit from 
scientific advances in the early determination of  predictive 
criteria for brain death and reinforces harvesting procedures 
after cardiocirculatory arrest.
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Introduction
Delirium is a mental syndrome with a sudden onset in hospitalized patients, characterized by impaired cognitive 
function, and is more common in intensive care units (ICU).1,2 This syndrome has many consequences, including 
prolonged hospital stays, elevated mortality rates, escalated healthcare costs, and a surge in the workload of  
healthcare providers.3,4 Therefore, increasing the awareness of  medical personnel regarding this syndrome in 
critically ill patients is of  great importance for effective delirium management.5

The prevalence of  delirium in ICUs is 22-84% and is higher and more variable than that in ward patients.6,7 

This variability may be due to the study design, differences in data collection, method of  diagnosing delirium, 

Main Points

• Delirium is prevalent within intensive care unit (ICU) environments, and the incidence of  hypoactive type delirium is higher than ex-
pected.

• Various risk factors contribute to delirium, including age, sensory impairment, education level, procedural interventions, and drugs.

• Strategies such as oral nutrition and mobilization can help reduce delirium incidence in the ICU.

Abstract

Objective: The negative effects of  delirium in intensive care unit (ICU) patients necessitate the identification and management of  risk 
factors. This study aimed to determine the incidence of  delirium and its associated modifiable and non-modifiable factors in the ICU setting 
to provide valuable insights for better patient care and outcomes.
Methods: Patients admitted to the ICU underwent delirium screening twice daily. Comprehensive records of  modifiable and non-modifiable 
risk factors were maintained throughout the ICU stay. 
Results: The incidence of  delirium was 32.5%. Age [odds ratio (OR) 1.04, confidence interval (CI) 1.02-1.06, P < 0.001)]. Illiteracy 
(OR 4, CI 1.19-13.35, P=0.02), hearing impairment (OR 3.37, CI 1.71-7.01, P=0.001), visual impairment (OR 3.90, CI 2.13-7.15, P < 
0.001), hypertension (OR 2.56, CI 1.42-4.62, P=0.002), Sequential Organ Failure Assessment score (OR 1.21, CI 1.08-1.36, P=0.001), 
Acute Physiology and Chronic Health Evaluation II score (OR 1.20, CI 1.12-1.28, P < 0.001), presence of  a nasogastric catheter/drain (OR 
2.15, CI 1.18-3. 90, P=0.01), tracheal aspiration (OR 3.63, CI 1.91-6.90, P < 0.001), enteral nutrition (OR 2.54, CI 1.12-5.76, P=0.02), 
constipation (OR 1.65, Cl 1.11-2.45, P=0.02), oliguria (OR 1.56, Cl 1.06-2.28, P=0.02), midazolam infusion (OR 3. 4, Cl 1.16-10.05, 
P=0.02), propofol infusion (OR 2.91 Cl 1.03-8.19, P=0.04), albumin use (OR 2.39, Cl 1.11-5.14 P=0.02) and steroid use (OR 2.17, Cl 1.06-
4.40, P=0.03) were found to be independent risk factors for delirium.
Conclusion: This study highlights several risk factors contributing to delirium, such as age, sensory impairment, educational level, procedural 
interventions, and medications. Oral nutrition and mobilization are effective strategies for reducing delirium incidence in the ICU. 
Keywords: Cognition disorders, critical care, delirium, incidence, risk 
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patient characteristics, environmental conditions, and use 
of  sedatives and analgesics. There are three classic types 
of  delirium: hyperactive, hypoactive, and mixed. The 
diagnosis of  hypoactive and mixed subtypes of  delirium 
might be overlooked. However, these clinical subtypes may 
still be present in approximately one-third of  all critically ill 
patients admitted to the ICU.8,9

Delirium is a multifactorial syndrome. The risk factors are 
classified as modifiable or non-modifiable. Advanced age, 
comorbidities, and visual impairment are examples of  non-
modifiable factors. Electrolyte and metabolic abnormalities, 
drugs, infection, pain, anaesthesia and surgery, intensive 
care interventions, malnutrition, mobilization, and lack of  
environmental stimulation are among the most common 
modifiable factors.10,11 During the coronavirus disease-2019 
pandemic, delirium was observed more frequently due to the 
mandatory stricter implementation of  isolation measures in 
ICUs. Benzodiazepine use and absence of  family visits were 
modifiable risk factors for delirium in this patient group.12

Early recognition of  delirium is important for all intensive 
care patients. Identifying risk factors associated with delirium 
and closely monitoring high-risk patients are crucial to ensure 
effective management and care. The primary approach to 
delirium prevention involves addressing and eliminating 
modifiable risk factors. However, in situations where delirium 
is accompanied by severe agitation, pharmacological 
treatment may be necessary to ensure patient safety and 
enhance comfort.13,14 Although drugs such as antipsychotics, 
benzodiazepines, and dexmedetomidine have been used to 
treat delirium symptoms, current guidelines do not support 
their routine use.11,13-16

In this prospective observational study, we aimed to 
determine the overall incidence of  delirium, including 
hypoactive and mixed types that may be clinically 
overlooked, and to identify the associated modifiable and 
non-modifiable risk factors in ICU patients.

Methods
After obtaining ethics committee approval from the Gazi 
University Faculty of  Medicine Clinical Research Ethics 
Committee (decision no.: 588, date: 10.9.2018), this 
prospective observational study was conducted between 
September 2018 and May 2019 at the Gazi University, 
Departments of  Anaesthesiology ICU, Neurology, and 
General Surgery. All three tertiary ICUs involved in this 
study follow an arena-style design, which allows for optimal 
monitoring and patient care in a centralized setting.

Patients aged >18 years of  age who were hospitalized in 
the ICU for >48 hours were included in the study. Patients 
who lacked proficiency in Turkish, failed to comply with 
the diagnostic test (Richmond Agitation and Sedation 

Score: RASS ≤-4), or had a documented medical history of  
Alzheimer’s disease and/or dementia were excluded from 
the study (Figure 1).17 Diagnosis of  Alzheimer’s disease, 
based on medical records before ICU admission. After ICU 
admission, patients with appropriate clinical conditions 
were screened using the Mini-mental test.

The evaluations were performed by the same 
anaesthesiologist, ensuring consistency across all patient 
assessments. This researcher was responsible for conducting 
twice-daily delirium screening tests at 8:00 am and 8:00 pm 
using the Confusion Assessment Method for the ICU  to 
screen for delirium.18 Demographic data (age, gender, body 
mass index, education level, and comorbidities), ICU type 
(anaesthesia, neurology, and general surgery), ward type 
before ICU admission, duration of  hospital stay before 
ICU admission, Acute Physiology and Chronic Health 
Evaluation (APACHE) II score, and Sequential Organ 
Failure Assessment (SOFA) score were recorded.

Figure 1. Flow chart of  the study.

RASS; Richmond agitation and sedation score; ICU, 
intensive care unit.



Turk J Anaesthesiol Reanim 2024;52(6):213-222Erel et al. Delirium and Risk Factors

215

The daily follow-up records included the presence of  medical 
devices (such as endotracheal tubes, nasogastric tubes, 
and catheters), duration of  mechanical ventilation, drug 
infusions, pain scores [using the visual analogue scale (VAS)], 
hemodynamic changes, oxygen requirements, shock status, 
electrolyte and acid-base imbalances, number of  administered 
drugs, family visits, method of  nutrition, urine output, 
frequency of  defecation, infection status, and administration 
of  sedative drugs. Patients diagnosed with delirium were 
continuously monitored. Follow-up involved tracking the 
specific drug treatments, total duration of  delirium, and 
delirium relapse. Additionally, the length of  ICU stay and 
discharge or mortality status of  the patients were recorded. 

To ensure objective data collection, the records were 
maintained by an independent investigator who was not 
involved in patient follow-up or treatment. Routine patient 
care, including the management of  delirium and other 
medical conditions, was provided by intensivist who were 
not a part of  the study, ensuring that treatment protocols 
were unaffected by the research procedures.

Statistical Analysis
The Statistical Package for the Social Sciences version 22.0 
(SPSS Inc. Chicago, USA) was used to analyze the study 
data. The descriptive statistics section evaluates categorical 
variables as numbers and percentages and continuous 
variables as mean ± standard deviation. The conformity of  
continuous variables to a normal distribution was evaluated 
using visual (histogram and probability graphs) and 
analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk 
tests). The Mann-Whitney U test was used to compare data 
that did not conform to the normal distribution. Pearson’s 
chi-square test was used to compare independent groups for 

categorical variables. Univariate logistic regression analysis 
was used to identify factors associated with delirium. The 
regression analysis results are presented as OR and 95% CI. 
The statistical significance level was set at P < 0.05.

Results 
In total, 212 patients from the anaesthesia, general surgery, 
and neurology ICUs were followed up. The most common 
indication for ICU admission was postoperative monitoring 
and care. An overview of  admission indications categorized 
by ICU type is provided in Table 1. 

The overall incidence of  delirium in all ICUs was 32.5%. 
The mean age of  the patients was 57.5 years, and 49.5% were 
male (Table 2). Among the patients diagnosed with delirium, 
49.3% were hypoactive, 36.2% were hyperactive, and 14.5% 
were mixed-type. Delirium emerged on an average of  2.1±1.9 
days and patients who experienced delirium remained in this 
state for an average of  5.8±6.4 days.

A significant difference was found between the patient 
groups when comparing the reasons for ICU admission and 
incidence of  delirium (P < 0.001). Delirium occurred in 
43.5% (n = 10) of  patients admitted for respiratory failure, 
50% (n = 2) of  those with renal failure, 21.7% (n = 5) of  
trauma patients, 19.3% (n = 16) of  postoperative patients, 
64.3% (n = 9) of  those with multiorgan dysfunction, 46.9% 
(n = 15) of  patients with cerebrovascular incident, 75% (n 
= 3) of  patients with sepsis, 4.3% (n = 1) of  patients with 
intoxication, and 25% (n = 4) of  those with acute abdomen. 

Age (OR 1.04, CI 1.02-1.06, P < 0.001), illiteracy (OR 4, 
CI 1.19-13.35, P=0.024), hearing impairment (OR 3.37, CI 

Table 1. Indications for Admission to the Anaesthesiology, General Surgery, and Neurology ICUs

Indications for admission Anaesthesiology
n (%)

General Surgery
n (%)

Neurology
n (%)

Total
n (%)

Postoperative 32 (38.6) 51 (61.4) 0 (0) 83 (39.2)

Cerebrovascular incident 5 (15.6) 1 (3.1) 26 (81.3) 32 (15.1)

Respiratory failure 19 (82.6) 2 (8.7) 2 (8.7) 23 (10.8)

Posttrauma/accident 23 (100) 0 (0) 0 (0) 23 (10.8)

Acute abdomen 2 (12.5) 12 (75.0) 2 (12.5) 16 (7.5)

Multiorgan dysfunction 5 (35.7) 7 (50) 2 (14.3) 14 (6.6)

Intoxication 7 (100) 0 (0) 0 (0) 7 (3.3)

Kidney failure 3 (75.1) 1 (25) 0 (0) 4 (1.9)

Sepsis 3 (75) 1 (25) 0 (0) 4 (1.9)

Post CPR 2 (66.7) 1 (33.3) 0 (0) 3 (1.4)

Cardiac instability 1 (50) 1 (50) 0 (0) 2 (0.9)

Liver failure 0 (0) 1(100) 0 (0) 1 (0.5)

Total 102 (48.1) 78 (36.8) 32 (15.1) 212

ICU, intensive care unit; CPR, cardiopulmonary resuscitation.
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1. 71-7.01, P=0.001), visual impairment (OR 3.90, CI 2.13-
7.15, P < 0.001), and hypertension (OR 2.56, CI 1.42-4.62, 
P=0.002) were found to be risk factors. Increased SOFA (OR 
1.21, CI 1.08-1.36, P=0.001) and APACHE II (OR 1.20, CI 
1.12-1.28, P < 0.001) scores at admission were found to be 
risk factors for delirium (Table 1).

Patients with delirium had a longer mean length of  ICU 
stay (12.2±12.4 days) than those without delirium (6.4±5.5 

days) (P < 0.001). The length of  ICU stay was found to 
be a risk factor for delirium (OR 1.10, CI 1.05-1.15, P < 
0.001). No significant correlation was observed between the 
number of  days spent in the hospital before ICU admission 
and the development of  delirium in the ICU. 

The mortality rate was significantly higher in patients with 
delirium (24.6%) than in those without (4.9%) (P < 0.001) 
(Table 2).

Table 2. Non-modifiable Risk Factors and Demographic Characteristics of  Delirium

Properties Deliriuma No Deliriuma Total P
ICU n (%)

Anaesthesia ICU
General surgery ICU
Neurology ICU

36 (52.2)
21 (30.4)
12 (17.4)

66 (46.2)
57 (39.9)
20 (14.0)

102 (48.1)
78 (36.8)
32 (15.1)

0.41

Gender n (%)

Male
Female

34 (49.3)
35 (50.7)

71 (49.7)
72 (50.3)

105 (49.5)
107 (50.5)

0.951

Age (mean ± SD) 67.0±16.5 52.4±19.4 57.5±19.7 <0.0012

Body mass index (mean ± SD) 25.9±6.5 26.0±6.8 25.9±6.7 0.992

Education level (%)

Illiterate
Primary school graduate
Secondary school graduate
High school graduate
University graduate

9 (13.0)
31 (44.9)
13 (18.8)
8 (11.6)
8 (11.6)

9 (6.3)
57 (39.9)
15 (10.5)
30 (21.0)
32 (22.4)

18 (8.5)
88 (41.5)
28 (13.2)
38 (17.9)
40 (18.9)

0.031,*

Comorbidities, n (%)

Visual impairment
Hearing impairment 
Smoking
Ex-smoker
Alcohol
Hypertension
Epilepsy
Lung disease
Heart disease
Liver disease
Diabetes
Malignancy
Trauma history

41 (59.4)
23 (33.3)
20 (29.0)
23 (33.3)
6 (8.7)

42 (60.9)
3 (4.3)

14 (20.3)
18 (26.1)
3 (4.3)

18 (26.1)
27 (39.1)
7 (10.1)

39 (27.3)
18 (12.6)
31 (21.7)
31 (21.7)
10 (7.0)
54 (37.8)
2 (1.4)

16 (11.2)
19 (13.3)
5 (3.59)
32 (22.4)
53 (37.1)
22 (15.4)

80 (37.7)
41 (19.3)
51 (24.1)
54 (25.5)
16 (7.5)
96 (45.3)
5 (2.4)

30 (14.2)
37 (17.5)
8 (3.8)

50 (23.6)
80 (37.3)
29 (13.7)

<0.0011,*

<0.0011,*

0.24
0.06
0.6

0.0021,*

0.18
0.07

0.021,*

0.76
0.55
0.77
0.29

Transferring wards n (%)

Emergency room
Other
Postoperative
External center

37 (53.6)
23 (33.4)
7 (10.1)
2 (2.9)

65 (45.5)
39 (27.2)
34 (23.8)
5 (3.5)

102 (48.1)
62 (29.3)
41 (19.3)
7 (3.3)

0.211

SOFA score (mean ± SD) 4.3±2.5 2.9±2.7 3.4±2.8 <0.0012,*

APACHE II score (mean ± SD) 16.9±5.4 11.9±5.0 13.6±5.7 <0.0012,*

Pre-ICU hospital length of  stay (mean ± SD) 5.9±12.5 4.6±17.1 5.0±15.7 0.8

Mortality 17 (24.6) 7 (4.9) 24 (11.3) <0.0011,*

1Pearson chi-square test, 2Mann-Whitney U test, aColumn percentage, *P < 0.05
ICU, intensive care unit; SD, standard deviation; SOFA, sequential organ failure assessment; APACHE, acute physiology and chronic health evaluation.
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Table 3. Modifiable Risk Factors for Delirium Development

Deliriuma n (%) No Deliriuma n (%) Univariate OR (95% CI 
Lower Bound-Upper Bound) P1

Interventions
Nasogastric catheter 
Urinary catheter
Wound drain
Tracheal aspiration
Central catheter
Arterial catheter
Pneumatic device

32 (46.4)
65 (94.2)
14 (20.3)
30 (43.5)
23 (33.3)
13 (18.8)
5 (7.2)

41 (28.7)
128 (89.5)
52 (36.4)
25 (17.5)
33 (23.1)
17 (11.9)
14 (9.8)

2.15 (1.18-3.90)
0.25 (0.12-0.51)
2.89 (1.39-6.02)
3.63 (1.91-6.90)
1.66 (0.88-3.14)
0.68 (0.27-1.69)
2.39 (0.74- 7.65)

0.01*
0.26
0.01*

<0.001*
0.11
0.17
0.54

Nutrition 
Enteral nutrition
Oral enteral nutrition
Parenteral nutrition

14 (20.3)
11 (15.9)
12 (17.4)

13 (9.1)
59 (41.3)
23 (16.1)

2.54 (1.12-5.76)
0.27 (0.13-0.55)
0.91 (0.42-1.9)

0.02*
<0.001*

0.8
Ventilation
Mechanical ventilation 
Oxygen requirement 
Hypoxia 
CPAP 
Intubation

24 (34.8)
55 (79.7)
3 (4.3)
3 (4.3)

16 (23.2)

21 (14.7)
82 (57.3)
5 (3.5)
5 (3.5)

18 (12.6)

3.09 (1.57-6.10)
2.92 (1.49-5.73)
2.05 (1.03-4.08)
0.7 (0.18-3.43)
2.09 (0.99-4.42)

0.001*
0.001*
0.76
0.04*
0.05

Transfusion 
ES transfusion
FFP transfusion
Platelet transfusion

14 (20.3)
10 (14.5)
9 (13.0)
3 (4.3)

40 (28.0)
31 (21.7)
21 (14.7)
2 (1.4)

1.71 (0.36-8.00)
0.64 (0.17-2.36)
1.21 (0.32-4.61)
0.31 (0.05-1.91)

0.22
0.21
0.74
0.18

Drugs

Midazolam infusion
Midazolam bolus
Propofol infusion
Vasopressor
Insulin
Albumin 
Steroid

9 (13.0)
7 (10.1)
9 (13.0)
9 (13.0)
14 (20.3)
16 (23.2)
18 (52.6)

6 (4.2)
7 (4.9)
7 (4.9)
8 (5.6)

20 (14.1)
16 (11.2)
20 (47.4)

3.4 (1.16-10.05)
2.19 (0.7-6.52)
2.91 (1.03-8.19)
2.53 (0.93-6.87)
0.64 (0.3-1.3)

2.39 (1.11-5.14)
2.17 (1.06-4.40)

0.02*
0.15
0.04*
0.06
0.25
0.02*
0.03*

Urine output 
Normal
Anuric/Oligouric

39 (56.5)
30 (43.5)

103 (72.0)
40 (28.0)

0.50 (0.27-0.92)
1.56 (1.06-2.28)

0.02*

Defecation frequency 
<3 days
>3 days

20 (15.4)
49 (71.0)

22 (29.0)
121 (84.6)

0.44 (0.22-0.88)
1.65 (1.11-2.45)

0.02*

Hemodynamic instability
Hypotension
Hypertension

11 (15.9)
18 (26.1)

10 (7.0)
19 (13.3)

2.5 (1.01-6.26)
2.20 (1.11-4.74)

0.04*
0.02*

Blood glucose level 
Hypoglycemics
Hyperglycemic

4 (5.8)
15 (21.7)

4 (2.8)
21 (14.8)

0.59 (0.28-1.25)
1.4 (0.30-6.50) 0.22

Growth in culture
Blood culture (+)
Urine culture (+) 
ETA culture (+) 
Wound site culture (+)
Sepsis

39 (56.5)
18 (26.1)
15 (21.7)
15 (21.7)
12 (17.4)
13 (18.8)

44 (30.8)
20 (14.0)
14 (9.8)
7 (4.9)

20 (14.0)
7 (4.9)

2.92 (1.61-5.29)
2.17 (1.06-4.40)
2.56 (1.15-5.66)
5.39 (2.08-13.96)
1.29 (0.59-2.82)
4.51 (1.71-11.89)

<0.001*
0.03*
0.01*

<0.00*
0.516
0.001*

History of  previous surgery 26 (37.7) 84 (58.7) 0.42 (0.23-0.76) 0.004*
History of  previous anaesthesia 23 (33.3) 78 (54.5) 0.41 (0.22-0.75) 0.004*
1Pearson chi-square test, acolumn percentage, *P < 0.05
CPAP, continuous positive airway pressure; ES, erythrocyte suspension; FFP, fresh frozen plasma; ETA, endotracheal aspirate; OR, odds ratio; CI, confidence 
interval.
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During ICU stay, the presence of  a nasogastric catheter 
and/or drain (OR 2.15, CI 1.18-3.90, P=0.012), tracheal 
aspiration (OR 3.63, CI 1.91-6.90, P < 0.001), and the 
frequency of  aspiration (OR 1.35, CI 1.22-1.50, P < 
0.001) were identified as risk factors for delirium. Patients 
with delirium were aspirated an average of  3.9±0.5 times 
a day, whereas those without delirium had an average of  
0.6±0.1 aspirations per day. No significant association was 
found between the presence of  a urinary catheter and the 
emergence of  delirium (P=0.26) (Table 3).

In the comparison of  feeding methods, enteral feeding 
was identified as a risk factor for delirium (OR 2.54, CI 
1.12-5.76, P=0.025), whereas oral feeding was found to 
significantly decrease the incidence of  delirium (OR 0.27, 
CI 0.13-0.55, P<0.001). However, no significant association 
was observed between parenteral nutrition and delirium 
emergence (P=0.81).

A defecation time of  >3 days (OR 1.65, CI 1.11-2.45, 
P=0.02) and anuria/oliguria (OR 1.56, CI 1.06-2.28, 
P=0.02) were identified as risk factors for delirium.

Midazolam administration (OR 3.4, CI 1.16-10.05, P=0.02) 
and propofol infusion (OR 2.91, CI 1.03-8.19, P=0.04) were 
associated with an increased risk of  delirium.

Albumin and steroid use was observed in 23.2% and 26.4% 
of  patients with delirium, respectively. Albumin (OR 2.39, 
CI 1.11-5.14, P=0.02) and steroids (OR 2.17, CI 1.06-4.40, 
P=0.03) were found to be risk factors for delirium.

Hemodynamic instability was also identified as a risk factor 
for delirium, hypotension (OR 2.5, CI 1.01-6.26, P=0.04), 
and hypertension (OR 2.20, CI 1.11-4.74, P=0.021), 
increasing the risk of  delirium.

On the other hand, mobilization was found to decrease the 
risk of  delirium (OR 0.38, CI 0.20-0.73, P=0.003).

Irregular night sleep and sleep quality deterioration increase 
the risk of  delirium. Among the patients with delirium, 
56.5% described their night sleep as poor, 17.4% as 
moderate, and 26.1% as good (P < 0.001).

No statistically significant correlations were found between 
the frequency of  family visits, dialysis, continuous renal 
replacement therapy, pain score, average number of  daily 
medications taken, electrolyte levels, and delirium.

The mean VAS score was 1.97±0.29 in patients who 
developed delirium, compared to 2.26±0.18 in those who 
did not. No significant relationship was observed between 
pain scores and the development of  delirium (P=0.16).

However, a significant relationship was observed between 
blood carbon dioxide level and delirium. Hypoxia (OR 2.05, 

CI 1.03-4.08, P=0.03) and hypercarbia (OR 2.0, CI 1.05-
4.28, P=0.03) were identified as risk factors for delirium. No 
significant association was observed between hyperoxia and 
delirium in the present study.

Of  the 69 patients with delirium, 43.5% received treatment 
for delirium. Pharmacological treatment was administered 
to 58.3% of  patients in the anaesthesia, 41.7% in 
neurology, and 19.0% in general surgery ICUs. There was 
a statistically significant difference in the administration 
of  pharmacological treatment for delirium between the 
different ICUs (P=0.015).

In 13 patients with delirium (39.4%), dexmedetomidine 
was used, while haloperidol was administered in 12 patients 
(36.4%), antipsychotics in 2 patients (6.1%), a combination 
of  dexmedetomidine and haloperidol in 4 patients (12.1%), 
and a combination of  haloperidol and antipsychotics in 2 
patients (6.1%). No significant differences were observed 
between these pharmacological treatments in terms of  the 
success of  delirium management or mortality (P=0.8 and 
P=0.7, respectively). The treatments were continued for an 
average of  3.7±3.3 days during delirium management.

Discussion
In the present study, the incidence of  delirium was 32.5% 
among the 212 patients. The incidence of  delirium, a 
multifactorial syndrome, varies due to various contributing 
factors. These variations can be attributed to differences 
in demographic profiles, varying levels of  illness severity, 
distinct ICU features, and the utilization of  diverse delirium 
screening tests in intensive care patients. 

The type of  ICU setting significantly affects the incidence, risk 
factors, and prognosis of  delirium. The study was conducted 
across three different ICUs, each serving different patient 
populations. However, this variability may have positively 
influenced the results and increased the generalizability 
of  the study. The prevalence of  delirium may be higher in 
branch ICUs. For example, in one study, the incidence of  
delirium in non-intubated intensive care unit patients was 
only 20%, whereas in another study, this rate was found 
to be 83% in patients on mechanical ventilation.18,19 In a 
comprehensive meta-analysis of  42 studies that focused on 
delirium in ICU patients, the overall incidence was 31.8%.2 
Remarkably, the incidence in our study is consistent with 
that reported in the literature. 

According to the results of  our study, advanced age, visual 
and hearing impairments, hypertension and heart disease, 
illiteracy, and high APACHE II and SOFA scores during 
hospitalization were found to be the “non-modifiable 
risk factors” for delirium. Nasogastric catheter, wound 
drain, enteral nutrition, mechanical ventilation, oxygen 
requirement, midazolam and propofol infusion, albumin, 
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and steroid use, decreased urine output and defecation 
frequency, hemodynamic instability, and infection were 
“modifiable risk factors” for the development of  delirium 
(Table 3).

Despite being frequently overlooked in ICU patients, delirium 
has a significant impact on outcomes, increased length of  
ICU stay, and increased mortality rates.2,3,10 In our study, 
we found that patients who did not experience delirium had 
an average ICU stay of  6.4 days. On the other hand, those 
who developed delirium were hospitalized for a much longer 
period of  12.2 days, and mortality was observed to be higher 
in these patients. Various studies have also shown that delirium 
can lead to mortality rates ranging from 25% to 33%, even 
in ward patients, and can increase mortality in the intensive 
care unit by 1.5 times.10,20 The association between delirium 
and mortality may be attributed to direct mechanisms such as 
neuroinflammation, neurotransmitter imbalance, and cerebral 
metabolic disturbances, all of  which can lead to long-term 
neuronal damage. Indirectly, delirium contributes to increased 
mortality through complications like aspiration pneumonia, 
pressure ulcers, and the use of  physical restraints. Prolonged 
hospital and intensive care unit stays due to delirium further 
elevate the risk of  hospital-acquired complications.21

The elevated mortality observed in patients with 
delirium can also be explained by higher APACHE 
II and SOFA scores, which are predictive models for 
multiple physiological parameters and organ systems. As 
a multifactorial syndrome, delirium is inherently linked to 
higher scores on these assessments, reflecting an increased 
risk of  adverse outcomes. Multicentre studies and meta-
analyses have demonstrated a correlation between elevated 
APACHE II scores and increased delirium risk.22,23 In our 
study, we observed a higher frequency of  delirium with 
increasing APACHE II scores. The mean APACHE II score 
was 5 points higher in patients with delirium than in those 
without delirium. In a study conducted by Salluh et al. 24, 
the median SOFA score was 4 in patients with delirium 
and 3 in the non-delirium group. Similarly, in our study, 
the mean SOFA score of  the patients with and without 
delirium was 4.3 and 2.9, respectively. In our study, the 
expected mortality rate for patients with delirium based on 
APACHE II scores was approximately 25%, whereas the 
expected mortality rate based on SOFA scores was 10%, 
which is consistent with the findings in the literature. The 
elevated mortality rate in the delirium group is consistent 
with these expectations.25,26 These results emphasize the 
critical importance of  heightened vigilance for delirium in 
patients with higher APACHE II and SOFA scores, which 
are significant predictors of  poor clinical outcomes in this 
population.

Advanced age, particularly when accompanied by visual 
and hearing impairments, is recognized as a significant risk 

factor for delirium.27,28 Individuals with vision or hearing 
loss are up to three times more likely to develop delirium. 
However, the use of  assistive devices for these impairments in 
hospitalized elderly patients can prevent delirium and reduce 
its duration.2,28 In this study, we also found that advanced 
age and the presence of  visual or hearing impairments were 
risk factors for delirium. We also determined that there 
was a remarkable relationship between the development of  
delirium and education level and that the lowest incidence 
was among university graduates. These findings suggest 
that susceptibility to delirium increases as cognitive function 
declines.

Bellelli et al. 29 showed the effect of  interventional procedures 
such as nasogastric tubes, central venous catheters, and 
urinary catheters on delirium. Additionally, in a multicenter 
delirium epidemiology in critical care-DECCA study 
including 975 patients, a relationship was found between 
central venous catheters, arterial catheters, urinary 
catheters, and delirium.26 In agreement with the literature, 
we found similar results regarding the relationship between 
nasogastric and wound drain catheter use and delirium. 
Moreover, a noteworthy finding of  our study was the 
association between the number of  aspirations performed 
during the day and the risk of  delirium. However, we did not 
observe a significant association between the use of  urinary 
catheters and delirium. This discrepancy could be attributed 
to the high frequency of  urinary catheter use in our patients.

Urinary retention and constipation are recognized risk factors 
for delirium. Smonig et al.30 demonstrated an increased 
incidence of  delirium in patients in whom defecation was 
absent for more than 5 days. In line with these findings, our 
study revealed a similar trend, indicating a higher incidence 
of  delirium in patients who did not defecate for more than 3 
days and had decreased urine output.

Infection and sepsis are significant risk factors for delirium. 
The pathophysiological mechanisms involved in these 
conditions include neuroinflammation and microglial 
activation resulting from infection as well as impaired cerebral 
perfusion and neurotransmitter imbalance. These factors 
are believed to contribute to delirium.31 In the present study, 
we found a higher prevalence of  microbiological growth 
in the blood, urine, and endotracheal aspirate cultures of  
patients with delirium, supporting these hypotheses. 

Malnutrition is a risk factor for delirium, particularly in the 
elderly population of  ICU patients, and enteral nutrition  is 
effective in reducing delirium by preventing malnutrition.32 
Few studies have compared oral and enteral nutrition in 
the existing literature. In the present study, we discovered a 
protective effect of  oral nutrition against the development of  
delirium. Specifically, compared with oral enteral nutrition, 
enteral nutrition with a feeding tube increased the risk of  
delirium by 2.5-fold.
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In our study, we noticed a 2.9-fold increase in the likelihood 
of  delirium by 2.9 times among patients who received an 
infusion for sedation. Zaal et al.33 found that intravenous 
infusion increased the risk of  delirium by 4% on the 
subsequent day in ICU patients. However, this effect was not 
observed with the bolus. Consistent with these findings, our 
study revealed that administering sedatives as a bolus had no 
impact on delirium emergence, whereas infusion increased 
the risk of  delirium by 3.4 times. 

Corticosteroids can disrupt behavioral and cognitive 
functions by affecting serotonergic neurotransmitters within 
the intracellular space. Our study also found that steroid use 
increased the risk of  developing delirium.

We observed a significant 2.3-fold increase in delirium 
among patients who received albumin replacement. 
However, it is uncertain whether this risk is caused 
directly by albumin administration or hypoalbuminemia. 
Hypoalbuminemia can potentially contribute to delirium 
through two mechanisms. Low albumin levels may have 
adverse effects on hemodynamics by reducing intravascular 
oncotic pressure. Low oncotic pressure may compromise 
hemodynamic stability and predispose patients to 
delirium. Second, hypoalbuminemia may influence the 
pharmacokinetics of  drugs that affect cognitive function. 
The drugs used in clinical practice rely on albumin for 
transport and distribution. Hypoalbuminemia alters the 
availability and concentration of  these drugs, potentially 
influencing their effectiveness and adverse effects. Such 
disruptions in drug metabolism and distribution may have 
implications for cognitive function and, consequently, 
contribute to the emergence of  delirium.

In this study, we did not find any significant association 
between blood glucose levels, electrolyte disorders, and 
the emergence of  delirium. Although several studies have 
suggested a connection between metabolic and serum 
electrolyte disorders and delirium, no consensus has been 
reached on this matter.10,12

Hypoxic ischemic encephalopathy can cause severe neuronal 
and cortical damage, particularly if  left untreated, and may 
present as hypoactive and mixed delirium during the early 
stages of  cerebral hypoxia and hypercarbia. Therefore, it is 
important to identify hypoxia-induced delirium in patients. 
In our study, there was no association between delirium 
and hyperoxia, whereas hypoxia and hypercarbia were 
associated with an increased risk of  delirium.

To prevent the onset of  delirium, it is crucial to address 
the factors that limit patient movement and prioritize 
mobilization through regular physical therapy with at least 
three sessions per day.10 Although the incidence of  delirium 
increased among patients with movement restraints in our 
study, the results were not statistically significant. However, 

mobilization had a protective effect against the development 
of  delirium. 

In the pain agitation/sedation, delirium, immobility, and 
sleep disruption guidelines, the use of  bright light should 
be minimized because of  its potential impact on delirium.16 
Our findings support this recommendation, as we 
demonstrated that decreased sleep quality is associated with 
a 4.6-fold increased risk of  delirium. The lighting systems in 
these units may play a role in affecting sleep quality, thereby 
contributing to the development of  delirium.

High pain scores are a risk factor for the development of  
delirium, and the use of  analgesics is recommended.16 
However, in our study, no relationship was found between 
the average pain score and the development of  delirium. 
This is attributed to analgesic practices that did not allow 
VAS scores to exceed three points.

In a previous study, patients with delirium were reported to 
have a hospitalization duration of  approximately 11 days 
before ICU admission.34 However, in our study, the duration 
of  hospitalization before ICU admission for patients with 
delirium was shorter (5.9 days. Despite this discrepancy, our 
study demonstrated that the frequency of  delirium increased 
with the duration of  hospitalization before ICU admission.

Ely et al.18 reported a higher incidence of  delirium in 
patients receiving mechanical ventilation. Similarly, 53.3% 
of  patients on mechanical ventilators developed delirium. 
In addition, intubation and oxygen requirement were 
significant risk factors. However, continuous positive airway 
pressure, tracheostomy, and reintubation were not found to 
be associated with delirium. It is possible that the lack of  a 
significant association between these latter factors could be 
attributed to the relatively small number of  patients in these 
subgroups.

Delirium has multiple causes, including a history of  
hypertension, vasopressor use, and hemodynamic instability, 
which increase the risk. In this study, we also found 
that hemodynamic instability, hypertension history, and 
vasopressor use were associated with delirium in intensive 
care patients.

It is stated that delirium in the ICU usually begins on the 
second day of  hospitalization and lasts for an average of  
3 days.34 Similarly, delirium developed on the second day 
after admission, and the average duration of  delirium was 
5.8 days in our study. 

In the pharmacologic management of  delirium, various 
agents, including antipsychotics-particularly haloperidol-
alpha-2 agonists, such as dexmedetomidine, antidepressants, 
and acetylcholinesterase inhibitors, have been explored 
in the literature.16 In our study, dexmetatomidine and 
haloperidol were the most frequently used treatments, yet 
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no significant difference was observed in terms of  patient 
outcomes like discharge rates or mortality. Combinations 
of  these drugs were used in a small subset of  patients, 
although the lack of  statistical significance in outcomes 
suggests that a larger sample size is needed to explore 
potential additive or synergistic effects. Current guidelines 
favor dexmedetomidine for its sedative properties without 
respiratory depression, making it a preferable option in 
certain ICU settings.13,14 However, the observed variability 
in treatment success underscores the need for individualized 
approaches based on patient condition.

Study Limitations
A primary limitation of  this study was the twice-daily 
delirium assessment schedule, which, while providing 
consistent monitoring, may have led to an underestimation 
of  the true incidence of  transient delirium, especially in 
patients with fluctuating cognitive states. More frequent 
assessments, such as every four to six hours, may provide a 
more accurate representation of  the prevalence of  delirium 
in critical care settings. If  patients had been evaluated more 
frequently throughout the study, the recorded incidence of  
delirium might have been higher. Additionally, in this study, 
the cognitive status of  patients after discharge from the ICU 
was not assessed. Our assessment did not include factors 
such as the extent of  care delivered by healthcare providers 
and patient relatives and the potential increase in hospital 
costs.

Conclusion 
Nearly half  of  the delirium cases in this study were hypoactive 
and often under-recognized. Timely identification of  
patients is essential for improving outcomes. The study 
also identified several risk factors, including advanced age, 
sensory impairments, educational status, hypertension, heart 
disease, hemodynamic instability, catheter use, infection, 
sedative infusions, constipation, albumin and steroid 
use, enteral nutrition, mechanical ventilation, prolonged 
intensive care unit stays, and elevated SOFA and APACHE 
II scores. Addressing these factors early can help reduce the 
incidence of  delirium in the ICU.
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Main Points

• The advantage of  the pericapsular nerve group (PENG) block is that it can be applied in the supine position for a patient with pain that 
worsens with movement, and three nerve blocks can be performed with a single needle insertion.

• PENG block performed on hip fracture patients in the preoperative care unit can provide effective analgesia in patients during preopera-
tive transfer and spinal anaesthesia positioning.

• We found that it provided lower numeric rating scale values in the postoperative period and reduced opioid use and associated side effects. 

• When the number of  spinal anaesthesia attempts was compared among the groups, the success rate of  the first attempt was statistically 
significantly higher in Group P with 64%.

Introduction

The aim of  surgical treatment in hip fracture patients is to provide long-term mobility and the best possible function 
while aiming for low disability and mortality rates.1 However, the recommended type of  anaesthesia is still open 
to debate.2 Among the regional anaesthesia techniques, unilateral hipobaric spinal anaesthesia in lateral decubitus 

Corresponding author: Eyyüp Sabri Özden, e-mail: dreyupsabri@gmail.com Received: June 27, 2024 Accepted: October 17, 2024

Abstract

Objective: We intended to research the efficacy of  pericapsular nerve group (PENG) block performed with preoperative ultrasonography 
(USG) in patients who underwent hip fracture repair under spinal anaesthesia and whether it affects the success of  spinal anaesthesia.
Methods: The files of  100 patients were analysed, and 60 patients were enrolled in the study. The patients were assigned into two groups: 
Group P (n = 30) consisted of  patients who underwent USG-guided PENG block before the start of  surgery and the control group (Group 
C; n = 30) consisted of  patients in whom tramadol infusion was initiated. All patients received 10 mg IV bolus tramadol as rescue analgesia 
when numeric rating scale (NRS)>3. From the files of  the patients, before PENG block application, after PENG block application, during 
positioning before spinal anaesthesia, the NRS values at the time of  the patient’s discharge from the operating room and at 2nd, 4th, 12th and 
24th hour NRS values, spinal anaesthesia duration and number of  attempts, and perioperative total tramadol consumption were obtained. 
Results: In group P, NRS values were found to be significantly lower after PENG block application, during positioning before spinal 
anaesthesia, and at the postoperative discharge, 2nd, 4th, 12th and 24th hours. In addition, group P had a lower duration of  spinal anaesthesia, 
a lower number of  spinal anaesthesia attempts and a lower total perioperative tramadol consumption. 
Conclusion: The results demonstrated that preoperative PENG block facilitated positioning for spinal anaesthesia, shortened the application 
time, increased the first-attempt success rate, decreased pain scores, and reduced the need for postoperative opioids.
Keywords: Hip fracture, opioid use, pericapsular nerve group block, spinal anaesthesia
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position is a popular choice because it can be applied in the 
surgical position and causes fewer hemodynamic changes.3

It is essential to note that uncontrolled pain, which has 
the potential to have both physiological and psychological 
negative effects, can make it challenging to provide a 
suitable position for spinal anaesthesia and may affect the 
procedure’s success.4,5 Effective pain control with regional 
analgesia can lead to faster recovery, shorter hospital stays, 
and cost-related benefits. Additionally, regional blocks 
applied under ultrasonography (USG) guidance have fewer 
side effects.6,7

The pericapsular nerve group (PENG) block was first 
developed for postoperative analgesia in total hip arthroplasty 
in 2018.8 One of  the key benefits of  the USG-guided PENG 
block is that it can be applied in the supine position for a 
patient with pain that increases with movement. This makes 
it a particularly suitable option for those who experience 
discomfort when moving around. Additionally, it is possible 
to perform a block for the articular branches of  the femoral, 
obturator and accessory obturator nerves with a single 
needle entry, which is a useful advantage.9

The aim of  our study was to assess the efficacy of  PENG 
block in patients undergoing hip fracture surgery with spinal 
anaesthesia. Our primary objective was to demonstrate that 
the PENG block improves the success of  spinal anaesthesia 
in the first attempt by reducing pain during spinal anaesthetic 
positioning and shortening the administration time. Our 
secondary objective was to demonstrate that PENG block 
reduces postoperative pain, opioid use, and side effects.

Methods
This retrospective study was performed after approval 
from the Clinical Research Ethics Committee of  Süleyman 
Demirel University Faculty of  Medicine (decision no.: 
281570, dated: 10.06.2022). Between December 2021 and 
June 2022, 100 patients aged 18 and above in the American 
Society of  Anesthesiologists’ (ASA) I-II-III risk group 
underwent hip fracture surgery using spinal anaesthesia at 
Süleyman Demirel University Faculty of  Medicine Hospital. 
A statistical power analysis was conducted using data from 
similar studies as a reference. With an effect size of  d=1.02 
and an alpha error of  20%, the number of  patients estimated 
to deliver the population with 80% power was calculated as 
52. When patients who did not meet the study criteria were 
removed, a total of  60 patients, 30 with PENG block and 30 
without block, were enrolled in the study. The data available 
from the files of  all patients were included in the analysis. 
Patients with a history of  chronic pain, previous hip joint 
surgery, failed PENG block application, and missing data in 
medical records were not included in the study (Figure 1).

Upon arrival at the preoperative care unit (PCU), patients 
were briefed about the procedure and written informed 
consent was obtained after an explanation. Standard ASA 
monitoring was then conducted following the acquisition of  
consent. Patients who demonstrated full cooperation were 
instructed about the numeric rating scale (NRS), and pain 
scores were registered on the pain follow-up form. In the 
absence of  contraindications, all patients were administered 
a single dose of  paracetamol (1 g). Following the assessment 

Figure 1. Patient flow chart of  100 patients undergoing hip surgery.

PENG, pericapsular nerve group.
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of  the pain score in the PCU, a preemptive PENG block 
was performed or, alternatively, 10 mg tramadol was given 
intravenously as a single dose, followed by an infusion of  
10 mg/hour, depending on the clinical condition of  the 
patient. In group PENG (P), the linear USG probe for 
block was positioned in a direction parallel to the imaginary 
line crossing from the anterior inferior iliac spine and the 
iliopubic eminence. Using in-plane technique, an 80 mm 
peripheral block needle was inserted and 20 mL of  0.25% 
bupivacaine was injected to complete the block. In the 
control group (C), 10 mg intravenous bolus tramadol was 
given to patients who did not prefer block followed by 10 mg 
hr infusion in the PCU.

The NRS scores of  all patients were registered and if  the 
NRS score was >3, a 10 mg IV bolus of  tramadol was given 
with a waiting period of  30 minutes before starting the 
surgical intervention. Following a 30-minute after the block, 
the patient was transferred to the operating room table.

In the absence of  specific circumstances, patients underwent 
unilateral hypobaric spinal anaesthesia with a 25 G - 90 mm 
cutting-edge disposable spinal needle and received 1.5 mL 
of  0.5% bupivacaine (7.5 mg), 1.5 mL of  distilled water, and 
0.25 mL of  fentanyl (12.5 µg). The number of  attempts, 
success of  dural puncture, and time of  skin incision were 
noted on the anaesthesia follow-up form. Furthermore, the 
level of  spinal anaesthesia was established by pinprick test at 
the 5th minute.

Demographic data of  the patients, surgical procedure and 
duration, the patient’s postoperative discharge site, heart 
rate, mean arterial pressure (MAP), and peripheral saturation 
(SpO2), values obtained before PENG block application, 
after PENG block application, during lateral decubitus 
positioning before spinal anaesthesia, after spinal anaesthesia 

and at postoperative discharge were recorded and evaluated. 
Similarly, NRS values before PENG block application, after 
PENG block application, during positioning before spinal 
anaesthesia, at the time of  the patient was discharged from 
the operating room and at 2nd, 4th, 12th and 24th hours 
postoperatively, the duration of  spinal anaesthesia (the time 
between the onset of  spinal anaesthesia and skin incision), 
and the number of  spinal anaesthesia attempts were noted 
and assessed. In addition, total perioperative tramadol 
consumption and postoperative complications (e.g., nausea 
and vomiting, hypotension, quadriceps muscle weakness, 
infection, haematoma, local anaesthetic toxicity), were 
noted and reviewed, from hospital information system data, 
anaesthesia tracking forms, operative notes, perioperative 
pain monitoring forms, and discharge notes.

Statistical Analysis
This article presents the results of  a statistical analysis of  
the data by using the Statistical Package for Social Science 
version 24. Qualitative data are presented as numerical 
values and percentages, while quantitative data are presented 
as means and standard deviations. The Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to determined the 
normality of  the continuous variables. The Student’s t-test 
was used to evaluate the statistical significance of  differences 
between two independent groups of  normally distributed 
variables. The Mann-Whitney U test was employed to 
analyse the data obtained from two independent variable 
groups that did not have normal distribution. Finally, the 
chi-square test was applied to analyse categorical data.

Results
The demographic and perioperative clinical characteristics 
and surgical durations of  the cases were compared, in Table 
1 (P > 0.05).

Table 1. Demographic Data of  Patients, Preoperative Clinical Characteristics and Distribution of  Surgery 
Durations According to Groups

Variables Group P (n = 30) Group C (n = 30) Total (n = 60) P

Age* 74.60±19.71 76.97±11.70 75.78±16.11 0.574

BMI* (kg m2-1) 24.11±4.22 22.93±4.86 23.52±4.21 0.283

Gender† 

Male 15 (50.0%) 12 (40.0%) 27 (45.0%)
0.436

Female 15 (50.0%) 18 (60.0%) 33 (55.0%)

ASA†   

1 6 (20.0%) 4 (13.3%) 10 (16.7%)

0.6612 10 (33.3%) 13 (43.3%) 23 (38.3%)

3 14 (46.7%) 13 (43.3%) 27 (45.0%)

Surgical duration (min) 109.83±27.99 119.83±28.51 114.83±28.35 0.176

Data are shown as mean ± SD, number (%), *t-test on independent variables, †chi-square test, P < 0.05: Statistically significant 
BMI, body mass index; ASA, American Society of  Anesthesiologists Physical Condition Classification; min, minutes; SD, standard deviation.
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The number of  patients requiring postoperative intensive 
care was five (8.3%), while the number of  patients followed 
up in the ward was 55 (91.7%) (P > 0.05). Perioperative heart 
rate, MAP, and SpO2 values were not significantly different 
between the groups (P > 0.05) (Figures 2, 3).

The NRS values   before PENG block application were 
similar (P > 0.05). However, the NRS values after PENG 
block application, during positioning before spinal 
anaesthesia, and at the postoperative discharge, 2nd, 4th, 12th 
and 24th hours were found significantly lower in Group P 
than in Group C (Figure 4).

A statistically significant reduction in the duration of  spinal 
anaesthesia and the number of  attempts was observed in 
Group P (P < 0.001 and P=0.022, respectively) (Table 2).

A comparison of  the number of  spinal anaesthesia attempts 
between the groups revealed a statistically significant 
higher success rate on the first attempt in Group P, at 64% 
(P=0.023) (Table 3).

Nausea-vomiting and hypotension were observed only 
in Group C in a total of  6 patients and were statistically 
significant (P < 0.05). No instances of  haematoma, bleeding, 
unintentional nerve injury, quadriceps muscle weakness, 
wound infection, local anaesthetic toxicity, or headache 
were observed in both groups.

A comparison of  the tramadol consumption between the 
groups revealed that Group P exhibited a lower consumption 
rate (P < 0.001) (Table 4).

Figure 2. Heart rate values. Data are shown as mean. The Student’s t-test was used in the analysis of  the independent 
variables

PENG, pericapsular nerve group

Figure 3. MAP values. Data are shown as mean. The Student’s t-test was used in the analysis of  the independent variables

MAP, mean arterial pressure; PENG, pericapsular nerve group
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Discussion
It has been shown that PENG block, which can be easily 
applied under USG-guidance before surgery in the supine 
position without requiring any change in the patient’s 
position, facilitates the application, shortens the duration and 
increases the success rate in the first attempt by providing a 
painless positioning to the patient during spinal anaesthesia 
application in hip fracture patients. Furthermore, this study 
showed that PENG block reduced postoperative pain, the 
need for opioids and the frequency of  side effects.

Currently, there are no observational and comparative 
study investigating the duration and the number of  spinal 
anaesthesia attempts with effective pain control using PENG 
block. In the literature, studies on PENG block are mostly in 
the form of  case reports and case series.9 Our study is the first 
retrospective study to show that PENG block improves the 
success of  spinal anaesthesia at the first attempt by reducing 
pain and shortening the duration of  spinal anaesthesia.

A study conducted on more than 10 patients revealed that 
the average pain score, which was 7.5 before PENG block, 
decreased to an average of  1.2 when the patients were given 
spinal anaesthesia.10 The results of  our study indicate that 
the average pain score, decreased from 7 before the PENG 
block to 2.8 after PENG block. Additionally, at the time of  
the lateral decubitus positioning before spinal anaesthesia, 
the average pain score was as low as 2.1. Consistent with the 
existing literature, NRS values   were significantly decreased 
after PENG block in Group P.

A randomised controlled study was conducted on 100 
patients who underwent open prostatectomy. The effect of  
the spinal anaesthesia position on success was investigated. 
There was no significant difference in success between the 

Figure 4. NRS values. Data are shown as mean. Mann-Whitney U test was used in the analysis of  the variables

NRS, numerical rating scale, *P < 0.001, **P=0.012, ***P=0.001

Table 2. Distribution of  Spinal Anaesthesia Duration 
and Number of  Attempts Between Groups

Spinal anaesthesia Group P Group C P

Duration (min) 13.63±2.49 18.13±3.08 <0.001

Attempts 1.63±0.96 2.27±1.11 0.022

Data are shown as mean ± SD, t-test was used in the analysis of  the variables, 
P < 0.05: Statistically significant
SD, standard deviation; min, minutes.

Table 3. Distribution of  the Number of  Spinal 
Anaesthesia Attempts Between Groups

Attempts Group P 
(n = 30)

Group C 
(n = 30)

Total 
(n = 60) P

1† 19 (64%) 8 (27%) 27 (45%)

0.023*

2‡ 5 (17%) 12 (40%) 17 (28%)

3 4 (13%) 5 (17%) 9 (15%)

4 2 (6%) 4 (13%) 6 (10%)

5 0 (0%) 1 (3%) 1 (2%)

Data are shown as number (%), chi-square test was used in the analysis of  the 
variables, *significant at 0.05 level according to exact chi-square test, †post-hoc 
test is significant for attempts 1, ‡post-hoc test is significant for attempts 2, P < 
0.05: Statistically significant.

Table 4. Perioperative Tramadol Consumption 
Amount by Groups

Tramadol 
consumption (mg)

Group P 
(n = 30)

Group C  
(n = 30) P

Total 14.00±30.240 272.67±32.582 <0.001

Data are shown as mean ± SD, Mann-Whitney U test was used in the analysis 
of  the variables, P < 0.05: Statistically significant
SD, standard deviation.
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two groups, with both demonstrating comparable outcomes. 
However, the number of  attempts required was higher in the 
group that extended their legs to the table.11 We investigated 
the effect of  providing pain control and increasing hip and 
knee flexion by giving the lateral decubitus position on the 
trial number and duration of  spinal anaesthesia. Upon 
comparison of  the data from both groups, the average NRS 
value was found to be 4.1 in Group C, with the average 
number of  attempts was 2.2 and the average duration of  
spinal anaesthesia application was 18.1 minutes. In Group 
P, the average NRS value was 2.1, the average number 
of  attempts was 1.6, and the average duration of  spinal 
anaesthesia application was 13.1 minutes when the lateral 
decubitus position before spinal anaesthesia was employed. 
The hypothesis of  effective pain control was achieved with 
a decrease in NRS values, during positioning and spinal 
anaesthesia application. Spinal anaesthesia success was 
increased at the first attempt, and application time got 
shorter in Group P.

In a prospective observational study involving 1647 patients, 
the initial puncture success rate was found to be 52.9%. The 
study included patients with an average age of  38 years and 
a majority of  ASA I (1323) and a minority of  ASA III (17). 
It was observed that male gender, difficulty in palpating 
spinous processes, presence of  bone deformities, and lower 
experience level of  the provider increased the number of  
attempts for a successful dural puncture.12 The initial puncture 
success rate of  45% observed in this study was lower than 
the 52.9% reported in previous studies. This discrepancy is 
believed to be due to the patient population, which presented 
greater challenges in administering spinal anaesthesia 
due to the structural changes of  the spine associated with 
advanced age. The average age of  the patients in this study 
was 74.7 years, and the ASA III patient ratio was 45%. 
Upon examination of  the successful spinal anesthesia rate 
in the first attempt (Group P: 64%, Group C: 27%), it can 
be concluded that there is a significant difference between 
the two groups, confirming the hypothesis that PENG block 
increases the successful spinal anesthesia rate by facilitating 
the application of  spinal anesthesia. Nevertheless, we also 
believe that further randomised controlled studies should be 
conducted in this regard.

Although femoral nerve block and fascia iliaca compartment 
block (FICB) have been demonstrated to have positive 
effects on perioperative analgesia, it is necessary to target 
the obturator nerve and accessory obturator nerve in 
order to achieve more effective pain control.13 It has been 
demonstrated that the blockade of  the accessory obturator 
nerve and femoral nerve from the anterior capsule nerves 
plays a greater role than previously reported in providing 
pain control in hip fractures.14,15 Girón-Arango et al.8 
described a new regional anaesthetic technique, the PENG 
block, which was shown to result in a significant reduction 

in patients’ pain scores without quadriceps muscle weakness 
in five hip fracture patients. A randomised controlled study 
comparing FICB and PENG block in terms of  motor 
function demonstrated that the PENG block was more 
effective in preserving motor function.16 Once more, the 
PENG block was demonstrated to be more efficacious than 
FICB in terms of  postoperative analgesia.17

In our study, as in previous studies, pain control was achieved 
without quadriceps muscle weakness after PENG block.

It has been demonstrated that neuroaxial anaesthesia can 
reduce perioperative complication risks following total hip 
arthroplasty, regardless of  age group and the presence of  
cardiopulmonary disease. Furthermore, the incidence of  
admission to the intensive care unit was lower in patients who 
received neuroaxial or neuroaxial plus general anaesthesia 
compared to those who received general anaesthesia in 
all groups.18 The rate of  intensive care unit admission for 
patients undergoing hip fracture surgery in the literature is 
reported to be 32.5%.19 In our study, we found an intensive 
care unit admission rate of  8.3%, which we believe is due 
to the use of  unilateral spinal anaesthesia to minimise 
haemodynamic changes.

The primary factor associated with increased mortality in 
general anaesthesia and spinal anaesthesia is intraoperative 
hypotension.20 A study of  90 patients found that the 
incidence of  hypotension was lower in unilateral spinal 
anaesthesia (15%) than in bilateral spinal anaesthesia 
(56%).21 The administration of  spinal anaesthesia in the 
lateral decubitus position with the fractured extremity 
positioned above the patient’s body due to the severe pain 
caused by movement in hip fracture patients has been 
found to prevent the exacerbation of  pain on the fractured 
extremity and to enable the surgery to be performed without 
the patient needing to change position.

In an article comparing the haemodynamic effects of  
hypobaric spinal anesthesia in elderly patients over the age 
80 of  who underwent surgery for femoral neck fractures, 
it was shown that the use of  moderate doses (6-7.5 mg) of  
bupivacaine provided advantages in terms of  the onset and 
termination of  motor block after surgery.22 Bupivacaine is 
the most extensively studied local anaesthetic for unilateral 
spinal anaesthesia, with minimal side effects.3 Consequently, 
the study opted for unilateral spinal anaesthesia with a 
moderate dose (7.5 mg) of  bupivacaine. Neither group 
exhibited any significant alterations in haemodynamic 
parameters throughout the perioperative period. The 
combination of  bupivacaine with 12.5 μg of  fentanyl was 
selected in order to take advantage of  the pain-reducing 
effect of  fentanyl while limiting the use of  systemic opioids.

The National Institute for Health and Care Excellence in 
the United Kingdom recommends that all patients with hip 
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fractures receive pain management, irrespective of  age or 
cognitive impairment. This should be initiated at admission 
and continued with paracetamol administered every six 
hours before and after surgery, with opioids added if  pain 
persists. To prevent the administration of  high doses of  
opioids, it is recommended that peripheral nerve blocks 
be employed.23 The results of  our study indicated that 
postoperative NRS values were significantly lower and the 
total amount of  tramadol consumed was significantly less in 
patients who received PENG block compared to the control 
group. These findings demonstrate that the PENG block 
provides effective analgesia and can be employed to reduce 
opioid consumption.

No serious adverse events, such as permanent nerve damage, 
haematoma, or local anaesthetic systemic toxicity, were 
observed in the patients who received a PENG block. In our 
study, six patients in Group C exhibited nausea, vomiting, 
and/or hypotension. We hypothesize that this is a side effect 
of  postoperative tramadol use.

Study Limitations
The study was subject to certain limitations, including its 
retrospective nature, the difficulty in accessing archive 
documents, the paucity of  medical records, and the 
deficiencies in the history forms. Furthermore, the age of  
the patient population may have influenced the assessment 
of  NRS values. Furthermore, postoperative analgesic 
consumption was not quantified using patient-controlled 
analgesia methods, and the end time of  postoperative spinal 
anaesthesia was not monitored using the Bromage score. 
This may have resulted in challenges in pain assessment. 
There is a need for randomised controlled studies showing 
that preoperative PENG block application in hip fracture 
patients provides a more comfortable position to the patient 
during spinal anaesthesia, facilitates the application and 
increases the success of  spinal anaesthesia.

Conclusion
In our study, PENG block facilitated the administration 
of  spinal anaesthesia by reducing pain, especially during 
patient transfer and spinal anaesthesia positioning, and also 
shortened the duration of  spinal anaesthesia administration, 
thus increased the success of  first attempt spinal anaesthesia. 
Moreover, PENG block reduced postoperative pain, opioid 
use, and side effects.
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Abstract

Objective: The neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR) are indicators of  postoperative inflammatory 
response. Low-dose ketamine has analgesic and anti-inflammatory properties. Inguinal hernia surgery is associated with a higher incidence 
of  chronic pain. 
Methods: Sixty patients aged 18-60 years; American Society of  Anesthesiologists status I and II who were scheduled for laparoscopic 
inguinal hernia surgery were included. After the induction of  general anaesthesia, a ketamine 0.5 mg kg-1 bolus, followed by a 0.2 mg kg-1 

h-1 infusion (group K) or saline bolus and infusion (group S) was administered until the end of  the surgery. Blood samples were collected at 
various time intervals. Fentanyl requirement, hemodynamics, verbal analog scale (VAS), emergence delirium, recovery, postoperative nausea 
and vomiting, and chronic pain were recorded.
Results: Median (interquartile range) NLR was 4.63 times increased at 2 hours postoperatively from the baseline in group S [2.07 (1.72-
2.79) to 7.91 (5.74-14.7)] as compared to 2.53 times increase in group K [1.85 (1.4-2.61) to 5.45 (2.89-7.61)] (P=0.02). The increase in 
median PLR from baseline to 2 hours postoperatively was greater in group S (2.98 times) than in group K (1.94 times) (P=0.02). The NLR 
and PLR were comparable on POD1 between the groups. Fentanyl requirement was significantly higher in group S compared to Group K 
both intraoperatively, (P=0.01) and two hours postoperatively (P=0.047). More patients had chronic pain and VAS scores in group S than in 
group K (13 vs 5, P=0.05).
Conclusion: Low-dose ketamine reduces postoperative inflammatory response, decreases perioperative opioid requirement, and reduces 
incidence of  chronic pain after laparoscopic inguinal hernia surgery with no significant side effects. 
Keywords: Chronic pain, inflammatory markers, inguinal hernia, ketamine, neutrophil lymphocyte ratio, platelet lymphocyte ratio

Perioperative Care

DOI: 10.4274/TJAR.2024.241771

Main Points

• Low-dose intravenous ketamine bolus followed by infusion reduces inflammatory response, as observed by a significantly lower increase 
in neutrophil lymphocyte ratio and platelet lymphocyte ratio values at 2 hours postoperatively from baseline in laparoscopic inguinal 
hernia surgery. 

• Low-dose intravenous ketamine bolus followed by infusion reduces perioperative and chronic pain at 3 months after laparoscopic hernia 
surgery, with minimal delay in recovery and no side effects. 
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Introduction
Systemic inflammatory response depends on the release 
of  various hormones, cytokines, and acute phase reactants 
during surgery.1,2 An optimum inflammatory response 
would enhance the patient’s recovery, but an excessive 
inflammatory response may adversely affect the recovery 
and postoperative outcome due to immune depression and 
increased susceptibility to sepsis.

The inflammatory response is assessed by immune mediators 
like interleukins (IL), C-reactive protein (CRP), tumor 
necrosis factor-alpha (TNF-α), and procalcitonin; which 
require specific tests and are time-consuming. Neutrophil 
lymphocyte ratio (NLR) and platelet lymphocyte ratio 
(PLR) are easy to assess inflammatory response after surgery 
through complete blood counts.1,3 Studies have shown that 
NLR and PLR can correlate with IL-6, CRP, and  TNF- 
levels and can predict postoperative surgical complications 
and cancer prognosis.4-9

Anaesthesia techniques and anaesthetic agents also affect 
the inflammatory process perioperatively.1 Ketamine reduces 
inflammation after surgery by acting at various levels in the 
inflammatory process.10 Low-dose ketamine also provides 
good analgesia during and after surgery by antagonizing 
N- methyl D- aspartate (NMDA) receptors and by centrally 
desensitizing pain without significant side effects, such as 
emergence delirium and sedation.11-14 The incidence of  chronic 
post hernia pain syndrome after laparoscopic inguinal hernia 
surgery ranges from 6-20% and has adverse implications on 
morbidity, healthcare costs, and quality of  life.15,16 Previous 
studies have suggested that low-dose ketamine decreases the 
incidence of  chronic pain after various surgeries.17,18

Therefore, we hypothesized that low-dose ketamine infusion 
would result in decreased inflammatory response and 
chronic pain after laparoscopic inguinal hernia surgery. 
The primary objective of  the study was to evaluate the 
effect of  low-dose ketamine on the inflammatory response 
in terms of  NLR and PLR. The secondary objectives were 
to evaluate the effect of  low-dose ketamine on perioperative 
pain, opioid consumption, emergence delirium, awakening, 
postoperative nausea and vomiting, shivering, nystagmus, 
and chronic pain at 3 months.

Methods
This prospective, randomized, double-blind study was 
approved by the Institutional Ethics Committee for 
Post Graduate Research All India Institute of  Medical 
Sciences, Ansari Nagal, New Delhi for this study 
(approval no.: IECPG-268/28.06.2018, date: 26.07.2018) 
and registered with the Clinical Trials Registry, India, 
(CTRI/2018/08/015320). Written informed consent was 
obtained from the patients before recruitment.

Sixty patients aged 18-60 years with American Society 
of  Anesthesiologists I and II who were scheduled for 
laparoscopic inguinal hernia surgery were randomized 
using computer-generated random numbers into groups 
K and S. Patients with a history of  epilepsy, recurrent 
hernia, complicated hernia, conversion from laparoscopic 
to open surgery, inability to understand the scoring system, 
and refusal to participate were excluded from the study. 
Allocation was encealled by the closed envelop method, 
which was opened in the operating room. The study drugs 
and infusions were prepared by the anesthesiologist; who 
was not involved in the study. 

Pre-anaesthesia examination was performed one day before 
surgery, and a blood sample was drawn to obtain a complete 
blood count at baseline. The verbal analog scale (VAS) was 
explained to all patients to measure postoperative pain. On 
the day of  surgery, baseline vitals [heart rate (HR), non-
invasive blood pressure, SpO2] were noted before induction 
of  anaesthesia. Anaesthesia induction was performed with 
fentanyl 2 μg kg-1, propofol 2 mg kg-1 followed by atracurium 
0.5 mg kg-1 . In group K, ketamine bolus 0.5 mg kg-1 followed 
by ketamine infusion 0.2 mg kg-1 h-1 was administered until 
the end of  surgery. In group S, patients received a saline 
bolus and infusion until the end of  the surgery. The airway 
was secured with an appropriately sized cuffed endotracheal 
tube. Anaesthesia was maintained with O2, air (FiO2 0.5), 
and isoflurane (MAC 0.8-1.2). Vital signs were noted every 
5 minutes.

If  HR or mean arterial pressure increased by more than 
20% from baseline, 1.0 μg kg-1 fentanyl was administered. 
Paracetamol (1 g) and ondansetron (4 mg) were administered 
10 minutes before the end of  surgery. At the end of  the surgery, 
after regaining spontaneous breathing, neuromuscular 
blockade was reversed with a combination of  50 μg kg-1 

neostigmine and 10 μg kg-1 glycopyrrolate. The trachea 
was extubated after regular respiration with adequate tidal 
volume. The time from stoppage of  isoflurane to extubation 
and time from stoppage of  isoflurane to following verbal 
commands were noted, and the patient was shifted to the 
post anaesthesia care unit. Postoperative hemodynamic 
monitoring, time to reach modified Aldrete score of  ≥9, 
VAS score, emergence of  delirium by Richmond agitation 
sedation scoring system (RASS), shivering, nystagmus, and 
postoperative nausea or vomiting (PONV) were noted at 
regular intervals.

If  the RASS was +2 or +3, no interventions were 
performed. If  the RASS was 3 or 4, midazolam 0.4 μg kg-1 

was administered. If  the PONV score was 3, ondansetron 4 
mg was administered. If  still PONV was not controlled then 
metoclopramide 150 μg kg-1 was given. If  VAS was 4-6 then 
fentanyl 0.5 μg kg-1 and if  VAS was ≥7 then fentanyl 1 mg 
kg-1 was administered. 
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Patients were shifted to the ward after achieving a modified 
Aldrete score of  ≥9 tramadol 50 mg and paracetamol 1 g 
twice daily were administered as and when required. On 
POD1, the patient was followed-up in the ward, and the 
requirement for analgesics was noted. The patients were 
discharged with instructions for oral paracetamol 500 mg.

Blood samples (two mL venous blood) were collected in 
EDTA vials at pre-anaesthetic check-up (T0), 2 hours 
postoperatively (T1), and on POD1 (T2). 

The neutrophil count (NC), lymphocyte count (LC), and 
platelet count (PC) were noted. The NLR was calculated 
by dividing the absolute neutrophil count by the absolute 
lymphocyte count (ALC); PLR was calculated by dividing 
the absolute platelet count by the ALC.

Three months later, patients were interviewed telephonically 
for chronic pain. Their VAS, analgesic intake, radiating pain 
on exertion, pain at rest, throbbing pain, discomfort, wound 
site infection, and any need for a doctor consultation for 
a condition related to hernia surgery during the last three 
months were asked and noted.

Statistical Analysis
There is no previous study on the reference of  changes in 
NLR and PLR after laparoscopic surgery with low-dose 
ketamine administration, so we included 60 cases as a pilot 
study.

Categorical data were summarized according to frequency 
(percentage). Continuous variables were summarized by 
mean ± standard deviation, 95% confidence interval (CI), 
and median [interquartile range (IQR)/minimum and 
maximum] as appropriate. Qualitative data is compared 

using the chi-square test between the groups. Quantitative 
data is compared by Student’s t-test, Kruskal-Wallis test, 
and Mann-Whitney U test between the groups. STATA 
14.0 (2015) statistical software was used for analysis. P value 
<0.05 is considered to be significant.

Results
Data of  60 patients were included until POD1. At 3 months, 
telecommunication was not possible in two patients in group 
K and one patient in group S. Twenty-eight patients in 
group K and 29 patients in group S were followed up until 
the end of  the study (Figure 1).

Demographic data, type and duration of  surgery, and 
hemodynamic parameters were comparable between 
both groups (Table 1). The mean intraoperative fentanyl 
requirement was significantly lower in group K (7±15.2 
μg) [95% CI (1.35-12.64 μg)] than in group S (26.6±28.3 
μg) [95% CI (16.07-37.2 μg)] (P=0.01) (Table 2). The time 
taken for extubation was comparable between both groups. 
The time to follow verbal commands (13.7±5.9 vs 10.3±4.0 
min) and time taken to reach modified Aldrete’s score >9 
(18.6±5.8 vs 16±4.2) were significantly longer in group K 
than in group S (P=0.01 and 0.05 respectively) (Table 2).

Preoperative TLC, PC, NC, LC, NLR, and PLR values were 
comparable between the groups. TLC and NC increased at 
T1 and T2 from T0, but the increase in TLC was comparable 
between the groups. The increase in median (IQR) NC at 
T1 from T0 values was significantly more in group S [84 
(80-88.75)%] in comparison to the group K [77 (67.5-80)%] 
(p=0.0005) (Table 3). Median (IQR) LC reduction from T0 
to T1 was more in group S [29 (24-34.25)% to 11 (6.25-
14.5)%] compared to group K [31.5 (25-37.95)% to 14.5 

Figure 1. Consort diagram

NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte rat
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Table 1. Demographic Data, Comorbidities of  Patients, Type of  Inguinal Hernia and Surgical Procedure

Group K, n = 30 (%) Group S, n = 30 P value

Age, years (Mean ± SD, 95% CI) 38.9 ±13.1 (34.1-43.9) 38.2±13.6 (33.2-43.4) 0.84

Gender
Male 29 (96.7) 30 (100)

0.31
Female 1 (3.3) 0 (0)

Weight, kg (Mean ± SD, 95% CI) 62.3±8.7 (59.1-65.6) 65.3±10.6 (61.3-69.2) 0.25

Comorbidities

None 22 (73.3) 27 (90)

0.09

Hypertension 7 (23.3) 1 (3.3)

Diabetes 1 (3.3) 0 (0)

Asthma 0 (0) 1 (3.3)

Hypertension and diabetes 0 (0) 1 (3.3)

Type of  inguinal hernia

Direct

Bilateral 2 (6.7) 2 (6.7)

0.9

Right-sided 3 (10) 2 (6.7)

Left-sided 1 (3.3) 0 (0)

Indirect

Bilateral 6 (20) 8 (26.7)

Right-sided 12 (40) 13 (43.3)

Left sided 6 (20) 5 (16.7)

Type of  surgery
TAPP 16 (53.3) 12 (40)

0.3
TEP 14 (46.7) 18 (60)

Duration of  surgery, minutes (Mean ± SD, 95% CI) 60.5±18.6 (55.8-68.5) 62.2±17 (53.5-67.5) 0.71

n, number of  patients; SD, standard deviation; CI, confidence interval.

Table 2. Perioperative Fentanyl Requirement and Recovery After Anaesthesia

Group K, n = 30
Mean±SD (95% CI) 

Group S, n = 30
Mean±SD (95% CI) 

P value

Fentanyl (μg)

At induction 126.2±17.9 (119.52-132.88) 127.8±18.1 (121.08-134.59) 0.72

Intraoperative period 7±15.2 (1.35-12.65) 26.6±28.3 (16.07-37.2) 0.001*

Postoperative period 40.3±13.7 (30.5-50.02) 57.7±24.4 (45.6-69.8) 0.047*

Time taken for extubation (minutes) 9.4±4.3 (7.8-11) 8.6±3.6 (7.2-9.95) 0.42

Time taken to follow verbal commands (minutes) 13.7±5.9 (11.5-15.9) 10.3±4.0 (8.8-11.8) 0.01*

Time taken to reach MAS >9 (minutes) 18.6±5.8 (16.5-20.8) 16±4.2 (14.4-17.6) 0.05*

*Statistically significant.
mg, milligram; μg, microgram; MAS, modified Aldrete score; n, number of  patients; SD, standard deviation; CI, confidence interval.

Table 3. Total Lymphocyte Count, Neutrophil Count, Platelet Count, Lymphocyte Count, Neutrophil Lymphocyte Ratio and 
Platelet Lymphocyte Ratio at Various Time Intervals

Group K, n = 30
Median (IQR)

Group S, n = 30
Median (IQR)

P value

TLC (Number of  cells x 
106/liter)

T0 6815 (5650-7590) 6790 (5572-7287) 0.65
T1 9700 (7520-14635) 11450 (9375-14687) 0.32
T2 7455 (5725-9445) 8400 (1057-11040) 0.13

NC (% of  TLC)
T0 59.5 (48.25-63.5) 60 (53-65.75) 0.21
T1 77 (67.5-80) 84 (80-88.75) 0.0005*
T2 72.5 (68-75.75) 75 (69.3-81.5) 0.28

LC (% of  TLC)
T0 31.5 (25-37.95) 29 (24-34.25) 0.51
T1 14.5 (10.25-21.5) 11 (6.25-14.5) 0.01*
T2 18.5 (15-21.98) 18 (11-20.75) 0.49 
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Figure 2. Neutrophil lymphocyte and platelet lymphocyte ratios at different time points 

Preop, preoperative period; Postop 2hr, postoperative two hours; POD1, postoperative day one; ANC, absolute neutrophil 
count; ALC, absolute lymphocyte count; APC, absolute platelet count; Mann-Whitney U test was performed, NLR and PLR showed 
significant rise from preoperative value after two hours of  surgery

Table 3. Continued
Group K, n = 30
Median (IQR)

Group S, n = 30
Median (IQR)

P value

PC (number of  cells × 
1011/liter)

T0 1.85 (1.36-2.05) 1.71 (1.50-1.98) 0.80 
T1 1.64 (1.23-2.12) 1.66 (1.42-2.18) 0.41
T2 1.58 (1.34-2.06) 1.81 (1.6-2) 0.21

NLR (ANC/ALC × 100)

T0 1.85 (1.4-2.61) 2.07 (1.72-2.79) 0.47
T1 5.45 (2.89-7.61) 7.91 (5.74-14.7) 0.007*
T2 4.14 (2.93-5.05) 4.21 (3.39-7.55) 0.34
Number of  times rise in NLR at T1 from T0 2.53 (1.73-4.56) 4.63 (2.72-6.43) 0.02*
Number of  times rise in NLR at T2 from T0 2.41 (1.66-3.43) 2.23 (1.66-4.37) 0.81

PLR (APC/ALC × 100)

T0 55.2 (52.03-78.91) 58.9 (45.57-76) 0.99
T1 124.55 (66.45-174.79) 157.78 (127.42-305.89) 0.03*
T2 97.77 (66.67 -121.41) 126.14 (76.31-169.49) 0.19
Number of  times rise in NLR at T1 from T0 1.94 (1.38-3.21) 2.98 (2.11-4.4) 0.02*
Number of  times rise in NLR at T2 from T0 1.73 (1.37-2.03) 2.01 (1.27-2.95) 0.41

*Statistically significant.
IQR, interquartile range; TLC, total leucocyte count; NC, neutrophil count; ANC, absolute neutrophil count (%NC/deciliter); PC, platelet count; 
APC, absolute platelet count (PC/deciliter); LC, lymphocyte count; ALC, absolute lymphocyte count (%LC/deciliter); n, number of  patients; T0, 
preoperative; T1, two hours postoperatively; T2, postoperative day one.
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(10.5-21.5)%], which was statistically significant between 
the groups (P=0.01). At T2, NC and LC were comparable 
between the groups (Table 3). PC decreased at T1 and T2 
from T0, but the fall was comparable in both groups.

The NLR at T0 and T2 were comparable in both groups. 
The NLR showed a statistically significant increase from T0 
to T1 in group S compared with group K (P=0.007). The 
median (IQR) NLR in group K was 1.85 (1.4-2.61) at T0, 
increased to 5.45 (2.89-7.61) at T1, and decreased to 4.14 
(2.93-7.61) at T2. In group S, the median (IQR) NLR was 
2.07 (1.72-2.79) at T0, which increased to 7.91 (5.74-14.7) at 
T1 and reduced to 4.21 (3.39-7.55) at T2 (Table 3) (Figure 2).

The PLRs at T0 and T2 were comparable in both groups. 
The PLR showed a statistically significant increase in group 
S compared with group K at T1 (P=0.03). The median (IQR) 
PLR at T0 in group K was 55.2 (52.03-78.91) increased to 
124.55 (66.45-174.79) at T1 and reduced to 97.77 (66.67-
121.41) at T2. In group S, the PLR was 58.9 (45.57-76) at 
T0, which increased to 157.78 (127.42-305.89) at T1 and 
reduced to 126.14 (76.31-169.49) at T2 (Table 3) (Figure 2).

Postoperative pain was significantly less in the immediate 
postoperative phase in group K than in group S [(VAS>3)-

3/30 patients vs 13/30 patients] (P=0.007). VAS scores 
at 10, 30, 60, and 120 minutes were comparable in both 
groups. The total postoperative fentanyl requirement was 
significantly lower in group K than in group S (40.3±13.7 vs 
57±24.4 μg) (p=0.047) (Table 4).  The postoperative RASS 
scores at different time intervals were comparable between 
both groups. The incidence of  PONV, shivering, and 
nystagmus was minimal in both groups. 

At 3 months postoperatively, six patients in group K and 
12 patients in group S complained of  pain during routine 
work. Two patients (7.1%) in group K and 11 (37.9%) in 
group S had a VAS score of  3. One patient (3.6%) in group 
K and four (13.8%) patients in group S had a VAS score of  
4. Significantly more patients in group S had a greater VAS 
score during the three months postoperatively compared with 
group K (P=0.05) (Table 5). The incidence of  discomfort 
and radiating pain was higher in group S than in group K. 
Complications like discomfort, radiating pain at 3 months 
were present in 13/29 (44.8%) patients in group S and in 
05/28 (17.9%) patients in group K. Oral analgesics were 
administered to two patients in group S and one patient in 
group K. 

Table 4. Postoperative Verbal Analogue Score

VAS (0-3) VAS (>3)
P value

Time (minutes) Group K 
n = 30 (%)

Group S 
n = 30 (%)

Group K 
n = 30 (%)

Group S 
n = 30 (%)

0 27 (90) 17 (56.7) 3 (10) 13 (43.3) 0.007*

10 25 (83.3) 26 (56.7) 5 (16.7) 4 (13.3) 0.99

30 28 (93.3) 28 (93.3) 2 (6.7) 2 (6.7) 0.99

60 24 (80) 24 (80) 6 (20) 6 (20) 0.99

120 28 (93.3) 25 (83.3) 2 (6.7) 5 (16.7) 0.42

*Statistically significant.
n, number of  patients; VAS, verbal analogue score.

Table 5. Incidence, Symptoms and Requirement of  Medication for Chronic Pain

Group K  
n = 28 (%)

Group S 
n = 29 (%) P value

VAS after three months

0 20 (71.4) 16 (55.2)

0.05*

1 1 (3.6) 0 (0)

2 1 (3.6) 1 (3.4)

3 2 (7.1) 11 (37.9)

4 1 (3.6) 4 (13.8)

Three months postoperatively

No complaints 23 (82.1) 16 (55.2)

0.09Discomfort 1 (3.6) 2 (6.9)

Radiating pain 4 (14.3) 11 (37.9)

Not on medication 27 (96.4) 27 (93.1)
0.57

Paracetamol for pain 1 (3.6) 2 (6.9)

*Statistically significant.
n, number of  patients; VAS, verbal analogue score.
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Discussion
In the present study, the NLR and PLR at 2 hours after 
laparoscopic inguinal hernia surgery and POD1 from 
preoperative values were increased in both groups. Kim et 
al.1 also observed an increase in NLR until 24 hours after 
laparoscopic assisted vaginal hysterectomy. An increase in 
NLR signifies compromised immunity and activation of  
inflammatory response.1 Previous studies have shown that 
NLR and PLR are reliable markers of  inflammation and can 
predict disease-free survival rates, postoperative morbidity, 
and mortality.4-6,8,9 Tzikos et al.19 noted that NLP and PLR 
could be a good predictor for 90-day mortality and length 
of  hospital stay in patients undergoing cardiac surgery. The 
mean NLRs in normal males and females were 1.63 (0.76) 
and 1.66 (0.82).20 We observed comparable preoperative 
NLR between 1.4-2.79 in both groups. Preoperative NLR 
can be used as a predictor of  the severity of  appendicitis, 
with more than 8 values for severe acute appendicitis.21 
Higher preoperative NLR also helps in the diagnosis of  
requirement for intestinal resection for incarcerated hernia.5 
An increase in NLR of  more than 2.5-5 times from baseline 
or normal values is considered a poor prognostic indicator 
in cancer surgeries.4

Silva  et al.3 concluded that >10 NLR on the first 
postoperative day may be a surrogate marker for increased 
complications due to significant inflammation after bariatric 
surgery. The authors did not note NLR before the first 
postoperative day. In the present study, the NLR increased 
to 14.7 at 2 hours postoperatively; returned to 7.55 on 
POD1 in the saline group, whereas in the ketamine group, 
the NLR remained below 7.61 postoperatively. We observed 
that the increase in NLR at 2 hours after surgery from 
baseline was significantly less i.e. 2.53 times in comparison 
with 4.63 times in the saline group, suggesting suppression 
of  the inflammatory response after surgery with ketamine. 
Ketamine acts at various levels during the inflammatory 
process, including in inflammatory cell recruitment, cytokine 
production, and the regulation of  inflammatory mediators. 
However, this effect was short term, as the POD1 increase in 
NLR in both groups was comparable.

The mean reference value of  the PLR was 132.40 (46.79-
218.01).20 We observed the basal PLR value in the range 
of  45.57-78.91. Turkmen et al.6 concluded that the PLR 
is a better inflammatory marker than NLR for predicting 
inflammation in end-stage renal disease and also showed 
its positive correlation with NLR, CRP, IL6, and TNF-α. 
PLR alone was also considered for predicting major surgical 
complications after pancreatico-duodenostomy, with an 
optimal cutoff  of  145.3 within 30 days.8 In the present study, 
the maximum PLR at two hours postoperatively with low-
dose ketamine was 174.79 and with saline was 305.89; which 
decreased to 121.41 and 169.49 on POD1, respectively. The 
increase in PLR was significantly less (1.94 time) at 2 hours 

postoperatively with ketamine in comparison to 2.98 times 
with saline is due to the anti-inflammatory effect of  low-dose 
ketamine infusion. The comparable PLRs on POD1 in both 
groups suggest a short-term effect of  ketamine infusion. 
Previous studies have also shown that low-dose ketamine 
resulted in decreased levels of  inflammation markers 
(IL6) during prolonged open abdominal surgeries and 
cardiopulmonary bypass with hemodynamic changes.10,22 

Surgical procedures are associated with altered homeostasis, 
leading to the release of  stress hormones, pain, and 
inflammatory reactions. Systemic inflammatory response 
includes leukocytosis, neutrophilia, lymphopenia, apoptosis 
of  lymphocytes or inhibition of  apoptosis of  neutrophils.1 
Neutrophilia represents low-grade to unrestrained cellular 
inflammation, whereas lymphopenia is indicative of  latent 
immune response. Platelets participate in microcirculation 
thrombosis at the surgical site, hampering blood supply 
to the surgical wound and altering the healing process, 
resulting in decreased platelet counts. We also observed 
leukocytosis, neutrophilia, lymphopenia, and decreased 
platelet count postoperatively in both groups until 24 hours 
after hernia surgery, but neutrophilia and lymphopenia 
were significantly less with ketamine infusion at 2 hours 
after surgery compared with saline infusion. Predictors of  
postoperative infection include significant neutrophilia and 
lymphopenia after surgery. Our findings suggested that the 
anti-inflammatory effect of  intraoperative ketamine infusion 
as an increase in NLR and decrease in LC is present in sepsis 
and bacteraemia.7

We selected only laparoscopic inguinal hernia surgery, 
which had less hemodynamic changes and minimal blood 
loss, to avoid confounding factors like surgical procedure 
and duration of  surgery, to evaluate the effect of  low-
dose ketamine on inflammatory markers. Comparable 
demographic data and comorbidities avoided additional 
confounding factors in the present study, such as diabetes, 
hypertension, and asthma, which may lead to change in 
values of  NLR and PLR.23-26  Our anaesthesia technique 
was also similar in both groups, except for the study drug 
to eliminate further bias as anaesthetic drugs can modify 
inflammation and pain during and after surgery.1,2,27 
Domagalska et al.28 observed that erector spinae plane block 
lowers NLR and PLR ratios 12 and 24 hours after spinal 
surgery. Kim et al.1 compared total intravenous anaesthesia 
with propofol and remifentanil with sevoflurane anaesthesia 
in laparoscopic assisted vaginal hysterectomy and observed 
a significant decrease in NLR during the immediate 
postoperative period and two hours after surgery with TIVA 
compared with sevoflurane anaesthesia. Similar to our 
finding, the difference in NLR values was for short term, as 
NLR values were comparable at 24 hours postoperatively.1 

The short term effect on NLR may be due to inclusion of  
minor laparoscopic surgeries.
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In the present study, ketamine infusion significantly reduced 
fentanyl requirement during the intraoperative and 
postoperative periods. Our results are similar to those of  
previous studies in which ketamine was administered at a 
low-dose bolus or bolus followed by intraoperative infusion, 
resulting in decreased opioid requirement perioperatively.13,14 
Pain after laparoscopic inguinal hernia surgery is mainly 
due to peritoneal stretching caused by gas insufflation and 
diaphragmatic irritation. Ketamine provides preemptive 
analgesia by inhibiting central sensitization of  pain and 
inflammation during and after surgery.29 

Similar to previous findings, we found no difference in 
hemodynamics, extubation, side effects like emergence 
delirium, shivering, nystagmus, and PONV, between the 
low-dose intraoperative ketamine and saline groups.11-14 
Increase in time to follow verbal command and awakening 
was statistically significant in the ketamine group, whereas 
clinical delay of  2-3 minutes was not significant.

The incidence of  chronic pain was significantly less in 
ketamine group in comparison to the saline group. Chronic 
post hernia pain syndrome after laparoscopic hernia surgery 
has somatic and neuropathic components. Somatic pain is 
caused by damage to the pubic tubercle during the stapling 
of  the mesh prosthesis or deep muscle layers. Neuropathic 
pain is probably due to primary damage to the ilioinguinal 
or genitofemoral nerve. Secondary nerve damage can occur 
due to irritation or compression by an adjacent inflammatory 
process, such as granuloma.30 Ketamine decreases the 
incidence of  chronic pain by acting on NMDA receptors, 
activating descending inhibitory pathways arising from 
supraspinal sites, and inhibiting dorsal horn nociceptive 
neurons. A systematic review and meta-analysis concluded 
that low-dose ketamine infusion both intraoperatively and 
postoperatively decreased the incidence of  chronic pain.17 
The timing and dosage of  ketamine bolus and infusion in 
different studies were highly variable. We administered 0.5 
mg kg-1 bolus ketamine at induction followed by 0.2 mg kg-1 

h-1 infusion till the end of  surgery. In contrast, Kwok et al.11 
did not find any difference in the incidence of  chronic pain  
one month after laparoscopic gynecological surgeries with 
the pre-incision 0.15 mg kg-1 ketamine bolus.

Study Limitations
The limitations of  the present study were the inclusion 
of  laparoscopic surgery with less surgical trauma and the 
inability to assess the correlation of  NLR and PLR with 
chronic pain due to the small sample size. 

Conclusion
This study suggested that low-dose intravenous ketamine 
bolus followed by infusion reduced the inflammatory 
response, as observed by a significant decrease in the NLR 

and PLR values at 2 hours postoperatively from baseline 
after laparoscopic inguinal hernia surgery. Ketamine bolus 
infusion reduces perioperative and chronic pain at 3 months 
after laparoscopic hernia surgery, with a minimal delay in 
recovery without any side effects. 
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Main Points

• End-tidal carbon dioxide (etCO2)  requires more time for 6 continuous waveforms to confirm successful intubation and has a false posi-
tive rate.

• Supplementing etCO2 with ultrasound is faster and more reliable, especially in patients with low pulmonary blood flow who do not need 
positive pressure ventilation, such as during cardiopulmonary resuscitation, in high-risk emergency intubation, such as in trauma, or in 
difficult airway situations where intubation can be confirmed in real time. 

• Ultrasound is a reliable, rapid, and valuable tool for the early identification of  successful endotracheal intubation. 

Cite this article as: Neethirajan SGR, Baskar G, Parameswari A. Focus on POCUS: Identification of  Early Successful Intubation by Point-of-Care Ultrasound Versus End-Tidal Carbon 
Dioxide: A Prospective Comparative Study. Turk J Anaesthesiol Reanim. 2024;52(6):240-246.

Abstract

Objective: Successful endotracheal intubation is a key step in advanced airway management. The gold standard confirmation for successful 
endotracheal intubation is end-tidal carbon dioxide (etCO2) monitoring, although recent studies suggest that ultrasound can also be used. 
In this study, we explored the time-sensitive early recognition of  successful endotracheal intubation by comparing ultrasound and etCO2 
monitoring. 
Methods: The study included 104 patients who were posted for elective surgery under general anaesthesia requiring endotracheal intubation. 
The time from removal of  the face mask to ultrasound visualization of  flutter in the trachea was compared with that of  the appearance of  six 
consecutive capnography waveforms following endotracheal intubation. 
Results: Ultrasound was a faster tool for recognizing successful endotracheal intubation [(21.63±7.38) seconds] compared with capnography 
[(40.62±7.93) seconds]. 
Conclusion: eCO2 requires more time for 6 continuous waveforms to confirm successful intubation and has a false positive rate. 
Supplementing the gold standard etCO2 with ultrasound is faster and reliable in patients with low pulmonary blood flow without needing 
positive pressure ventilation, such as during cardiopulmonary resuscitation, in high-risk emergency intubations, such as in trauma, or in 
difficult airways where intubation can be confirmed in real time. Ultrasound is a reliable and faster tool for the early identification of  
successful endotracheal intubation than end-tidal carbon dioxide.
Keywords: Airway management, end-tidal carbon-di-oxide, endotracheal intubation, intubation, POCUS
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Introduction
The key step in advanced airway management is endotracheal intubation, which is performed to maintain 
ventilation and to deliver anaesthetic gases under general anaesthesia. Unintentional esophageal intubation (which 
is around 2.7 to 25%1,2) dislodgement, and misplacement of  the tube are potential catastrophic complications 
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during intubation that result in rapid clinical deterioration 
of  the patient causing hypoxemia, hemodynamic instability, 
and death.3

The confirmation of  successful endotracheal intubation 
is usually performed by direct visualization of  the tube 
entering the glottic opening, chest auscultation, bilateral 
chest movement, fogging of  the endotracheal tube (ETT), 
capnography waveform, and radiological means (such as 
ultrasound and X-ray). End tidal carbon dioxide (etCO2) 
is the gold standard for identifying successful endotracheal 
intubation with 100% sensitivity and 100% specificity.4,5 
Recent studies suggest that ultrasound can be used to 
confirm endotracheal intubation and has equal validity as 
etCO2 for confirming successful endotracheal intubation.6-9

In this prospective observational study, we compared 
ultrasound and end-tidal carbon dioxide for the early 
recognition of  successful endotracheal intubation.

Methods
After Sri Ramachandra Institute of  Higher Education and 
Research, Institutional Research Ethics Committee approval 
(approval no.: EC/NEW/INST/2023/TN/0320, date: 
March 12, 2024), a prospective, single center, observational 
study was conducted at our tertiary care hospital. The study 
included 104 patients aged 18-75 years who underwent 
general anaesthesia requiring endotracheal intubation. 
Patients with expected difficult laryngoscopy, indication 
for awake fiber-optic intubation, parturient, and refusal to 
participate in the study were excluded from the study. 

After written informed consent, the patient was wheeled 
inside the operating room, and baseline monitors were 
connected and pre-oxygenated for 5 min with 100% oxygen. 
The patient was intravenously administered fentanyl (2 μg 
kg-1 and propofol 2 mg kg-1 intravenously,  and paralyzed 

with vecuronium (0.1 mg kg-1). An ultrasound probe (HFL38, 
13-6 MHz Linear transducer, Edge II, Fujifilm Sonosite Inc, 
Bothell, USA) was placed over the anterolateral aspect of  
the neck on the left side, at the level just below the cricoid 
cartilage, to visualize both the trachea and esophagus in 
the same field (Figure 1). The ultrasound was performed 
by a senior anaesthesiologist having expertise in airway 
ultrasound and doing it for more than 10 years. After 3 
min. of  mask ventilation, laryngoscopy and endotracheal 
intubation were performed. The timer was switched on, and 
the time from the removal of  the face mask to the recognition 
of  ETT in ultrasound entering trachea was noted. Similarly, 
the time from removal of  the face mask to six square wave 
capnography was noted. Successful endotracheal intubation 
is identified by the bullet sign on ultrasound and the flutter 
created by the ETT inside the trachea, obliterating the 
reverberation artifact created by the tracheal cartilage 
(Figure 2). Esophageal intubation is identified by the ETT 
entering the esophagus, visualized in ultrasound as a double 
bubble sign with ETT inside esophagus by the side of  
trachea (Figure 3). 

Statistical Analysis
Sample size was calculated by taking the standard 
deviation (SD) of  the time taken by ultrasonography to 
determine endotracheal intubation as 15.14 s according 
to the study by Chowdhury et al.9. The margin of  
error was estimated to be less than 3 s for the time 
taken by ultrasonography to determine endotracheal 
intubation. The other parameter considered for sample size 
calculation was 5% two-sided alpha error. The following 
formula was used to calculate the sample size:

Sample size (N) = ((Zα/2)
2×SD2) ÷ d2 

Where,

• SD = Standard deviation of  the previous study.

Figure 1. a) Scanning technique to visualize the trachea and esophagus. b) ultrasound image showing the trachea and 
esophagus in the same field
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• Zα/2 = Z0.05/2 = 1.96 (From Z table) at 5% alpha error.

• d = Estimated margin of  error; and

Sample size (N) = ((1.96)2×15.142) ÷ 32 = 880.57 ÷ 9 = 97.84 ~ 98

According to the above calculation, the required sample 
size is 98.

When adding 10% non-response rate:

N* = N ÷ (1-0.1) = 98 ÷ 0.9 = 103.2 ~ 103/104.

Hence, the required sample size was 104.

Pescriptive analysis was performed at frequency and 
proportion for categorical variables. Continuous variables 
are presented as mean ± SD. Spearman’s rho correlation 
coefficient was used to check the relationship between two 
continuous variables. The intraclass correlation coefficient 

was used to check the agreement between the two methods. 
P < 0.05 was considered statistically significant. RStudio 
Desktop Version 2023.03.0+386 was used for statistical 
analysis. (Reference: RStudio Team (2023). RStudio: 
Integrated Development for R. RStudio, PBC, Boston, MA 
URL http://www.rstudio.com/).

Results
A total of  104 patients were included in the study.  
The demographic data of  all study participants (sex, age, 
height, weight, and body mass index) are presented in 
Tables 1 and 2.

The time taken by ultrasound for confirmation of  
endotracheal intubation was found to be 21.63±7.38 

Table 2. Descriptive Analysis of  Demographic Variables in the Study Population (n = 104)

Parameter Mean ± SD Median Minimum Maximum
95% CI

Lower Upper

Age (years) 43.36±14.88 43.5 18 75 40.46 46.25

Weight (kg) 71.33±13.95 71 48 107 68.61 74.04

Height (cm) 163.22±9.6 162 143 190 161.35 165.09

BMI (kg/m2) 26.79±4.82 26.5 16.9 38.83 25.85 27.73

SD, standard deviation; BMI, body mass index; CI, confidence interval

Table 1. Descriptive Analysis of  Gender in the Study Population (n = 104)

Gender Frequency Percentages

Male 59 56.73%

Female 45 43.27%

Figure 2. Ultrasound image of  endotracheal intubation-
bullet sign

Figure 3. Ultrasound image of  esophageal intubation 
showing the double bubble sign
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seconds, and the time taken for 6 waveform capnography 
was 40.62±7.93 seconds. The mean difference in recognition 
of  successful endotracheal intubation between ultrasound 
and end-tidal carbon dioxide was 18.98±4.28 seconds, 
with ultrasound being early in recognition of  successful 
endotracheal intubation (P < 0.001) (Table 3).

The correlation between the time taken for ultrasound and 
the end-tidal carbon dioxide was studied using Spearman’s 
correlation coefficient. There was a strong positive 
correlation between Time taken for POCUS and etCO2 

(P < 0.001). Therefore, POCUS detected endotracheal 
intubation much earlier than end-tidal carbon dioxide in 
most of  the study population (Table 4).

Discussion
The present study compared two methods, ultrasonography 
and etCO2 in early recognition of  successful endotracheal 
intubation in 104 patients who were posted for elective 
surgery under general anaesthesia requiring endotracheal 
intubation. In our study, the mean time taken by ultrasound 

Table 3. Comparison of  Time Courses Between POCUS and EtCO2 (n = 104)

Variable Mean ± SD Mean 
difference Median Minimum Maximum

95% CI 95% 
confidence 

interval (CI) 
for mean 

difference

P 
valueLower Upper

Time taken 
by the 
POCUS (in 
seconds)

21.63±7.38

18.98±4.28

20 11 50 20.20 23.07

18.15-19.81 <0.001
Time taken 
by etCO2  
(in seconds)

40.62±7.93 39 20 70 39.07 42.16

etCO2, end-tidal carbon dioxide; SD, standard deviation; CI, confidence interval

Figure 4. Scatter plot comparing time taken for POCUS vs. etCO2

etCO2, end-tidal carbon dioxide

Table 4. Correlation Between Time Taken for POCUS vs. etCO2

Correlation between Spearman’s rho correlation (95% CI) P value

Time taken to calculate
POCUS vs. etCO2

0.738 (0.632 to 0.816) <0.001

etCO2, end-tidal carbon dioxide; CI, confidence interval
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was 21.63±7.38 seconds and time taken for getting 6 
waveform capnography was 40.62±7.93 seconds to 
confirm endotracheal intubation. Ultrasound recognized 
endotracheal intubation quicker than capnography with a 
mean difference of  18.98±4.28 seconds (P < 0.001). 

Endotracheal intubation and its placement inside the 
trachea are time-sensitive procedures. The most serious 
complication during ETT placement is unintentional 
esophageal intubation, the incidence of  which ranges from 
2.7% to 25%.2,3 Several methods have been employed to 
confirm the ETT position like visual confirmation of  tube 
entering the glottis, chest auscultation, chest wall movement, 
fogging inside the tube, capnography by etCO2, esophageal 
detector devices, and radiologically by ultrasound and X-ray. 
Visualization of  tube, fogging and chest auscultation are 
subjective and should be supplemented with a gold standard 
and rapid method to identify the correct placement of  ETT.

Most of  the above-mentioned methods have several 
limitations, like chest auscultation was normal in 48% of  
unintended esophageal intubation as described by Caplan 
et al.10 which is due to the transmission of  esophageal and 
gastric sounds to the chest wall due to its close anatomical 
proximity, having high false positivity rate. Visualization of  
the tube entering the glottic opening is operator dependent 
and can be difficult in cases of  difficult laryngoscopy 
wherein the glottic view is limited or it can be difficult due 
to the presence of  secretions or blood in larynx.11 Fogging or 
condensation inside the ETT is also a not reliable predictor 
for successful endotracheal intubation as 83% of  esophageal 
intubation in animal studies showed condensation inside the 
tube.12

Due to these limiting factors and low reliability, secondary 
adjuvant methods should be used for the proper identification 
of  successful endotracheal intubation. Capnography by 
measuring etCO2 from expired CO2 remains the gold 
standard and is considered the most reliable indicator to 
confirm proper ETT placement and has been included as 
Class 1 recommendation by the American Heart Association 
since 2010.13-16

Asai and Shingu17 in their observation reported a normal 
capnography waveform initially despite the ETT being in 
the esophagus. This can be explained by the pooling of  
expired carbon dioxide in pharynx.17 Similarly, in cases of  
cardiac arrest where pulmonary blood flow is reduced, even 
during administration of  high-quality cardiopulmonary 
resuscitation, the capnographic waveform has high false-
positive rates due to several limitations like false positive 
waveform when the ETT lies at the hypopharynx, 
accidentally during cardiac arrest. One of  the major 
disadvantages of  etCO2 is the need for positive pressure 
ventilation for confirmation, which can be detrimental 
when ETT “is” in the esophagus, causing gastric distension, 

aspiration or even rupture of  the esophagus. In addition, 
during mask ventilation, the exhaled alveolar gas containing 
carbon dioxide enters the stomach and causes a false-positive 
capnography waveform during esophageal intubation. 
On subsequent breaths during esophageal intubation, 
carbon dioxide levels decrease, resulting in a decrease in 
etCO2. Hence, capnography requires at least 6 continuous 
waveform for confirmation of  endotracheal intubations.18,19

etCO2 is the gold standard for intubation detection, and it 
will continue to do so. There is a time lag for the detection of  
esophageal intubation by etCO2. In fact, the presence of  the 
first few waveforms of  etCO2 during esophageal intubation 
misguides the anaesthesiologist toward endotracheal 
intubation. In patients with difficult airway or low perfusion 
states, such as shock due to polytrauma or major obstetric 
hemorrhage, if  the esophageal intubation is misconstrued 
as endotracheal intubation, the first and best intubation 
attempts as well as the precious time to secure the airway are 
lost. Moreover, in emergency situations like during cardio-
pulmonary resuscitation, attempts at securing the airway 
can be chaotic, stressful, and time-consuming. In addition, 
poor circulation during cardiac arrest can cause delayed 
response in end-tidal carbon dioxide levels on the monitor. 
Moreover, the amplitude of  the etCO2 waveform will be 
reduced, and the time for it to appear will be delayed. Our 
argument is that the use of  point-of-care-ultrasound during 
such situations to confirm endotracheal intubation will be 
more reliable, specific, and faster.

Ultrasound has several advantages over etCO2 being faster 
and more reliable, even in conditions with low pulmonary 
blood flow. In addition, ultrasound does not require positive 
pressure ventilation.19 Our study showed that ultrasound 
is a faster tool for the early recognition of  successful 
ETT placement. The pitfalls of  using ultrasound include 
availability of  ultrasound, training of  personnel, and booting 
time. The availability of  ultrasound in every operating 
theater complex has become easier with the advent of  
POCUS. Training for airway assessment requires expertise, 
whereas identification of  the trachea and esophagus is easier 
even by novice trainees. It takes less than 10 minutes to train 
novice trainees to identify the trachea and esophagus. The 
booting time of  the ultrasound that we used was less than 
25 seconds, unlike capnography, which can take minutes 
negating the time constraints associated with the use of  
ultrasound.

Our study involved placing a linear ultrasound probe on the 
anterolateral part of  the neck below the level of  the cricoid, 
and the trachea was visualized in the midline as an inverted 
U-shaped structure. It is characterized by a hyperechoic air-
mucosal interface with a reverberation artifact that is visible 
posteriorly. The peristaltic movements that the patient 
experiences after swallowing indicate the presence of  the 
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esophagus, which is located easily deep within the trachea 
on its left side. The ETT appears as a hyperechoic brilliant 
structure when it traverses through the trachea, which 
aids in its vision by causing a transient flutter and acoustic 
shadowing or comet-tail effects.7,20 In case of  accidental 
esophageal intubation, the ETT entering the esophagus 
shows double bubble sign.21

According to a study conducted by Abhishek et al.8, both 
etCO2 and ultrasound can be used for confirmation of  
ETT placement, and in their study etCO2 was quicker than 
ultrasound. Their results were different from our study 
because we used six continuous waveforms in capnography 
for confirmation of  endotracheal intubation. 

Chowdhury et al.9, in their study compared various 
parameters in confirmation of  ETT placement on 
intubations done by novice anaesthesia practitioners 
and concluded that ultrasound was a faster tool among 
ultrasound and chest auscultation. This was in accordance 
with our study, and these results can be extrapolated to 
general practice.

In our study, ultrasound detected misdirected ETT entering 
the esophagus in two patients (who were eliminated from 
statistical analysis), which was corrected immediately 
without requiring another laryngoscopy, which is another 
added advantage of  using ultrasound for confirmation of  
endotracheal intubation. This real-time ultrasound guidance 
for endotracheal intubation is of  immense value, especially 
in difficult airway situations.

We conducted this study to identify early successful 
endotracheal intubation. Our study did not statistically 
address the early identification of  esophageal intubation, 
although it is possible in a study with a large sample size. 
We believe that etCO2 is the gold standard for confirming 
endotracheal intubation, and ultrasound should be used as 
an adjunct for identifying endotracheal intubation much 
earlier.

Conclusion
Ultrasound can be used as a reliable and faster tool for 
confirming successful endotracheal intubation than 
capnography using etCO2. Ultrasound can be a more useful 
supplement to etCO2, especially in high-stake environments, 
such as during anticipated or unanticipated difficult 
airway, emergency intubations during cardiopulmonary 
resuscitation, and poly trauma where pulmonary blood flow 
is reduced leading to poor etCO2 waveforms. 
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