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1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 
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ABSTRACT

Importance: Multiple authors have identified the most unusual novel associations as precipitant factors of 
subarachnoid hemorrhage and the knowledge of these and pathogenesis in background is necessary to suspect and 
therefore timely diagnose subarachnoid bleed and understand the mechanism of its subsequent complications. 
Objective: We herein describe unusual causes of subarachnoid bleed reported in various case reports with a 
comprehensive but elaborative review describing underlying pathogenesis and physiological mechanisms behind these 
precipitants and complications. Evidence Review: We sorted unusual causes of subarachnoid hemorrhage from 
literature review. By conducting meticulous scrutinization on search engines likePubmed®, Medline ®, Medline Plus 
®, PubMed Central ®, MedNets®, Medbioworld®, Journal Watch® and Pakmedinet®; we found many novel 
associations using the key words: “Hemorrhagic stroke; subarachnoid hemorrhage; unusual precipitants; novel causes; 
pathogenesis; physical principles; aneurysms”. Findings: Novel associations of subarachnoid bleed include 
coagulopathies, lumbar puncture, degenerative vascular diseases, herpes encephalitis, sexual intercourse, bee sting, 
Conn’s syndrome and likewise many others. The basis of pathogenesis and its complications lies in understanding the 
complexity of relationship between the dynamics of intracranial pressure, volume and flow. Conclusions and 
Relevance: Understanding the physiology of exchange of force between different intracranial contents is the key to 
learn the mechanics of complicated brain injuries in SAH. Identifying the most unusual novel associations as 
precipitant factors of subarachnoid hemorrhage and the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore timely diagnose subarachnoid bleed.It may also help generate 
newer ideas for management in SAH.

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 
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Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.
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1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 

Figure 1: CT scan brain showing subarachnoid hemorrhage. A:hyperdensity involving the posterior most portion of
falxcerebri and extending to right (white arrow); B:hyperdensity extending along falxcerebri posteriorly (white arrow
long) and marginally to the right (white arrow short).8

Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.
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1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 

Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

 

 

 Figure 2: Intracranial volume-pressure relationship and
physiological autoregulation changes with flow,
resistance and pressure changes

Figure 3: Intracranial cerebral blood flow and
autoregulation

Figure 4: Schematic representation of anatomical
relations in subarachnoid hemorrhage depicting the
relationship of location of aneurysm in reference to
leptomeninges, subarachnoid space and brain
parenchyma

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.
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1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 

Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.
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1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 

Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.
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1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 

Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.

REFERENCES

1. Tønsaas M, Johnsen SH, Seip M, Eldevik 
 P.Diagnostic challenges in a man with 
 subarachnoidalhaemorrhage.TidsskrNorLaegeforen.  
 2009; 129(23):2490-2. 
2. Kaptain GJ, Lanzino G, Kassell NF. Subarachnoid 
 haemorrhage: epidemiology, risk factors, and 
 treatment options. Drugs Aging.2000; 
 17(3):183-99.
3. Walton JN. Subarachnoid haemorrhage of unusual 
 aetiology. Neurology.1953; 3(7):517-43.
4. Sato Y, Isotani E, Kubota Y, Otomo Y, Ohno K.
 Circulatory characteristics of normovolemia and 

 normotension therapy after subarachnoid 
 hemorrhage, focusing on pulmonary edema. 
 ActaNeurochir (Wien). 2012; 154(12):2195-202.
5. Biersteker HA, Andriessen TM, Horn J, Franschman
 G, van der Naalt J, Hoedemaekers CW, et al. 
 Factors influencing intracranial pressure monitoring 
 guideline compliance and outcome after severe 
 traumatic brain injury. Crit Care Med. 2012; 
 40(6):1914-22.
6. Treggiari MM; Participants in the International
 Multi-disciplinary Consensus Conference on the 
 Critical Care Management of Subarachnoid 
 Hemorrhage. Hemodynamic management of 
 subarachnoid hemorrhage. Neurocrit Care. 2011; 
 15(2):329-35.
7. Romero Kräuchi O, Verger Bennasar AM. Protective
 measures against cerebral ischemia following 
 subarachnoid hemorrhage: Part 1. Rev 
 EspAnestesiolReanim. 2011; 58(4):230-5.
8. Nomani AZ, Rajput HM, Iqbal M, Jan Z, Irshad M,
 Badshah M et al. Subarachnoid Hemorrhage 
 Secondary to Forceful Sneeze. Case Reports in 
 Neurological Medicine. 2015; http://dx.doi.org/
 10.1155/2015/896732.
9. Reynolds MR, Willie JT, Zipfel GJ, Dacey RG. Sexual
 intercourse and cerebral aneurysmal rupture: 
 potential mechanisms and precipitants. J 
 Neurosurg. 2011; 114(4):969-77. 
10. Lee KW, Tsai FY, Cheng CY. Venous hypertension
 may be a factor in aneurysmal rupture. A case 
 report. Neuroradiol J. 2013; 26(3):311-4. 
11. Verma R, Sahu R, Lalla R. Subarachnoid
 haemorrhage as the initial manifestation of cortical 
 venous thrombosis. BMJ Case Rep. 2012; 2012. 
12. Nyberg EM, Chaudry MI, Turk AS, Spiotta AM, 
 Fiorella D, Turner RD. Report of two cases of a rare 
 cause of subarachnoid hemorrhage including 
 unusual presentation and an emerging and 
 effective treatment option.J Neurointerv Surg. 
 2013;5(5):e30. 
13. Dikici S, Aydin LY, Saritas A, Kudas O, Kandis H. Am 
 J Emerg Med. An unusual presentation of bee sting: 
 subarachnoid hemorrhagia. 2012; 30(8):
 1663.e5-6. 
14. Hasiloglu ZI, Albayram S, Ozer H, Olgun DC, Selcuk
 H, Kaynar MY. Cranial subarachnoid hemorrhage as 
 an unusual complication of epidural blood 
 patch.ClinNeurolNeurosurg. 2011; 113(8):
 689-92. 
15. Hyun SJ, Hwang SN, Nam TK, Park SW, Byun JS. 
 Takayasu's arteritis complicated with subarachnoid 
 hemorrhage and hematomyelia--case report. 
 Neurol Med Chir (Tokyo). 2011; 51(2):119-22. 
16. Tonomura Y, Kataoka H, Yata N, Kawahara M, 
 Okuchi K, Ueno S. A successfully treated case of 

 herpes simplex encephalitis complicated by 
 subarachnoid bleeding: a case report. J Med Case 
 Rep. 2010; 4:310. 
17. Valade D, Ducros A.Acute headache in the 
 emergency department.HandbClin Neurol. 2010; 
 97:173-81.
18. Woo JK, Malfair D, Vertinsky T, Heran MK, Graeb 
 D.Intracranial transthecal subarachnoid fat emboli 
 and subarachnoid haemorrhage arising from a 
 sacral fracture and dural tear. Br J Radiol. 2010; 
 83(985):e18-21. 
19. Bittencourt LK, Palma-Filho F, Domingues RC, 
 Gasparetto EL.Subarachnoid hemorrhage in 
 isolated cortical vein thrombosis: are presentation 
 of an unusual condition. ArqNeuropsiquiatr. 2009; 
 67(4):1106-8.
20. Lee SJ, Lin YY, Hsu CW, Chu SJ, Tsai SH. 
 Intraventricular hematoma, subarachnoid 
 hematoma and spinal epidural hematoma caused 
 by lumbar puncture: an unusual complication.Am J 
 Med Sci. 2009; 337(2):143-5. 
21. Korri H, Awada A, Ali Y, Choucair J. Brucellar 
 meningitis complicated by aneurysmal 
 subarachnoid hemorrhage. Rev Neurol (Paris). 
 2008; 164(12):1052-5. 
22. Hsieh PF, Lee YC, Chang MH. Unilateral carotid and 
 vertebral artery dissections and contralateral 
 subarachnoid hemorrhage in a postpartum patient. 
 ActaNeurol Taiwan. 2008; 17(2):94-8.
23. Sharp S, Stone J, Beach R. Contrast agent
 neurotoxicity presenting as subarachnoid 
 hemorrhage. Neurology. 1999; 52(7):1503-5.
24. Cruz DN, Segal AS. A patient with Wegener's 
 granulomatosis presenting with a subarachnoid 
 hemorrhage: case report and review of CNS disease 
 associated with Wegener's granulomatosis. Am J 
 Nephrol. 1997; 17(2):181-6.
25. Patey O, Ollivaud L, Breuil J, Lafaix C. Unusual 
 neurologic manifestations occurring during dengue 
 fever infection. Am J Trop Med Hyg. 1993; 
 48(6):793-802.
26. Barton CW. Subarachnoid hemorrhage presenting
 as acute chest pain: a variant of le coup de 
 poignard. Ann Emerg Med. 1988; 17(9):977-8.
27. Simonetti C, Bechini F. Subarachnoid hemorrhage 
 as initial manifestation of polyarteritisnodosa. Riv 
 Neurol. 1988; 58(5):180-2.
28. duTrevou MD, van Dellen JR. Moyamoya disease as 
 a cause of subarachnoid haemorrhage. A case 
 report. S Afr Med J. 1987; 71(11):725-7.
29. Bryer A, Miller JL. Conn's syndrome presenting as a 
 subarachnoid haemorrhage. A case report. S Afr 
 Med J. 1982; 62(8):249-50.

30. Jansonius NM. A relationship between tube length 
 and intraocular pressure after glaucoma drainage 
 implant surgery cannot be explained by Poiseuille's 
 law. ActaOphthalmol. 2014;92(1):e74.
31. Breckler JL, Christensen T, Sun W. Using a physics
 experiment in a lecture setting to engage biology 
 students with the concepts of Poiseuille's law. CBE 
 Life Sci Educ. 2013;12(2):262-73.
32. Tsai FY, Yen A, Guo WY, Wu CC. Venous
 hypertension and cerebral aneurysm rupture. 
 Neuroradiol J. 2011;24(1):137-44.
33. Rosner MJ. Introduction to cerebral perfusion
 pressure management. NeurosurgClin N Am. 
 1995;6(4):761-73.
34. Goldstein LJ, Rypins EB. Blood vessel modeling. Int
 J Biomed Comput. 1991;29(1):23-9.
35. Mutoh T, Kazumata K, Terasaka S, Taki Y, Suzuki A,
 Ishikawa T. Early intensive versus minimally invasive 
 approach to postoperative hemodynamic 
 management aftersubarachnoid hemorrhage. 
 Stroke. 2014;45(5):1280-4.
36. Kurtz P, Helbok R, Ko SB, Claassen J, Schmidt JM,
 Fernandez L et al. Fluid responsiveness and brain 
 tissue oxygen augmentation after subarachnoid 
 hemorrhage. Neurocrit Care. 2014;20(2):247-54.
37. Mori T, Katayama Y, Igarashi T, Moro N, Kojima J,
 Hirayama T. Is the circulating plasma volume 
 sufficiently maintained? Fluid management of an 
 aneurysmal subarachnoidhemorrhage in the acute 
 phase. Neurol Res. 2012;34(10):1016-9.
38. Beseoglu K, Unfrau K, Steiger HJ, Hänggi D.
 Influence of blood pressure variability on short-term 
 outcome in patients with subarachnoid 
 hemorrhage. Cent EurNeurosurg. 2010;71
 (2):69-74.
39. Persson B, Toss L, Ortenwall P. Fatal
 sneezing?.Lakartidningen. 1977;74(47):4222.
40. Ceruti P, Morbio R, Marraffa M, Marchini G.
 Simultaneous bilateral acute angle-closure 
 glaucoma in a patient with subarachnoid 
 hemorrhage. J Glaucoma. 2008;17(1):62-6. 
41. Bradford C, McElduff A. An unusual cause of
 hypocalcaemia: magnesium induced inhibition of 
 parathyroid hormone secretion in a patient with 
 subarachnoid haemorrhage. Crit Care Resusc. 
 2006;8(1):36-9.
42. Domenicucci M, Ramieri A, Paolini S, Russo N,
 Occhiogrosso G, Di Biasi C et al. Spinal 
 subarachnoid hematomas: our experience and 
 literature review. ActaNeurochir (Wien). 
 2005;147(7):741-50; discussion 750.
43. Oxley DW. An unusual tear-gas gun fatality.J
 Forensic Sci. 1977;22(3):606-9. 

44. Hu Q, Wu C, Chen JY, Yan F, Li JR, Chen G. The 
 relationship between hypoxia-inducible factor-1α 
 expression and apoptosis in early brain injury
 aftersubarachnoid hemorrhage.Zhejiang Da 

 XueXueBao Yi Xue Ban. 2014;43(1):58-65.



5 5P A K I S T A N  J O U R N A L  O F  N E U R O L O G I C A L  S C I E N C E S V O L .  1 1  ( 3 )  J U L   -   S E P   2 0 1 6

1.3. Pathophysiology and risk factors:
The shoulder complex consists of four separate joints, 
which afford it incredible mobility in all planes of 
motion, but at the expense of its stability. The 
glenohumeral joint relies on the integrity of muscular 
and capsule-ligamentous structures rather than bony 
conformation for its stability. The shoulder stability
depends on static and dynamic stabilizers.The static 
stabilizers are glenoid labrum, glenohumeral and 
coracohumeral ligaments. The dynamic stabilizers 
include the deltoid and rotator cuff muscles which work 
in a fine balance to elevate the arm and keep the 
humeral head in glenoid fossa. During the initial phase 
of post stroke hemiplegia, these muscles becomes 
flaccid. This low tone makes the surrounding structures 
more susceptible to damage and results in altered 
alignment of scapula and humerus. During this phase, 
dynamic stabilizers are not functioning and reliance is 
on static stabilizers, which overstretch due to weight of 
the arm in dependent position. The humeral head 
displaces inferiorly and anteriorly by a combination of 
loss of normal shoulder muscle activity and the weight 
of the upper limb secondary to gravitational pull, which 
stretches the joint capsule, muscles, tendons and 
ligaments.  Improper positioning in bed, lack of support 
while the patient is in the upright position or pulling on 
the hemiplegic arm when transferring the patient can 
further contribute to glenohumeral subluxation. 
Significant shoulder pain occurs within 6 months after 
stroke and there is an increased risk in patients with 
shoulder subluxation.  Huang et al evaluated shoulders 
of post stroke hemiplegic patients with musculoskeletal 
ultrasound. They found that acute stroke patients with 
poor upper limb motor function were more vulnerable 
to soft-tissue injuries during rehabilitation, and a higher 
incidence of shoulder subluxation and higher frequency 
of shoulder pain were found in this group of patients. 

2. ASSESSMENT OF SHOULDER SUBLUXATION:

Shoulder subluxation can be assessed by following 
three methods 

2.1. Clinical assessment
Assessment of shoulder subluxation includes 
inspection of the shoulder for sulcus sign. (Figure 1) 
Measurement of subluxation of shoulder can be carried 
out by following three clinical methods. However these 
clinical methods are examiner dependent and may lack 
precision, and may not detect small changes in 
glenohumeral displacement. 

2.1.1. The number of finger breadths that can be 
inserted between the inferior aspect of the acromion 

and the superior aspect of the humeral head (Figure 2)

Figure 1 Sulcus Sign

Figure 2 Palpation method to assess the inferior 
subluxation of glenohumeral joint

2.1.2. The distance between the inferior border of the 
acromion and the upper border of the humeral head 
can be measured by calipers or a tape to assess arm 
length discrepancy.
 
2.1.3. Use of thermoplastic jig, which is an L-shaped 
device constructed of thermoplastic material with a 
tape measure. Landmarks are the same as the 
anthropometrical evaluation that uses a tape or a 
caliper. 

2.2.Radiological assessment

Radiographic measurements are considered a standard 
measurement for evaluation and have been used in 
several studies to assess the effectiveness of therapy or 

1. INTRODUCTION

Stroke is the third leading cause of death globally and 
an important cause of acquired adult impairment. It is 
a serious and disabling global health-care problem. 
Stroke and transient ischemic attacks (TIA) are highly 
prevalent in Pakistan. No large scale, epidemiological 
studies have been conducted in Pakistan to determine 
the true incidence of stroke in the country. A 
community based survey in Karachi urban area 
estimated the prevalence of stroke and transient 
ischemic stroke to be 21.8%. Many post stroke 
complications have been documented in the literature 
including pain, spasticity, pressure ulcers, urinary tract 
infections, deep vein thrombosis, aspiration pneumonia 
and hemiplegic shoulder pain.  Shoulder subluxation is 
an important complication of stroke, which is mostly 
unrecognized and untreated in Pakistan. Aim of this 
review article is to raise the awareness of this 
somewhat preventable complication among allied 
healthcare professionals and summarize the current 
literature on the epidemiology and pathophysiology, 
evaluation and management strategies of post stroke 
shoulder subluxation. 

1.1 Definition:
Glenohumeral subluxation is defined as “increased 
translation of humeral head relative to the glenoid 
fossa”. The hemiplegic shoulder shows changes in the 
mechanical integrity of the glenohumeral joint causing a 
palpable gap between the acromion and humeral head.

1.2. Epidemiology
Shoulder subluxation, is a frequent complication in post 
stroke patients. It is reported to be present in 17 to 81 
% of patients following stroke, most commonly occuring 
during the flaccid stage. Glenohumeral subluxation 
(GHS) is associated with development of shoulder pain 
(SP), delayed motor recovery of upper extremity and 
should be treated in acute stage of hemiplegia. The 
reported incidence of shoulder pain varies from 48 to 
64%6, which can result in significant disability. Although 
it can occur as early as 2 weeks post stroke, an onset 
time of 2-3 months post stroke is more typical.6 

Although the impact of Glenohumeral subluxation (GHS) 
on the development of shoulder pain and upper-limb 
functional recovery has not been completely explained, a 
number of authors consider GHS an important source of 
shoulder pain. 

development of GHS over time. Generally, the X ray 
approach has been shown to be reliable and valid. 
Glenohumeral subluxation can be assessed by single 
antero-posterior radiograph of the affected shoulder. 
The other methods include plane of the scapula 
method and the calculation of three-dimensional 
distances by two X rays (at 0° and at 45° or at 30° to 
the coronal plane). 13

2.3 Ultrasonographic assessment:
The assessment of shoulder subluxation by 
musculoskeletal ultrasound is becoming increasingly 
popular. Ultrasound can detect minor asymmetry (≤0.5 
cm) and has the potential advantage over the 
fingerbreadth palpation method of identifying patients 
with minor subluxation. The lateral distance (LD) is 
measured from the lateral border of the acromion to 
the greater tuberosity of the humerus. 
Ultrasonographic measurement of Acromion-Greater 
tuberosity (AGT) distance demonstrates excellent 
intra-rater reliability for a novice rater. Inter-rater 
reliability of ultrasonographic measurement of AGT also 
demonstrates good reliability between novice and 
experienced raters. 

3 Impairments Associated with shoulder 
subluxation:
Shoulder subluxation may be associated with several 
impairments and complications as follows

3.1 Shoulder pain:
It has been suggested that if not corrected, a pattern of 
traction on the flaccid shoulder will result in pain, 
decreased range of motion and contracture. However, 
not all patients with a subluxed hemiplegic shoulder 
experience shoulder pain and its contribution to the 
development of HSP is debatable. Paci et al. suggested 
that pain associated with subluxation is probably 
present later after stroke since “fibrous changes or 
injury can occur in connective tissue of the ligaments 
and joint capsule due to incorrect alignment between 
the humerus and the scapula”.13 Shoulder subluxation 
is the second major cause of HSP after adhesive 
capsulitis.11 It has been suggested that subluxation 
causes shoulder pain by overstretching the soft tissues 
(such as the capsule, ligaments and muscles) 
surrounding the shoulder. Some studies describe an 
association between shoulder subluxation and pain11, 
while others do not support the role of shoulder 
subluxation in the development of pain. An arthroscopic 
study found that the causes of hemiplegic shoulder 
pain are complex and that shoulder subluxation is one 
of the major causes. 

3.2. Poor upper limb function and Rehabilitation 
outcomes
Shoulder subluxation is a major challenge in the 
rehabilitation of stroke patients. It may not only affect 
the upper limb treatment process, but can also lead to 
additional complications such as pain, which can 
further delay the recovery of function. Shoulder pain 
can negatively affect rehabilitation outcomes,as good 
shoulder function is a prerequisite for successful 
transfers, maintaining balance, performing activities of 
daily living and for effective hand function. GHS can 
interfere with rehabilitation and has negative effects on 
motor function recovery . One can predict with 98% 
accuracy, which are the patients who will develop HSP 
on the basis of three factors which are strongly 
associated with shoulder pain including positive Neer 
test, moderate  or greater shoulder pain during the 
performance of the hand behind the neck maneuver 
and a reduction in external rotation of shoulder joint 
greater than 10 degrees.

3.3. Reflex sympathetic dystrophy
There is evidence to suggest that shoulder subluxation 
is associated with reflex sympathetic dystrophy. 
Therefore, its prevention should be an important part of 
upper limb rehabilitation.

3.4. Soft tissue injury
Acute stroke patients with poor upper limb motor 
function are more vulnerable to soft-tissue injuries 
during rehabilitation, higher incidence of shoulder 
subluxation and higher frequency of shoulder pain.20

There is a higher percentage of tendonitis in hemiplegic 
shoulders than the unaffected shoulder. The biceps and 
the supraspinatus tendons are major sites of 
soft-tissue injury and lesions. Acute stroke patients with 
poor upper limb motor function, combined with 
impaired sensation, shoulder spasticity and 
subluxation, have a higher prevalence of shoulder 
soft-tissue injuries (85%) and hemiplegic shoulder pain 
(67%).20 Once spasticity develops, the severity of 
shoulder pain and subluxation worsens.

4. Management:
The management of shoulder subluxation after stroke 
starts with preempting its occurrence especially if the 
risk factors, mentioned earlier, are present in the 
hemiplegic patients. Preventing the development of 
shoulder subluxation is considered an important part of 
stroke management and rehabilitation.

4.1. Prevention: 
During the initial flaccid stage of hemiplegia, the 
involved extremity should be adequately supported or 

the weight of the arm might result in shoulder 
subluxation. Education and training for the patient, 
family/caregiver and clinical staff on how to correctly 
handle and position the affected upper limb is 
mandatory.29

4.2. Positioning
Low tone shoulder should be managed by proper 
positioning using pillows, slings, lap trays. Slings should 
be worn during transfers or ambulation only. They 
should be removed during sitting or in bed. In sitting, 
shoulder must be positioned in slight flexion, abduction 
and external rotation; and hand in open weight bearing 
position. Particular attention should be paid to proper 
positioning of pelvis and trunk alignment as Proximal 
stability of the trunk is a pre-requisite for distal limb 
mobility. Since lap trays are not widely available in 
Pakistan so authors recommend use of pillow placed 
under the forearm to prevent and manage shoulder 
subluxation. (Figures 3 and 4)

Figure 3. Shoulder without support while sitting

Figure 4. Shoulder with support under forearm

4.3. Strapping/ Slings
There is insufficient evidence to conclude whether 
slings and wheelchair attachments prevent subluxation, 
decrease pain, increase function, or adversely increase 
contracture in the shoulder after stroke.  There is some 
evidence that strapping the affected shoulder delays 
the onset of pain but does not decrease it. There is also 
some evidence that strapping does not increase 
function nor adversely increase contracture. 
Slings are generally simpler for caregivers to use than 
functional electrical stimulation (FES) or strapping, and 
they can be combined with the other treatments. 
Although formal shoulder sling prescription is low (28%) 
but it is commonly used by patients with post stroke 
subluxation (81%). Shoulder Supports have various 
purposes i.e., realigning scapular symmetry, supporting 
the forearm in a flexed arm position, improving 
anatomic alignment with an auxiliary support, or 
supporting the shoulder with a cuff. The use of slings 
has been considered a contraindication by some 
authors because slings can facilitate an increase in 
flexor tone and synergistic patterns, cause reflex 
sympathetic dystrophy, restrain functional recovery, 
obstruct arm swing during walking, and for some, 
impair body image.34 When prescribing shoulder slings 
to a post stroke hemiplegic patients following should be 
considered

• Ensure a Proper fit that promotes proper
 glenohumeral alignment since poor alignment 
 can contribute to increased flexion synergy.

• The sling should not interfere with patient
 function and should be relatively easy to don 
 and doff.

• It should not create new problems
 (e.g., edema in the dependent hand), 
 contribute to synergy patterns, or cause 
 scapulohumeralmalalignment.

There is conflicting evidence regarding strapping the 
shoulder to prevent or manage subluxation with most of 
the research articles and systematic reviews do not 
favor the use of slings.

4.4. Kinesiotaping. 
Kinesiological taping (KT)can be used to prevent GHS 
or improve symptoms associated with shoulder pain. 
The use of taping method in conjunction with an 
established rehabilitation program may play an 
important role in the reduction of post stroke shoulder 
pain, soft tissue inflammation, muscle weakness, and 
postural malalignment. Kinesiotape may improve the 

position of the glenohumeral joint and may provide the 
proprioceptive feedback to achieve proper body 
alignment.  These factors are fundamental when 
exercises to restore the upper extremity functions are 
performed. The use and the position of the upper 
extremity following a stroke affect not only the patients’ 
ability to reach, hold, and manipulate an object, but 
also their ability to stand up and walk.

4.5. Neuromuscular electrical stimulation 
Neuromuscular electrical stimulation (NMES) has been 
shown to be effective in treating and preventing GHS 
and pain associated with it.29 A recent meta-analysis of 
15 randomized controlled trials concluded that FES can 
be used to prevent or reduce shoulder subluxation early 
after stroke, however  it did not support the efficacy of 
use of FES for pain reduction, improvement in arm 
strength, movement, functional use, daily function, or 
quality of life after stroke.   NMES can be applied both 
in form of surface functional electrical stimulation (FES) 
or intra-muscular stimulation.46,47 The muscles targeted 
should include supraspinatus, long head of biceps and 
the posterior deltoid muscle. The NMES should be 
applied as early as possible because early application is 
associated with better outcomes and late application 
might not be as much effective.48 Since FES is not 
widely available in most of the developing countries 
including Pakistan, so the authors recommend early 
and regular use of surface electrical muscle 
stimulations in post stroke patients to promote motor 
recovery and prevent muscle wasting.  

4.6. Robotic Devices 
The role of robotic technology in the neurological 
rehabilitation has expanded in the last decade.  Many 
devices have been developed and tested in post stroke 
patients. In small trial of 18 patients, the robotic 
protocol effectively treated the shoulder subluxation. 
This robotic treatment additionally can lead to 
decreased spasticity, which may further increase use of 
the affected extremity and possibly help prevent 
complications such as adhesive capsulitis50.

5. CONCLUSION:

Shoulder subluxation is an important complication in 
post stroke patients, which can adversely affect the 
rehabilitation outcome and lead to shoulder pain. It 
should be preempted and appropriate preventive 
measures must be taken to avoid it. These include 
proper positioning, family and caregiver education, 
provision of adequate shoulder support and early 
introduction of neuromuscular approaches. Since the 
low tone in early recovery phase makes the surrounding 

muscles, tendons and ligaments more susceptible to 
damage. Thus, it is important to prevent subluxation in 
the early stages of recovery.
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vomiting and numbness and weakness of right half of 
body. Neither did he lose consciousness nor had fits or 
fever but had been irritable and aggressive since then. 
Clinical examination revealed supple neck with right 
sided pyramidal weakness and motor aphasia. 8His 

Computed Tomography (CT) scan brain showed 
subarachnoid hemorrhage extending along the 
falxcerebri posteriorly and towards right duly reported by 
radiologist. Cerebrospinal fluid (CSF) examination 
confirmed the presence of xanthochromia suggestive of 

INTRODUCTION

Among stroke subtypes of hemorrhagic nature, 
subarachnoid bleed contributes a significant number of 
cases. It is a serious but potentially treatable cause of 
neurological morbidity and mortality. Common 
etiological associations include intracranial arterial 
aneurysms, head injuries and arteriovenous 
malformations. Of these, aneurysms stand on the top 
in frequency.1, 2 While many of these aneurysmal bleeds 
are spontaneous, many authors have described the 
most novel of associations as precipitants behind the 
rupture. The mechanism of autoregulation of central 
nervous system is unique in its self as being immune to 
a wide range of volume-pressure changes but of 
course, is bound by the rules of physics at one stage or 
another. 3,4,5,6,7 Theknowledge of these physical 
dynamics is the key to understand the pathogenesis of 
brain injury in different types of cranial insults, 
particularly vascular and the subsequent results of 
complications. By this review, we aim to describe 
unusual causes of subarachnoid hemorrhage (SAH) 

with a comprehensive but elaborative review of its 
pathogenesis to understand the physiology behind 
these precipitants. We further explain the principles of 
physics lying behind the consequences of 
complications following SAH. This will help researchers 
better correlate the precipitants with dynamics of 
intracranial vascular system and thus innovate newer 
ideas for better management of subarachnoid 
hemorrhage. 

REVIEW

An unusual case: [SAH with sneeze]8

We share one of our recent experiences with a patient;a 
55 years old farmer who presented to our stroke unit 
with 2 days history of sudden onset, severe, 
generalized headache following forceful sneeze. A 
consultation with local general practitioner revealed 
normal blood pressure (120/80 mm Hg) and pulse 
(86/min, regular) but right sided weakness on the day 
of event almost instantaneously followed by neck ache, 

Intracranial volume–pressure and flow relation-
ships: Simple principles of physics The dynamics of 
fluid flow through a tube is described by Poiseuille’s 
law, i-e-,

Where Q = flow, Pi – Po = pressure gradient from the 
inlet (i) of the tube to the outlet (o), r = radius of the 
tube, l = length of the tube, Đ = viscosity of the fluid The 
velocity (v) and flow (Q) are related to one another by the 
cross-sectional area (A) of the tube:

Similarly, in fluid mechanics, hydraulic resistance, R, 
may be defined as the ratio of the pressure drop, Pi −
Po, to flow, Q; i-e-,

The physics of fluid flow through rigid tubes provides a 
basis for understanding the flow of blood through blood 
vessels, even though the blood vessels are not rigid 
tubules (i.e., they are distensible) and blood is not a 
simple homogeneous fluid. Changes in vascular 
resistance occur when the caliber of vessels changes. 
The most important factor that leads to a change in 
vessel caliber is contraction of the circular smooth 
muscle cells in the vessel wall. Changes in internal 
pressure also alter the caliber of blood vessels and 
therefore alter the resistance to blood flow through these 
vessels. Blood vessels are elastic tubes. Hence, the 
greater the transmural pressure (i.e., the difference 
between internal and external pressure) across the wall 
of a vessel, the greater the caliber of the vessel and the 
less its hydraulic resistance. 30, 31, 32, 33, 34This explains 
why the relation between volume and pressure within the 
cranium is non-linear. The dynamics within an 
aneurismal structure i-e-, an arterial configuration, can 
be understood by acknowledging the existence of these 
similar principles within the human body.Fig 2, 3

Off-balance proportion of force and resistance and 
SAH

The described precipitants of SAH either cause 
weakening of the wall of artery/ aneurysm or primarily 
affect the pressure-volume curve almost instantaneously 
such that the normal autoregulatory forces get short of 
time to accommodate to such rapid physical changes. 
For example, of the precipitants reported by various 
authors; degenerative vascular diseases, herpes 
encephalitis, venous hypertension and takayasu arteritis 

might result into SAH via following the former while 
lumbar puncture, sexual intercourse, cough and sneeze 
might do so via latter.8, 9, 10, 14, 16, 17, 33, 34, 35, 36, 37, 38, 39, 40, 41, 

42, 43 It is the off-balance of these natural forces that 
causes a breech in the integrity of arterial wall and 
seepage of blood. Fig 4

subarachnoid hemorrhage. CT Angiography (CTA) 
revealed aneurysm of posterior communicating artery. 
The patient was managed conservatively using 
analgesics, antiemetics, nimodipine and follow-up 
rehabilitation program as he did not consent for 
neurosurgical intervention. The patient made an 
uneventful recovery with complete resolution of 
neurological deficit.8

Novel associations

In the light of above, we sorted unusual causes of 
subarachnoid hemorrhage from literature review. By 
conducting meticulous scrutinization on search engines 
likePubmed®, Medline ®, Medline Plus ®, PubMed 
Central ®, MedNets®, Medbioworld®, Journal 
Watch® and Pakmedinet®; we found many novel 
associations. These included associations with 
coagulopathies (either pharmacologically-induced or 
resulting from systemic diseases), lumbar puncture for 
diagnostic or anesthesiological purposes, traumatic 

injuries, aortic coarctation, degenerative vascular 
diseases, herpes encephalitis, aneurysmal rupture 
following sexual intercourse, venous hypertension, 
cortical venous thrombosis, bee sting, epidural blood 
patch, takayasu arteritis, brucella meningitis, cranial 
arterial dissections, contrast agent neurotoxicity, 
Wegner’s granulomatosis, dengue fever, 
polyateritisnodosa, moyamoya and Conn’s 
syndrome.Cases secondary to cough or sneeze have 
rarely been reported and one presenting at our unit is 
perhaps the only few of the internationally reported 
cases.In all of the above including its complications, 
the most plausible explanation is described by the 
volume-pressure relationship either within the vascular 
system or between the brain parenchyma, CSF and 
intracranial space as suggested by the Monro-Kellie 
doctrine hypothesis.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29

Complications in SAH: A basic principle of 
neurophysiology

The Monro-Kellie hypothesis states that the sum of 
intracranial volumes of blood, brain, CSF and other 
components (primary tumours, abcesses, hematoma, 
secondaries, tuberculomas) is constant. Skull is 
considered as a confined, enclosed and inelastic 
reservoir filled with the most fragile but vital organ 
systems. An increase in the volume of any one of the 
intracranial contents must be offset by a decrease in 
one or more of the others or be associated with a rise 
in intracranial pressure (ICP). Intracranial blood 
(especially in the venous compartment) and CSF are 
the two components whose volume can adapt most 
easily to accommodate an increase in the volume of 
intracranial contents. The relationship of elasticity and 
compliance provides an index of compensatory reserve 
and contents of cranium do not allow any foreign object 
to interfere beyond this narrow window of 
compensatory expansion.Once these compensatory 
mechanisms get exhausted, further increases in 
volume results in large rises in ICP. 4, 5, 6, 7, 34, 35, 36, 37, 38 

Intracranial pressure and compensatory brain 
shifts.

The cranial vault is divided into compartments by the 
dural reflections of the falx cerebri and tentorium 
cerebelli. Raised ICP frequently results in pressure 
gradients between compartments and a shift of brain 
structures between these compartments. Many of the 
clinical counterparts of raised ICP are the consequence 
of such shifts rather than the absolute level of ICP. The 
margin of permissible compromise is still very small and 
anyalien pressure jeopardizes the functional capacity 
nearly always and the life of patient at times. Fig2 Brain 
shifts may be supratentorial or infratentorial. 5, 6, 7, 34, 35

Supratentorial:
Uncal (transtentorial), Central, Cingulate (subfalcine), 
Transcalvarial

Infratentorial:
Upward (Cerebellar/ transtentorial), Tonsillar 
(Downward cerebellar)

It is pertinent to mention that brain shifts (like lateral 
transtentorial herniation without a rise in ICP with 
temporal lobe haematomas) may not always lead to 
raised ICPand it is therefore important not to place 
uncritical reliance on ICP levels in the management of 
such patients. 1, 2, 3, 5, 6, 7, 34, 35, 36. 37

Intracranial blood pressure and cerebral blood 
flow mechanics

ICP and arterial blood pressure interact to affect 
cerebral blood flow, particularly in circumstances where 
cerebrovascular autoregulation has been impaired. 
Under normal circumstances, cerebral blood flow is 
maintained constant over a range of cerebral perfusion 
pressures by cerebrovascular autoregulation while 
maintaining a specific narrow range of mean arterial 
pressure (MAP). If autoregulation gets impaired, 
changes in blood pressure or ICP can have direct 
effects on cerebral blood flow. Even if it remains intact, 
changes in ICP and blood pressure may alter 
intracranial blood volume as a result of dilatation or 
constriction of cerebral blood vessels while 
volume-pressure changes and brain shifts are taking 
place. This in turn influences ICP.Fig 3Subsequently, 
vitals centers in the brain and brainstem get 
compromised putting the functional capacity of patient 
at ultimate risk and death if not physiologically or 
therapeutically controlled. 1, 2,4, 5, 6, 7, 34, 35, 36, 37, 38

Intricate reciprocity of raised intracranial pressure 
with SAH

The combination of headache, papilloedema, and 
vomiting is generally considered indicative of raised ICP, 
although there is no consistent relation between the 
severity of symptoms and the degree of hypertension. 
Pressure headaches are often described as throbbing 
or bursting and are exacerbated by any factors that 
further increase ICP such as coughing, sneezing, 
recumbency or exertion. 6, 7, 35, 36, 37, 38, 39, Classically the 
headache of raised ICP is worse in the morning. This 
has been attributed to a rise in ICP during the night as 
a consequence of recumbency, a rise in PCO2 during 
sleep caused by respiratory depression and probably a 
decrease in CSF absorption.Papilloedema is a reliable 
sign of raised ICP but can require several days of raised 
pressure to develop. Fundal haemorrhagescan develop 
in response to acute and severe rises in ICP as in 
subarachnoid haemorrhage. Longstanding raised ICP 
however may fail to cause papilloedema if the 
subarachnoid sleeve around the optic nerve does not 
communicate with the subarachnoid space. Vomiting 
tends to be a late feature, usually occurs after waking, 
and frequently accompanies morning headache.7, 35, 36, 

37. A progressive deterioration in conscious level usually 
accompanies rising ICP almost in a linear fashion and is 
probably a consequence of caudal displacement of the 
diencephalon and midbrain. Other signs often seen in 
association with raised ICP such as pupillary dilatation, 
bilateral ptosis, impaired upgaze, extension to pain and 

respiratory irregularity, are related to tentorial or 
tonsillar herniation rather than the absolute level of 
ICP.Changes in blood pressure, pulse, and respiratory 
pattern are usually late signs of raised ICP in clinical 
practice. These signs are related to brain stem 
distortion or ischaemia.2, 5, 6, 7, 35, 36, 37, 38, 39, 40, 41

Molecular intrigues of cerebral injury in SAH 

Despite intense research efforts in the field, current 
knowledge about the understanding of the molecular 
intrigues in post-SAH brain injury is very limited.A 
number of studies have recently indicated that 
apoptosis may be a major player in the pathogenesis of 
secondary brain injury after SAH. Apoptosis is the term 
given to programmed cell death, which has been widely 
connected to a number of intracranial pathologies 
including stroke, Alzheimer’s disease and SAH. 
Experimental data suggest that apoptotic cascades 
occur very early after the initial insult and may be 
related directly to physiologic sequel commonly 
associated with SAH.44Identification of these 
cascades presents a number of potential therapeutic 
opportunities that may ameliorate secondary brain 
injury after SAH in near future. 

CONCLUSION

Subarachnoid hemorrhage is a serious but potentially 
treatable cause of neurological morbidity. 
Understanding the physiology of exchange of force 
between different intracranial contents is the key to 
learn the mechanics ofcomplicated brain injuries in 
SAH. Identifying the most unusual novel associations 
as precipitant factors of subarachnoid hemorrhage and 
the knowledge of these and the pathogenesis behind 
complications is necessary to suspect and therefore 
timely diagnose subarachnoid bleed.It may also help 
generate newer ideas for management in SAH.
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