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Editorial

113

Greetings from Chettinad Health City!

We proudly present the third issue of Volume four of  
Chettinad Health City Medical Journal which is a special 
edition on Anesthesia and its subspecialties. Advances 
in science and technology has had an impact on the field 
of medicine which has grown in leaps and bounds. This 
has been extrapolated to the specialty of Anesthesiol-
ogy. All the latest developments in surgical specialties 
could be attributed to this exponential growth and 
advancement of Anesthesiology as a specialty.

The modern day Anesthesiology services  have  been 
extended to Trauma Care, Critical Care and Pain
Medicine which is fast developing.

The two review articles on fluid therapy very concisely 
cover fluid management in sepsis and pediatric age 
group. The perspective article on sperm associated 
oocyte activating factor and original article on immotile 
spermatozoa are very informative. An original article 
on weight gain as a precipitating factor for polycystic 
ovarian syndrome based on a retrospective study is very 
interesting. The classroom series on Eagle syndrome, a 
rare clinical condition, is well covered. The various case 
reports make for an interesting reading. The section on 
pages of history covers the advances in the understand-
ing of physiology which helped in the progress of 
anesthesia.

In conclusion, this issue of the journal is interesting and 
informative providing a wealth of knowledge to the 
reader.

Prof. Lailu Mathews

Section Editor

Email: lailu.mathews@gmail.com
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Sperm associated oocyte activating factor (SAOAF) 
activates the oocyte to initiate embryogenesis1. Oocyte 
activation involves a rise in Ca+ release and followed by 
a series of Ca+ oscillations1. Ca+ oscillations modulate 
multifaceted events which include cortical granule 
exocytosis, release of meiotic arrest,regulate gene 
expression, recruit maternal mRNA and initiate 
embryogenesis1.

Different empiricists have purported many sperm 
factors like oscillin, truncated c-kit receptor(tr-kit),  
post-acrosomal sheath WW domain binding 
protein(PAWP) and Phospholipase c zeta2,3,4. 
Although many factors have been proposed, none of 
them meet all the criteria of SAOAF. 

A sperm factor should meet certain basic criteria to be 
considered as SAOAF. Activation of oocyte takes place 
after sperm delivers a testis-specific, sperm-borne 
oocyte activating factor(SAOAF) into ooplasm5. Sperm 
factor should have a molecular weight of 30-100k Da 
found in association with isolated sperm heads and 
capable of inducing Ca+ oscillations resembling those 
seen at fertilization2,6,7,8,9. Blocking of sperm factor 
should stop activation if it is a physiological activator of 
the oocyte. Microinjection of recombinant sperm 
protein should induce oocyte activation10.

Several proteins were proposed to be the SAOAF. 
Oscillin was proposed as oocyte activating factor by 
Parrington et al in 199611.Microinjection of sperm 
extracts of 33K protein showed Ca oscillations which 
was considered as oscillogen11. Oscillin was homolo-
gous to glucosamine 6-phosphate isomerase, an 
enzyme involved in hexose phosphate metabolism12. 
Injection of recombinant glucosamine 6-phosphate 
isomerase into fura-2-dextran–loaded metaphase 
II(MII) oocytes didn’t showed any Ca+ oscillations12.

Truncated c-kit receptor(tr-kit) which was known to 
cause Ca+ oscillations was proffered by Sette et al in 
199713. Microinjection of sperm extracts showed Ca+ 
oscillations but recombinant protein didn’t show any 
oscillations. Research by Mehlmann et al 1998, and 
Sette et al 1998 had proposed that mechanism of  Tr-kit 
induced activation of oocyte appears to be different 
from that utilized by sperm14,15. In addition, Tr-kit is 
associated with the residual cytoplasm of sperm tail, not 
with the sperm head13.

Phospholipase c zeta(PLC ζ) was propounded by 
Saunders et al in 200216. Experiments done by Aarabi et 
al states that PLC ζ is not a cytosolic protein localised 
over the surface of the post-acrosomal region of 
mouse/bull sperm and over the entire head of human 
sperm which contradicts other studies which states that 
SAOAF is a cytosolic protein specified to acrosomal, 
equatorial, and post-acrosomal regions of rodent and 
human sperm1,10. Moreover, PLC ζ is also secreted by 
epididymal cells which contradicts SAOAF as testis-
specific protein  and is not incorporated into ooplasm 
for activation5,10. Although clinical evidence supports 
that deficiency of PLC ζ  leads to Oocyte activation 
deficiency(OAD), it doesn’t necessarily support PLC ζ  
alone17. Globozoospermia which lacks sperm perinu-
clear theca and acrosome which is a predominant site of 
PLC ζ lacks another protein PAWP17.

Post-acrosomal sheath WW domain binding 
protein(PAWP) was proposed by Wu et al in 200719. 
Nomikos et al injected recombinant mouse PAWP 
protein, or the complementary RNA encoding either 
untagged PAWP, or the complementary RNA 
encoding either untagged PAWP, or YFP-PAWP, or 
PAWP-luciferase failed to show Ca+ oscillations17. 
Aarabi et al contradicts study of Nomikos et al18. Arabi 
et al states that tagging on a protein to PAWP prevents 
its binding with oocyte WW domain containing 
proteins, which is a compulsory first step in the signal 
cascade that PAWP initiates in the oocyte cytoplasm18. 
Working injection concentration of Arabi et al PAWP 
CRNA was 0.002 which was 600times lesser than 
Nomikos et al. Initial dilution trials by A arabi et al has 
found that higher concentrations of PAWP failed to 
induce Ca+ oscillations17,18. Neverthless Nomikos et al  
refute Aarabi et al study by stating that generation of 
Ca+ oscillations by PAWP protein pathway is 
unknown17. Aarabi et al concluded that we need further 
investigations to conclude PAWP as SAOAF18. 

None of the above mentioned sperm protein factors 
satisfy Sperm Factor Hypothesis. However PLC ζ and 
PAWP protein are still in debate. We need further 
investigations to conclude the novel SAOAF protein 
which could gratify the conditions of Sperm Factor 
Hypothesis.

Dr.Shiva Krishna graduated from Army College of Dental Sciences and did his Post Graduate 
Diploma in Clinical Embryology from Chettinad Hospital and Research Institute. He is currently 
working as a Consultant Embryologist at Hyderabad.
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Introduction
Semen analysis is currently the gold standard for 
evaluating male infertility, despite all its limitations. 
There are several parameters analyzed during routine 
semen analysis of which motility of spermatozoa is one 
of the important parameters.  Several factors are 
known to influence motility of spermatozoa, for exam-
ple: calcium, kinases, phosphatase, cell volume and 
osmolarity, reactive oxygen species1-7. In fact, during 
the passage of spermatozoa from the testis to the 
epididymis, the osmolarity of the luminal fluid increases 
and normal spermatozoa counteract shrinkage by 
increasing the uptake of organic osmolytes such as 
L-carnitine and aminoacids secreted by the epithelium 
in the epididymis4. 

Knowledge about the fundamental structure of the 
spermatozoon is necessary to understand the motility 
mechanism at the cellular level. Basic structure “flagel-
lum” is responsible for the motility, which consist of 
four regions, which are the connecting piece, the 
mid-piece, the principal piece and the terminal or end 
piece8.

The flagellum also consists of the axoneme and outer 

dense fibres(fig 1). Axoneme is composed of two 
central microtubules, connected by linkages9, 
surrounded by nine microtubule doublets8 (the ‘9 + 2’ 
pattern). Each doublet has an A subunit forming a 
complete microtubule, and a B subunit which is 
C-shaped with its ends attached to the A subunit. A 
central sheath composed of a spiral of two fibres 
surrounds the two central microtubules9. Dynein arms 
are the microtubule doublets of A subunit5,6,10. Dynein 
arm bends by translating the chemical energy into 
kinetic energy and cause flagellar movement6. This 
occurs in an attachment–detachment cycle between the 
dynein arms and the adjacent doublet7. 

Each microtubule doublets are connected by nexin 
links6,11  between the A and B subunits11. Role of nexin 
ring is elastic recoil which helps in regulating the ampli-
tude of flagellar bending12 and give adequate spacing of 
the microtubules to optimize tubulin – dynein  
interaction13 .

Adjacent microtubule doublets are connected by nexin 
links7,11  between the A and B subunits. It has been 
suggested that these are elastic elements which allow 
regulation of the shear forces during doublet sliding, or 

Dr.D.Ramesh Raja , is a post graduate in Clinical Embryology and did his  Fellowship in Clinical 
Andrology. He is India’s first person to get award in “Proficiency in Intra Cytoplasmic Sperm 
Injection” from American College of Embryology in 2015. He leads a team of talented embryologists 
and also trains young doctors in the field of Embryology. He has been invited as a speaker at national 
and international conferences.  He has done extensive research in the field of sperm and oocyte 
cryobiology and DNA fragmentation and published papers in international journals.

Abstract 

Objective: To observe the immotile spermatozoa over a period of time in semen samples to find out if they are 
immotile or resting. 

Type of study: Prospective Study

Study place: Reproductive Medicine Department, Chettinad Super Speciality Hospital.

Materials and Methods: Data collected during November 2011 to October 2012.  After routine semen analysis 
according to WHO 2010 criteria, the immotile spermatozoa in each semen sample were observed for about 
5minutes totally and recordings noted down at 2 minutes and at 5 minutes. 

Results: In 304 patients, 612 immotile spermatozoa were observed continuously for 5 minutes and the following 
was observed: 

  1.   At 2 minutes (12.7% became progressively motile and 6.6% became non-progressively motile). 

  2.  At 5 minutes (10.1% became progressively motile and 5.7% became non progressively motile).

Conclusion:  We observed that some spermatozoa noted to be immotile at some point, might pick up motility at a 
later point of time. These spermatozoa may be resting spermatozoa, which may resume motility later on. This is a 
pilot study and we are continuing to study more spermatozoa for the same observation. 

Key Words: Immotile Spermatozoa, Resting Spermatozoa, Spermatozoa Motility.
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that they assist in the retention of axonemal symmetry 
during sliding14. It has been shown that nexin can be 
digested by elastase, causing an increase in the flagellar 
bend angle, and a concomitant decrease in flagellar 
beat frequency, suggesting that the nexin links are 
elastic elements involved in the regulation of the 
amplitude of flagellar bending12. However, it has also 
been observed that the nexin links undergo cycles of 
displacement to permit microtubule sliding which 
would suggest that their role is not purely for the 
provision of elastic recoil. It has also been proposed that 
the links regulate the spacing of the microtubules to 
optimize dynein–tubulin interaction13. The precise 
interaction between dynein and tubulin is still not clear, 
although it is known that the dynein-tubulin binding 
which allows active sliding involves the B subunit of the 
neighboring microtubule doublet, and is influenced by 
ATP15.  A subunit have a projection called radial 
spokes13,14,15 which is composed of 17 proteins. Its 
function is to attach and detach during the microtubule 
doublet sliding cycle which helps in movement as 
shown in Fig1. 

The flagellar movement takes place with the coordina-
tion of all the ultrastructures. Calcium is an important 
regulatory molecule in flagellar beating and cyclic 
adenosine monophosphate is needed for the initiation 
of flagellar movement and hence spermatozoa 
movement16,17,18,19.

Understanding the complex mechanism of motility is 
very unclear.  It is believed that motility plays a major 
role in fertilization process. While the inherent motility 
appears to be so intricate, we were fascinated by the 
observation that some spermatozoa do not remain 
immotile for extended time of watching. Hence we 
decided to present our observations of the behavior of 
immotile spermatozoa in this paper. The objective of 
this study was to observe whether an immotile sperma-
tozoon in a given semen sample remains immotile, or is 
it in resting state to regain motility later on. 

Methodology
It is a prospective study conducted at the Department of 
Reproductive Medicine, Chettinad Super Speciality 
Hospital. Patients who came for treatment between 
November 2011 to October 2012,  and whose semen 
samples were normozoospermic (304) were included 
in this study (age range: 26 to 35years). 

Inclusion criteria: Normozoospermic patients who 
underwent routine semen analysis after which the 
samples that were to be discarded ,were included for 
this study.

Exclusion Criteria:  Patients with history of vasectomy, 
increased round cells in semen, h/o smoking, alcohol 
use, high BMI, substance abuse, hypertension, 
diabetes, sample with liquefaction more than 1 hour, 
highly viscous sample, cryptozoospermic samples, total 
asthenozoospermic samples and samples collected 
after 7days of abstinence period were excluded from 
the study. 

Semen Collection and analysis
The patients were instructed to abstain from 
ejaculation for 2-7 days before producing the semen 
sample. All men were instructed to collect semen by 
masturbation into a sterile, clean wide mouth collection 
container in the laboratory collection room. They were 
also advised to refrain from using any lubricants or 
drugs for facilitating ejaculation.

Semen analyses were performed in accordance with 
the guidelines of the “World Health Organization” 2010 
for semen analysis by a single observer.  Semen samples 
were kept for liquefaction, for not more than 
60minutes at 370 C before analysis. Spermatozoa were 
counted in Makler Chamber (SEFI Medical Instruments 
Ltd). The sperm motility was assessed after liquefac-
tion by grading the sperm cells as progressive, 
non-progressive and immotile. The methodology of 
assessing motility was done according to WHO 2010 
manual. The Kruger “Strict Criteria” determined sperm 
morphology scores.

Method of standardization for analyzing 
the immotile spermatozoa
Semen analysis was performed according to WHO 2010 
by focusing in one 40x field and the microscope was 
attached to monitor connected with the camera 
(Figure 2). 

Fig 1 - Cross section of the flagellum

Fig 2 - Setup for observing immotile spermatozoa 
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The same immotile spermatozoa were observed for a 
total of 5minutes, readings were noted at 2minutes first 
and then at 5minutes.On an average of 2 to 3 
immotile spermatozoa from single field were observed 
from each sample.

The values were noted and to rule out observer bias, 
other five embryologists confirmed observation at the 
same time, who also observed and noted the findings.

Results

In 304 patients, total of 612 immotile spermatozoa were 
observed continuously for 5 minutes and in which the 
total of 216(35.2%) spermatozoa regained motility 
when observed for 5 minutes. 

The following was observed (Fig 3): 

 1. At 2 minutes (12.7% became progressively
 motile and 6.6% became non- progressively 
 motile). 

 2. At 5 minutes (10.1% became progressively 
 motile and 5.7% became non- progressively 
 motile).

Discussion
Motility is one of the inherent biological characteristics 
of a spermatozoon. It is still unclear when motility is 
initiated for spermatozoa following their release into 
the lumen of seminiferous tubule. But motility of the 
spermatozoa becomes critical at the time of fertilization 
because it allows or at least facilitates passage of the 
sperm through the zona pellucida4. During our routine 
semen analysis, sperm motility gives an insight for the 
choice of treatment for the couples. From our study we 
have observed that, motile spermatozoa may go 
through a resting phase and they may resume motility 
later on. Single step observation parameters do not 
remain constant while assessing the motility; semen 
analysis may have to be repeated at varying periods of 
time at the same sitting to reconfirm the motility index 
of the spermatozoa. If we assess a sample as 
asthenozoospermia, time variable analysis may give us 
different motility and increase in motility percentage 
can happen. We need to observe single motile 
spermatozoon continuously to get more information 
regarding the assessing motility at different times. 
Since this is a pilot study and we are extending our 
study for more samples to reiterate our observation on 
the motility behavior of the spermatozoa. This may 
have a therapeutic implication on the selection of the 
motile spermatozoa for Intra Cytoplasmic Sperm 
Injection (ICSI), particularly when it is a severely asthe
nozoospermic semen sample.

Conclusion
The immotile spermatozoa in the semen sample may be 
at rest for few seconds. Inherent motility of a spermato-
zoon is difficult to assess at a single point of time during 
the routine semen analysis.

The authors declare no conflict of interest

Total No of Immotile Spermatozoa Observed : 612

No of spermatozoa became progressive

No of spermatozoa became non progressive

Fig 3 - Number  of motile spermatozoon after 2 and 5 
minutes observation

As observation of the immotile spermatozoa was 
interesting, we further decided to observe the motility 
behavior of the motile spermatozoa. So we further 
observed 25 motile spermatozoa in same set of patients. 
They were observed for a period of 30 minutes and we 
found that 12 motile spermatozoa stopped moving for 5 
– 10 seconds after which they regained motility. 

Limitations of the study
It was a pilot study with a small sample size and also 
limited period of observation.
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Introduction
PCOS is a heterogeneous disorder which results from 
interaction of multiple genes along with environmental 
factors. Body weight plays a pivotal role in reproductive 
neuroendocrinology. Both significant weight gain and 
weight loss affects the reproductive axis. Ovulatory 
dysfunction is responsible for subfertility in 20-40% of 
women1. Polycystic ovarian syndrome (PCOS) is the 
commonest ovulatory disorder accounting for 60-85% 
of anovulatory patients and the commonest 
endocrinopathy in women of reproductive age 
group2,3. 

Polycystic ovarian morphology in an ultrasound is seen 
in 20-33% of normal women4. Therefore, the presence 
of polycystic ovaries alone is not significant, and the 
diagnosis is made by the Rotterdam’s criteria5. 

The European Society for Human Reproduction and 
Embryology (ESHRE) and the American Society for 
Reproductive Medicine (ASRM) in 2003 laid down the 
criteria for diagnosing PCOS - the Rotterdam criteria. 
At least 2 of the following 3 features should be present:

Oligo-ovulation or anovulation manifested as oligome-
norrhea or amenorrhea. Hyperandrogenism (clinical 
evidence of androgen excess) or hyperandrogenemia 
(biochemical evidence of androgen excess).
Polycystic ovaries as defined on ultrasonography (12 or 
more follicles, each measuring 2-9mm in diameter, 
ovarian volume >10cm³).

There are various theories regarding the pathophysiol-
ogy of this multisystem disorder, as depicted in Figure 
1, and newer factors are identified regularly, claiming to 
play a role in its etiopathogenesis. 

The coexistence of obesity and PCOS is commonly 
seen, but the exact pathogenesis involved in patients 
with low and normal BMI with PCOS is yet to be 
identified6. Studies have proposed genetic disorder of 
insulin action and abnormalities of insulin secretion as 
the cause for PCOS in these patients7,8. The purpose of 
this study is to propose that weight gain is the major 
precipitating factor for polycystic ovarian syndrome, in 
all categories of BMI, because it is becoming a common 
trend to see non-obese women with PCOS in our daily 
practice. 

Dr.Puvithra completed her graduation from Annamalai University with internship at CMC Vellore 
in the year 2007. She has done her DNB in Obstetrics and Gynaecology. She is currently a Fellow in 
Clinical Andrology and Reproductive Medicine at Chettinad Super Speciality Hospital. Her area of 
interest is Polycystic Ovarian Syndrome.

Abstract 

Objective: To evaluate if weight gain is a risk factor for the development of polycystic ovarian syndrome (PCOS) 
in a genetically susceptible patient, irrespective of the BMI. 

Study design: A retrospective study. Study Group: Female patients who presented to our infertility clinic and 
fulfilled the inclusion criteria. 

Study Setting: Department of Reproductive medicine, Chettinad Super Speciality Hospital. 

Study period: January 2014 - December 2014. 

Results: A total of 172 patients were included in this study, among whom 107 patients had PCOS and the rest had 
other causes of infertility. The patients were distributed in the BMI categories of normal, overweight and obese. 
Out of the 107 patients who had PCOS, 104 (97.2%) had a history of minimum 4.5% gain in weight from their 
earlier weight after adolescence, following which they developed oligo (or) anovulation or clinical hyperandro-
genism. The association between weight gain and PCOS was assessed by plotting the data in a 2x2 contingency 
table and p value was calculated using a Chi-Square test, which showed a significant association (Chi square test 
- 72.629 with 1 degree of freedom, p value - <0.0001).  

Conclusion: From the above observation, we arrive at a hypothesis that weight gain could probably be the major 
precipitating factor for development of polycystic ovarian syndrome in genetically susceptible women, 
irrespective of their BMI.

Key Words: Polycystic ovarian syndrome (PCOS), BMI, Weight gain, Oligo/anovulation, Hyperandrogenism, 
Polycystic ovarian morphology.
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The treatment is primarily based on the symptom the 
woman presents with, like ovulation induction for 
anovulation and infertility. The concern is that the 
primary pathology is left untreated, and the hyperinsu-
linemia and hyperandrogenemia in these women 
prevail during pregnancy and is attributed to numerous 
pregnancy and neonatal complications.

Studies have shown that 5–10% weight loss causes 
significant clinical benefits improving psychological 
outcomes, reproductive features (menstrual cyclicity, 
ovulation and fertility) and metabolic features (insulin 
resistance and risk factors for CVD and T2DM)9. 
Therefore, the converse that weight gain could trigger 
the development of these symptoms, maybe applicable 
too.  

Materials and Methods
In this retrospective study, data was collected from the 
records of subfertile women who attended the 
Department of Reproductive Medicine, Chettinad 
Super Speciality Hospital, from January 2014 to 
December 2014.

During primary evaluation, a detailed menstrual history 
and history of weight gain and duration was obtained 
from all patients who presented to our department. 
These details are recorded in the case sheet. Patients 
who were uncertain about their weight gain were 
excluded from the study. Routine gynecological 
examination was done and their BMI noted. Clinical 
evidence of hyperandrogenism noted, if present. Most 
of the patients undergo a basal ultrasound examination 
on Day 2 of their menstrual cycle, and presence of 
polycystic ovaries documented. Those who did not 
have an ultrasound examination in our department 
were excluded from the study. Women were 
considered to have PCOS if they fulfilled the 
Rotterdam's criteria.

Women who had a previous term pregnancy were 
excluded from the study, as the normal weight gain 
during pregnancy can interfere with the results. Those 
who had other confounding factors like alternative 
causes of anovulation (eg.  hypothyroidism or 
hyperprolactinemia), recent laparoscopy and ovarian 
drilling, recent treatment with Metformin or long term 

intake of hormonal pills until recent past were also 
excluded from the study.

Results 
A total of 172 patients were included in this study, 
among whom 107 patients had PCOS and the rest had 
other causes of infertility, like unexplained or male 
factor infertility. It was possible to obtain the weight 
gain pattern in the non-PCOS group also, as it was 
practiced as a routine to elicit the history and include it 
in the case records. 

Figure 2a shows the educational qualification of all 
women included in the study. As seen in the figure, all 
patients are educated and were therefore able to 
elaborate on their weight gain pattern. Figure 2b shows 
the occupation of the women in the PCOS group.

They were divided into groups as shown in Table 1, and 
the same was plotted in a 2x2 contingency table. It is 
appreciable from the tables that majority of women in 
the study group had gained weight after adolescence, 
and thereafter developed PCOS. The minimum weight 
gain observed in the study was 4.5%, at a given point of 
time.  Out of the 107 women with PCOS, 104 (97.2%) 
had a history of weight gain after adolescence. The BMI 
of women in all groups were comparable, and there 
was no predilection towards higher BMI noted in PCOS 
patients. 

Fig 1 - Pictorial representation of various theories proposed

Table 1 - Distribution of women in the groups and 
their baseline characteristics  
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The patients in the study group were classified into 
different BMI categories, according to the WHO 
criteria - normal BMI, overweight and obese, as shown 
in Figure 2c. Out of the 126 women who gained weight 
82.5% developed PCOS, which suggests a probable 
genetic predisposition to PCOS in those 104 patients.
 
There was no lean woman with PCOS in this group. As 
seen in the figure, 31.73%  of these women had a normal 
BMI, 49.04% were overweight and only 19.23% were 
obese, contradicting the general presumption that 
PCOS is commonly seen in obese women. 

Statistical analysis was done using Chi-square test with 
Yates correction (72.629 with 1 degree of freedom). 
There was a significant association between weight 
gain and PCOS (p value - <0.0001).

Another interesting observation was that, among those 
who gained weight, a considerable number had gained 
weight after marriage, during a minimum duration of 1 
year and the rest during college days, as shown in 
Figure 2d. 

In another study done at our department, we observed 
that 79.5% of women who presented to our depart-
ment, had gained weight after marriage, irrespective of 
the weight of male partner10.

Discussion
Body weight of an individual is determined at concep-
tion (genetic) and in-utero (external influences). 
Studies have shown that environmental influences 
account for about 25% of the birth weight variance and 
genetic influences account for 38–80% birth weight 
variance11. When there is a change in this predestined 
weight, the human metabolic and endocrine systems 
try to acclimatize to this change by producing more or 
less hormones and enzymes which contribute to the 
development of metabolic syndrome. 

Burghen GA et al, identified the presence of hyperinsu-
linemia and thereby suggested the presence of insulin 
resistance in patients with PCOS12. It is considered as 
the fundamental metabolic alteration which leads to the 
heterogeneous disorder. The same study showed the 
concurrent presence of hyperandrogenism in these 
patients. This hyperinsulinemia could have been an 
indirect consequence of hyperglycemia due to the 
sedentary life style or inappropriate dietary habits in 
these patients. Barker's hypothesis on fetal origin of 
adult diseases was followed by the thrifty phenotype 
hypothesis, where it was suggested that poor nutrition 
in early life leads to permanent changes in glucoseinsu-
lin metabolism13,14. Similarly, studies  have shown that 
when small for gestational age children try to catch-up 
growth by increasing their growth velocity above the 
50th  percentile, they are at higher risk of developing 
obesity, Type 2 diabetes and cardiovascular 
complications15,16.

In this study, 31.73% of women had a normal BMI, 
49.04% were overweight and only 19.23% were obese, 
contradicting the general presumption that PCOS is 
commonly seen in obese women. The salient 
occurrence in all these women was weight gain after 
adolescence. With these observations and related 
studies mentioned above, it is apparent that an 
individual's weight is programmed in-utero, and the 
relative gain in weight is responsible for the metabolic 
derangements, which leads to PCOS (Figure 3,4). In 
the sequence of events, Leptin is also found to play a 
role. Leptin is secreted primarily from white adipose 
tissue, although it is present at several other sites, 
including the ovary17. Leptin stimulates LH secretion, as 
ascertained by correction of LH pulses following Leptin 
administration in women with fasting-induced HPO 
axis dysfunction18. Therefore, an increase in adipose 
tissue, increases the circulating Leptin levels and 
thereby alters the HPO axis. Leptin also exerts direct 
effect in all ovarian cells and seems to have a 
physiological regulatory effect in folliculogenesis19. 

Fig 2a - Educational Status                                                                      l    Fig 2b - Occupation of women in PCOS group

Figure 2c - BMI distribution of women who had 
weight gain and PCOS

Figure 2d - Period when weight gain occurred
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Thus, increased circulating Leptin and insulin, both an 
aftermath of increased adipose tissue, directly or 
indirectly cause derangements in the ovarian follicular 
activity and thereby the ovulatory function.  

Limitations
The study is done in an infertility clinic and not in the 
general population, which could probably affect the 
results. Larger prospective studies following up 
women from menarche are required to conclude that 
weight gain is the precipitating factor for the 
development of PCOS, but the feasibility of conducting 
such studies is questionable.

Though we are not aware of the presence or absence of 
polycystic ovaries in these patients before the weight 
gain, previous studies have shown that polycystic 
ovarian morphology in an ultrasound is seen in 20-33% 
of normal women4.  Therefore, just the presence of 
ultrasound features is not tantamount to the presence 
of the syndrome.  In this study, additional features like 
irregular cycles have developed after a substantial 
event, that is, weight gain. Moreover, patients with 
anovulation due to other causes were excluded and 
PCOS being the commonest cause of anovulation, it 
can be considered that these women developed PCOS 
following weight gain. 
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Fig  3 & 4 - Cascade of metabolic events

Fig  3 Fig  4

Fig  5 - Flow-chart showing the probable pathogenesis and the interventions in PCOS women
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Conclusion
Our study group had women belonging to all 
categories of BMI. We observed that a highly 
significant group of women with normal as well as high 
BMI, developed oligo (or) anovulation and features of 
hyperandrogenism following a distinct event, which is 
weight gain. Moreover, many observational studies 
have noted that weight loss is associated with improved 
spontaneous ovulation rates in women with PCOS20. 
Therefore, the converse may equally be applicable too.

Thus, with the aid of previous studies and our data, we 
arrive at a hypothesis that weight gain could probably 
be the major precipitating factor for the development 
of Polycystic ovarian syndrome in a genetically suscep-
tible patient, irrespective of their BMI. And therefore 
all patients shall be counseled for lifestyle modification 
and thereby weight reduction, which should be the 
primary target and initial  treatment mode. Focusing on 
the consequences (as shown in Figure 5), would only 
lead to a transient alleviation of symptoms and not 
correct the intrinsic pathology and thereby does not 
prevent pregnancy complications or long-term health 
consequences.
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Introduction
Sepsis continues to be a major cause for intensive care 
unit admission and mortality in the developed and 
developing world. In fact, as much as 20-30% of admis-
sions in ICU have severe sepsis1. Fluid therapy either 
alone or in combination with vasopressors continues to 
be among the mainstays of management of patients 
with septic shock. However till date there remains 
considerable debate regarding the targets and 
endpoints of fluid resuscitation, ideal fluid to be admin-
istered, heamodynamic goals to be achieved and 
quantity of fluid to be administered.

A landmark study by Rivers et al2 advocated early goal 
directed fluid therapy in the initial six hours of septic 
shock targeting specific hemodynamic endpoints of 
central venous pressure, mean arterial pressure, urine 
output and central venous oxygen saturation to reduce 
mortality and severity of organ dysfunction.This led to 
adoption of guidelines targeting aggressive fluid resus-
citation in sever sepsis patients in the subsequent 
surviving sepsis guidelines. However more recent trials 
published since then (ProCESS, ARISE, ProMISe) have 
reported no mortality benefit with early  goal directed 
fluid therapy3-5. The increased de-emphasis on central 
venous pressure guided fluid therapy had led to 
revision of the 6-hour bundle in septic shock6. This 
review attempts to have a relook at the emerging 
evidence regarding fluid resuscitation in sepsis 
patients, and tries to highlight the latest areas of 
research and controversies.

Monitoring fluid responsiveness
The goal of fluid resuscitation in septic shock patients is 
to optimize cardiac output and organ perfusion. While 
suboptimal fluid resuscitation in severe sepsis patients 
can worsen end organ dysfunction and increase 
vasopressor requirements, excess of positive fluid

balance can also have deleterious consequences6,7. 
Hence researches have focused on finding the subset of 
patients with sepsis who would benefit the most from 
fluid resuscitation,the so called “fluid– responders”. 
Fluid responsiveness has been defined as  those 
patients who would respond with a 10-15% increase in 
cardiac output following 250 ml or 3ml.kg-1 of crystal-
loid infused over 10-15 minutes8. Patients who respond 
positively can be given additional boluses  of fluid till 
the response is attenuated. Alternatively a mini fluid 
challenge test, which involves infusing 100 ml of 
crystalloid over 1 minute, can also be used10. It has 
shown good sensitivity and specificity of 95% and 78%, 
respectively, with an area under the receiver operating 
characterizing curve (AUC ROC) of 0.92 [95% confi-
dence interval (CI): 0.78– 0.98].

Static Parameters
Historically central venous pressure was used to guide 
fluid therapy. However, subsequent evidence found 
central venous pressure to be a very poor indicator of 
volume status and requirement of fluid therapy10. The 
use of Pulmonary artery catheterization has shown a 
steady decline owing to its invasiveness and complica-
tions associated with its use11. The major criticism of 
static parameters is their inability to predict whether 
the heart is operating on the steep or flat position of the 
Frank-Starling’s curve.

The poor reliability of static parameters in assessment 
of volume status has generated increased interest in 
research and clinical application of dynamic indices of 
fluid responsiveness to guide fluid therapy in the septic 
patient.

Dynamic Parameters
Dynamic indices of fluid responsiveness rely on the 
heart lung interactions that occur during the respiratory 
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Abstract 

Fluid resuscitation is one of the cornerstones of management of patients with severe sepsis. However consider-
able controversy remains when it comes to deciding the targets and endpoints of resuscitation, hemodynamic and 
microcirculatory goals to be achieved , and nature and amount of fluid to be administered. The article briefly 
addresses the various aspects of fluid resuscitation in sepsis,and attempts to highlight the recent evidences and 
areas which hold promise for future research.
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cycle. The inspiratory increase in intrathoracic pressure 
during positive pressure mechanical ventilation leads to 
a decreased right ventricular preload (due to decreased 
venous return) and an increased right ventricular 
afterload (due to increased transpulmonary pressures). 
Decreased RV ejection translates to a decreased left 
ventricular filling and cardiac output after 2-3 beats 
during expiratory phase. The cyclical fall in LV stroke 
volume during expiration and rise during inspiration is 
aggravated in a patient with pre-existing hypovolemia.

Dynamic parameters such as Stroke volume variation 
(SVV) and pulse pressure variation (PPV) make use of 
the phasic changes in cardiac output during respiration 
to assess fluid responsiveness. Since arterial pulse 
depends on cardiac output PPV correlates well with 
changes in LV stroke volume12. A cut-off value of 13% 
for PPV can predict fluid responsiveness with a sensi-
tivity of 94% and specificity of 96%(AUC ROC of 0.94 
and 0.84 for PPV and SVV) 14,15.

The Pleth Variability Index” (PVI) (Masimo Corpora-
tion, Irvine, CA) relies on the dynamic changes in 
plethysmographic amplitude and peak that occurs 
during a respiratory cycle.The PVI can predict fluid 
responsiveness noninvasively in mechanically venti-
lated patients who do not have an arterial line in situ15. 

Limitations
Dynamic indices of preload responsiveness are not 
without limitations. They are unreliable in presence of 
spontaneous breathing efforts making it essential for all 
breaths to be delivered mechanically. They require 
large tidal volumes(>8ml.kg-1) rendering them invalid 
during low tidal volume lung protective ventilation. 
Finally they are unreliable in the presence of 
arrhythmias or high heart rate, which are quite 
common in the critically ill16-18. All these factors limit 
their usefulness in ICU patients making them more 
useful in the operation theatre.

Echocardiographic Indices
Currently Echocardiography is considered as the first 
line in the hemodynamic assessment of any patient with 
shock and can be used for assessment of fluid 
responsiveness19. Both transthoracic and transesopha-
geal echocardiography can be used for the purpose. 
While static measures of cardiac chamber volume and 
filling pressures have the same limitations as other 
static measures of volume responsiveness, it is the 
dynamic markers that have achieved reliability and 
reproducibility in managing septic shock patients. 
Echocardiography can be used to measure LV stroke 
volume using pulsed wave Doppler by multiplying the 
velocity time integral (VTI) by LV outflow tract 
diameter. The VTI is estimated by tracing the area of 
subaortic blood flow in pulsed Doppler and represents 
the distance travelled by red blood cells during systole. 
Since the aortic outflow tract diameter remains 
constant changes in VTI has been used to predict fluid 
responsiveness20-21.

An excellent applicability of aortic blood flow velocity 
in predicting fluid responsiveness is the Passive Leg 
Raising (PLR) test. A form of reversible autotransfu-
sion, PLR relies on venous return from 

the legs and abdominal compartment during a 45 
degree leg elevation and the consequent changes in 
aortic blood flow velocity measured by esophageal 
Doppler.The test has excellent value in predicting fluid 
responsiveness in the critically ill patients, area under 
the receiver operating characteristic curve of 0.9522.

Respiratory variations in inferior venacava diameter 
imaged by transthoracic echocardiography have also 
been used to differentiate between fluid responders 
and non-responders. Patients with distensibility index 
of inferior venacava (dIVC) greater than 18% were 
most likely to respond to fluids (90% sensitivity and 
90% specificity)23. The collapsibility of the SVC 
imaged by trans esophageal echocardiography can be 
used alternatively.

Of the various echocardiographic modalities, PLR is the 
easiest to perform and has stood the test of time. A 
>10% change in aortic blood flow velocity following a 
PLR test predicts fluid responsiveness with a sensitivity 
of 97% and a specificity of 94%.In comparison. A 
similar 12% change in pulse pressure following a PLR is 
easier to perform but has a significantly lower sensitiv-
ity (60%) and specificity (85%)24. Though not as 
reliable as VTI ,yet non availability of bedside echocar-
diography or inadequate technical expertise in 
performing echocardiography makes pulse pressure 
change following PLR a more practical and attractive 
option for assessing fluid responsiveness. Recently a 
5% change in End tidal CO2 was found to reliably 
predict a fluid induced increase in Cardiac Index greater 
than 15 % with sensitivity of 71 % (95 % confidence 
interval: 48-89 %) and specificity of 100% 
(82-100)%25. This might be an attractive option as 
EtCO2 monitoring is widely available and requires no 
expertise.

Microcirculatory dysfunction in Sepsis
Optimization of blood pressure and cardiac output 
remains the broad goals of hemodynamic resuscitation 
in septic shock. However even achieving target mean 
arterial pressure and cardiac output values have often 
failed to reverse the end organ dysfunction that 
accompanies inadequate tissue perfusion. Researches 
have focused on analyzing the microcirculatory flow in 
small blood vessels. Impaired microcirculatory flow 
may persist despite normalization of MAP or CO.

The ProCESS study is a case in point, which
demonstrated resuscitation based on clinical 
parameters of urine output, skin mottling, mental status 
and lactate levels had the same mortality and end organ 
dysfunction as more advanced hemodynamic indices3.

While normalizing microcirculatory dysfunction 
remains an attractive endpoint of fluid resuscitation, 
finding an appropriate tool to assess and treat microcir-
culatory dysfunction is still elusive. The lactate 
clearance over the first 12 hours of resuscitation has 
been evaluated as a potential marker for effective 
resuscitation with favorable results26,27. Normalization 
of lactate levels has been correlated with reduced 
mortality28. Splanchnic circulation is often 
compromised during the early stages of sepsis-induced 
hypoperfusion to maintain blood supply to the vital 
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organs. Determination of gastric mucosal pH by gastric 
tonometry has been used to assess the adequacy of 
splanchnic circulation. It has proven to be useful in 
critically ill, trauma and patients with acute 
pancreatitis29-31. Other methods of assessing tissue 
perfusion such as near infrared spectroscopy and 
sidestream dark field imaging have been tried in 
critically ill, but limited availability restricts their 
use32-35.

Ideal fluid in sepsis
Fluid resuscitation is central to management of patients 
with sepsis. However the choice of fluid is still a matter 
of considerable debate. While recent evidence favours 
the use of crystalloids over colloids like hydroxyethyl 
starch/pentastarch, there has been no conclusive 
evidence to choose between crystalloids and 
albumin36-41.

Crystalloid versus Colloid versus albumin
In the CHEST trial, patients admitted to the ICU were 
randomized to receive either 6% HES (molecular 
weight 130 kD , molar substitution ratio 0.4) in 0.9% 
sodium chloride  or 0.9% normal saline.7% patients in 
the HES group required renal replacement therapy 
compared to 5.8% patients in the normal saline 
group39. Renal failure due to hydroxyethyl starch was 
more for 200kd and substitution ratio of >0.4 which are 
not in production any more. Pentastarch use was also 
associated with a trend towards increased 90 day 
mortality in another study40.

The landmark SAFE study recruited 6997 critically ill 
patients to receive normal saline or 4% albumin for 
upto 28 days of admission. There was no difference in 
mortality between the two groups37. However in the 
subgroup of patients with severe sepsis albumin use 
was associated with reduced mortality. This additional 
benefit with albumin could be due to its 
anti-inflammatory and anti-oxidant profile. In addition, 
it protects the endothelial glycocalyx layer which acts as 
the key barrier to trans-vascular fluid efflux. The recent 
surviving sepsis guidelines favour the use of albumin as 
replacement of crystalloids as part of fluid 
resuscitation.

The landmark SAFE study recruited 6997 critically ill 
patients to receive normal saline or 4% albumin for 
upto 28 days of admission. There was no difference in 
mortality between the two groups36. However in the 
subgroup of patients with severe sepsis albumin use 
was associated with reduced mortality. This additional 
benefit with albumin could be due to its 
anti-inflammatory and anti-oxidant profile. In addition, 
it protects the endothelial glycocalyx layer which acts as 
the key barrier to trans-vascular fluid efflux. The recent 
surviving sepsis guidelines favour the use of albumin as 
replacement of crystalloids as part of fluid 
resuscitation. 

The ALBIOS trial did not show any benefit of albumin 
over crystalloids37. There was no difference in 28 day 
and 90 day mortality in patients receiving 20% albumin 
targeted to a serum albumin concentration more than 
30g/litre. Albumin may have a probable role in large 
volume fluid resuscitation as replacing

albumin creates better fluid balance.The questionable 
mortality benefit of albumin in outcomes needs to be 
considered in addition to its significantly higher cost 
when used in resuscitating septic shock patients.

The Ideal Crystalloid
While crystalloids may be better than colloids when it 
comes to fluid resuscitation, considerable difference 
exists between different crystalloid formulations. 
Historically 0.9% normal saline was considered as the 
fluid for resuscitation. However supraphysiological 
concentrations of chloride and sodium makes normal 
saline far from an ideal fluid for resuscitation. Excessive 
infusion of normal saline is associated with a reduction 
in strong ion difference (SID) and resultant hyperchlo-
remic metabolic acidosis.The hyperchloremia has 
detrimental effects on renal blood flow by promoting 
profound intrarenal vasoconstriction42. In addition it 
has proinflammatory effects, reduces neutrophil 
chemotaxis, impairs macrophage function and worsens 
heamodynamic instability43.

The balanced crystalloid solutions have a composition 
more physiological akin  to plasma and may be benefi-
cial in large volume resuscitation.They do not lower 
body SID and may produce transient alkalemia.In a 
study comparing acetate and lactate based ringers 
solution in patients undergoing gynaecological 
surgery,both the fluids were equivocal in terms of 
haemodynamic stability and use of vasopressors.The 
acetate based solutions however produced a greater 
stability in plasma SID44.

Amount of fluid:
The optimal amount of fluid for resuscitation in sepsis 
patients remains unknown. While earlier studies 
reported a mean volume of 3-5 litres to reach the target 
of early goal directed therapy, more recent studies 
report lower volumes of 2-3 litres2-4. While liberal fluid 
resuscitation is essential in septic shock excess injudi-
cious fluid administration can have detrimental effects 
of its own45. Patients having ARDS with sepsis in 
particular may benefit from a restrictive fluid 
protocol.

In conclusion, fluid resuscitation stands as one of the 
cornerstones of effective management of sepsis. 
However the clinical context needs to be examined 
closely before starting resuscitation. An early onset of 
fluid resuscitation within 6 hours of sepsis onset seems 
beneficial. It also seems prudent to assess clinical signs 
of adequate tissue perfusion during resuscitation in 
addition to reaching predetermined hemodynamic 
targets, as microcirculatory dysfunction is increasingly 
being recognized as a major factor causing end organ 
dysfunction. The choice of fluid seems to be between 
balanced crystalloid solutions and albumin. The signifi-
cantly higher cost of albumin and lack of measurable 
mortality benefit might restrict its use to resuscitations 
requiring large volume replacements. Normal saline 
and starch based solutions have clearly fallen out of 
favour due to their purported adverse effects. Dynamic 
indices of fluid responsiveness and echocardiographic 
modalities should be used to identify the subgroup of 
sepsis patients who would benefit the most from 
aggressive fluid resuscitation.
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Introduction
Fluid management in infants and children is of
importance as they are sensitive to small degrees of 
dehydration. Before going ahead with the topic of fluid 
management it is important to discuss basic physiology 
of fluid composition in children and the various 
terminology used in this context. Adult human body 
comprises of 60% water out of which two third is 
intracellular and rest is extracellular. This is in contrast 
to term neonates in whom 80% of body weight is 
water. The majority of fluid is in extracellular 
compartment, contributing to 45% of body weight in 
term neonates and 30% by the age of 1 year1. The 
higher proportion of water in extracellular 
compartment makes them more susceptible to fluid loss 
intra operatively. The extracellular fluid comprises of 
intravascular plasma volume and interstitial volume. A 
physiologically non-functional “third space” or 
trans-cellular space is also a part of the extracellular 
space. It results from transudation of fluid from the cells 
and extracellular space. Recently the significance of 
intraoperative third space loss and its resuscitation with 
crystalloids has been questioned in adult patients.

Fluid requirement
The fluid requirement in children is based upon the 
calorie expenditure which is turn depends on body 
weight or surface area. For every one kilo calorie of 
energy consumed one ml of water is required. Holliday 
and Segar in 1957 published an article regarding 
prescription of intravenous fluids in children which still 
forms the basis of fluid administration all over the 
world. They described that the physiologic deficits 
from urine output and insensible loss from skin and 
respiratory tract amounts to 100ml per 100 kcal 
metabolized per day. Based upon  the metabolic 

requirements of awake hospitalized children they 
proposed the following daily fluid intake depending 
upon body weight. For children weighing up to 10 kg it 
is 100ml/kg, in the 11-20 kg group 1000ml+50ml/kg 
for each kg in this range and for children above 20kg it 
is 1500ml+20ml/kg for each kilogram above 20 kg2. 
This can be easily translated into the 4-2-1 rule for 
hourly fluid requirement used today (Table 1). 
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Abstract 

Fluid management in the perioperative period is of vital importance to both anaesthesiologists and surgeons to 
optimize the health and to prevent complications in children. It is similar to a drug prescription whose composition 
and volume must be tailored to patient’s physiological status, the extent of surgical procedure with ongoing losses 
and fluid shifts and postoperative course of events. Recent literature and studies have challenged the periopera-
tive routine use of hypotonic fluid and glucose supplementation due to their side effects. This review focuses the 
basics of perioperative fluid management in children and the limitations of previously used fluid guidelines and 
provides recent recommendations.
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Weight

<10 kg

10-20 kg

>20 kg

Hourly fluid
requirements

4ml/kg
40 ml+2 ml/

kg above 10 kg

60 ml+1ml/
kg above 20 kg

Daily fluid
requirements

100 ml/kg

1000 ml+50ml/
kg above 10 kg

1500 ml+25 ml/
kg above 20 kg

Table 1 - Hourly and daily maintenance fluids
according to child’s weight

The decrease in fluid demand with increasing age of the 
child is due to reduction in calorie expended for 
growth. The daily electrolyte requirements were 
depending upon the composition of human and cow’s 
milk. The daily requirement for sodium was 3mEq/ 
100kcal/day and 2 mEq/100kcal/day for potassium 
and these are met by the hypotonic fluids like 0.2% 
normal saline with 5% dextrose. These recommenda-
tions were meant only for maintenance needs and did 
not cover the deficits and abnormal loss of water2. Thus 
blind application of these formulas which are meant to 
treat the children in nonoperative settings may results 
iatrogenic injury to children undergoing surgery. 
Recent studies have found that usage of hypotonic 
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Intraoperative Fluids
Intraoperative fluid requirement consists of hourly 
maintenance requirement, replacement of preopera-
tive deficits and the surgical loss. The loss in surgical 
field can be in form of blood loss or as third space loss. 
Blood loss is replaced by three times the volume of 
crystalloid and in equal ratio with colloid. Third space 
loss refers to the sequestration of fluid to a 
non-functional extracellular space that is beyond 
osmotic equilibrium with the vascular space9,10. It is 
assumed to result from surgical trauma to cell mem-
branes leading to hypoxic injury and loss of membrane 
integrity. In paediatrics it has been proposed to range 
from 1ml/kg/hr in minor surgical procedures to 50 
ml/kg/hr in neonates undergoing surgery for 
necrotizing enterocolitis6. The concept of third space 
has been debated in adult population. A recent review 
of perioperative fluid therapy in adults concluded that 
the classic “third space” does not exist11. Overloading 
with crystalloid and iatrogenic deterioration of vascular 
barrier results in fluid accumulation in interstitial 
space11. In fact several studies in adults undergoing 
abdominal surgery have found improved outcomes 
with conservative fluid strategy in preoperative 
period12,13,14. In the paediatric population there is little 
evidence regarding this topic. There is a possibility that 
generous fluid supplementation for third space could 
be deleterious for patients. Goal directed administra-
tion of crystalloid or colloid to optimize flow related 
variables like stroke volume can alter the incidence of 
postoperative complications15,16,17,18.  Similar studies in 
paediatric patients using esophageal doppler, pulse 
contour analysis, or mixed venous oxygen saturation to 
guide fluid management are lacking. Some important 
aspects which need attention are meticulous de airing 
of syringes and intravenous administration set, 
warming the intravenous fluids to body temperature 
and usage of burette set/paediatric drip set or infusion 
pumps for careful titration of fluids especially in young 
infants.

Perioperative Dextrose Requirement
Perioperative hypoglycaemia and hyperglycaemia can 
lead to complications in paediatric patients. Severe 
hypoglycaemia if not diagnosed and treated in time can 
cause permanent neurological impairment. Even mild 
hypoglycaemia (blood glucose < 45mg/dl) combined 
with mild hypoxia or ischemia can result in cerebral 

crystalloids in  perioperative period which is also 
associated with high levels of stress induced anti 
diuretic hormone (ADH) release can lead to hypona-
tremic encephalopathy, neurological deficits and even 
death3,4,5. Hyponatremia is often unrecognised and 
most common complication related to fluid therapy in 
children in post-operative period. 

Perioperative Fluid Requirements
Routinely intraoperative fluids are administered to 
replace the preoperative deficits, meet the mainte-
nance requirement and ongoing losses depending on 
the type of surgery6. The prolonged preoperative 
fasting as a traditional practice resulted in dehydration 
from insensible loss and urine output. In 1975, Furman 
et al proposed that preoperative deficits can be 
calculated by the hourly maintenance rate multiplied 
with numbers of hours the patient was kept nil per oral 
(NPO)7. They suggested to replace half of this deficit in 
first hour and rest of the deficit over next two hours of 
surgery. In 1986, Berry simplified the guidelines as per 
the age of child and the severity of surgical trauma 
(Table 2). The universal liberal preoperative fasting 
guidelines recommended by the American Society of 
Anesthesiologists (ASA) (Table 3) allows the intake of 
clear oral liquids upto 2 hours pre operatively. 

Adherence to this practice minimized preoperative 
dehydration in elective surgeries. None the less it is 
important to emphasize that preoperative deficits 
should be carefully assessed in emergency setting 
where ongoing fluid shifts or blood loss are significant. 
Estimation of degree of dehydration resulting from 
vomiting, diarrhoea or fever can be done using clinical 
signs and weight loss. The most important sign of 
normal hydration is kidney function8 and therefore 
monitoring of urine output is essential for evaluating 
and treating any fluid deficit. The rate of fluid adminis-
tration depends on the extent and rapidity of dehydra-
tion. In dehydrated paediatric patients needing resusci-
tation a bolus of Ringer Lactate 20ml/kg should be 
administered intravenously followed by repeat boluses 
in cases with severe dehydration6. It is important to 
replace fluid losses with normotonic and iso-osmolar 
fluids as the pathological fluid losses are always isotonic 
to plasma. Crystalloid solutions like Ringer lactate or 
normal saline are preferred and even colloids can be 
used. The goal of fluid resuscitation is to maintain 
cardiovascular stability, organ perfusion and adequate 
tissue oxygenation.

First hour  plus no 3 below
Age 3 years and under – 25ml/kg
Age 4 years and over – 15ml/kg 

All other hours (plus no 3)
Maintenance +Trauma = basic hourly fluid
Maintenance volume = 4ml/kg/hr
Maintenance +mild trauma = 6ml/kg/hr
Maintenance +moderate trauma = 8ml/kg/hr
Maintenance +severe trauma =10ml/kg/hr

Blood replacement 1:1with blood or colloid or 3:1 
with crystalloids

Table 2 - Guidelines for fluid administration of 
balanced salt solution in children according to the 
age and to the severity of tissue trauma47

1)

2)

3)

Ingested material 

 Clear liquids 

Breast milk

Infant formula

Nonhuman milk

Light meal 

Minimum fasting period (hours)

 2

4

4(<3 month)-6 (>3 month)

6 

6

Table 3 - Fasting guidelines for elective surgery46
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lactate. The patient subset at high risk of hypoglycae-
mia are neonates, infants of diabetic mothers, malnour-
ished children, children on parenteral nutrition and 
those with endocrinopathies in whom blood sugar 
should be monitored and rate of infusion also 
adjusted21,6,23. As dextrose gets metabolized by body it 
does not contribute to the tonicity of crystalloid and 
infusion of just dextrose containing fluids is practically 
similar to infusing water.

Choice of crystalloids 

Crystalloids are the fluids commonly preferred to treat 
absolute or relative blood volume deficits observed 
during surgery in children. The low cost, lack of effect 
on coagulation or risk of anaphylaxis and transmission 
of infectious agents are the advantages crystalloids 
have over colloids. Most commonly used crystalloids 
are normal saline or ringer lactate as they have an 
osmolarity near to the physiological range (Table 4).

injury19. The incidence of hypoglycaemia in preopera-
tive period has been shown to up to 2.5%. This  
incidence of hypoglycaemia is common after prolonged 
fasting periods, much beyond ASA recommendations 
on preoperative fasting. Strict adherence to ASA 
guidelines minimises the risk perioperative hypogly-
caemia. In healthy children undergoing surgery, 
routine intraoperative supplementation of 5% dextrose 
is not recommended as the resulting hyperglycaemia 
itself can lead to various complications. Hyperglycae-
mia can result in osmotic diuresis leading to dehydra-
tion and electrolyte abnormalities20,21. It also has 
detrimental effect on nervous system especially in the 
presence of hypoxia when anaerobic metabolism of 
glucose causes accumulation of lactate, decrease in 
intracellular pH and compromised cellular function 
leading to cell death22. Nowadays growing consensus is 
to go for intraoperative selective supplementation of 
glucose in only those patients who are at greatest risk of 
hypoglycaemia and also to use fluid with lower 
dextrose concentrations of 1% or 2.5% with ringer 

weight of 69 kDa and is available in 5% and 25% 
solution. Albumin causesvolume expansion by translo-
cation of fluid from interstitial space to intravascular 
space such that 5% albumin solution is osmotically 
equal to similar volume of plasma. But in patients with 
sepsis, critical illness, trauma and burns who have 
increased vascular permeability, the leakage of colloids 
into interstitial space may worsen oedema. Side effects 
include weak anticoagulant effect resulting from 
inhibition of platelet aggregation or heparin like effect 
on antithrombin III if volume replacement exceeds 
more than 25% of blood volume and risk of allergic 
reactions29,30. Data in support of using albumin for fluid 
resuscitation in children are lacking and it has found to 
be harmful in those with traumatic brain injury31. In 
certain subgroup of patients like neonates and children 
undergoing cardiac surgery it has been found to be 
useful32,33.

Hyrdoxyethyl starch are a class of non-protein 
synthetic colloid derived from modified natural 
polysaccharides. The substitution of hydroxyl group at 
carbon position C2, C3 and C6 by hydroxyethyl group 
makes them resistant to hydrolysis by circulating 
amylases. They are classified depending on their 
concentration, weighted average mean molecular 

It is recommended that the fluid used intraoperatively 
in children should be iso-osmolar to plasma to avoid 
hyponatremia and also include metabolic anions 
(acetate, lactate or malate) as bicarbonate precursors to 
prevent hyperchloremic acidosis especially in 
neonates24,25.   If the requirement of crystalloids 
exceeds the amount of 30-50ml/kg body weight, a 
colloid solution may be indicated to maintain intravas-
cular oncotic  pressure26. A recent practice guideline 
from the Dutch paediatric society concluded that in 
view of limited number and quality of paediatric 
research studies the recommendations for volume 
expansion should be made based on side effect, 
mechanism of action and cost of intravenous fluids. 
Thus isotonic saline was recommended as safe, effec-
tive and 100 times less expensive than albumin27.  

Colloids use in children
Colloids can be either natural protein colloids like 
albumin or synthetic colloids like hydroxyethyl starch, 
dextran and gelatins. Depending upon their chemical 
and pharmacokinetic properties they have different 
impact on hemodynamic parameters.
Albumin is the naturally found colloid and is considered 
as the colloid “gold standard”28. It has a molecular 

Table 4 - Common crystalloids and their composition 
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This hyponatremia results primarily  due to extra renal 
loss of electrolytes, the elevated levels of antidiuretic 
hormone (ADH) activity and administration of hypo-
tonic fluids. Hyponatremia causes osmotic movement 
of free water across cell membranes from extracellular 
to intracellular compartment and most seriously affects 
brain. All children are more susceptible to cerebral 
oedema due to the differences in ratio of intracranial 
capacity to brain size, cerebrospinal fluid volume and 
brain water and electrolyte content. The early symp-
toms like lethargy, headache and nausea vomiting are 
vague in nature and are commonly seen in postopera-
tive period. A respiratory arrest may be the event point-
ing towards identification and treatment of hypona-
tremia. In a meta-analysis comparing hypotonic versus 
isotonic fluids in all hospitalized patients, hyponatremia 
was 17 times more commonly seen in patients receiving 
hypotonic versus isotonic fluids43.  In 2007, the national 
safety agency of the United Kingdom issued an alert 
recommending removal of 4% dextrose with 0.18% 
saline from general use in children44. They recom-
mended usage of isotonic fluids with monitoring 
electrolytes and urea and /or creatinine at baseline and 
once daily in any child who receives intravenous fluids.

Conclusions
Isotonic fluids are essential to maintain homeostasis 
intra operatively. Routine dextrose supplementation is 
no longer needed except in neonates and certain other 
patients who also need monitoring of blood glucose. 
More studies are needed in paediatric population to 
define optimal fluid management especially in major 
abdominal surgeries. Similarly the safety and outcomes 
of synthetic colloid usage in children needs to be 
studied. A rational, goal directed combination of both 
crystalloid and colloid therapy similar to that in adults is 
the need of hour. The routine use of hypotonic fluids in 
postoperative period should be strictly avoided and 
more awareness needs to be created regarding the 
early detection of hyponatremia and its treatment and 
prevention.

weight in kilo Dalton and also by their molar substitu-
tion (MS) and C2:C6 ratio. The incidence of side 
effects and degree of volume expansion are in 
proportion to molecular weight and molar substitution 
ratio. Coagulation abnormalities due to interference 
with Von Willibrand factor, factor VIII and platelets, 
renal injury due to renal tubular swelling and pruritus 
resulting from accumulation in the skin are the side 
effects more often observed with older generation 
HES34,35,32. Newer generation HES have low molecular 
weight and molar substitution ratio to reduce side 
effects and high C2:C6 hydroxylation ratio to prolong 
the duration of action (4-6 hours). A European 
prospective multicentre, observational, post authoriza-
tion safety study to evaluate safety of HES (130/0.42) 
for perioperative replacement in children found no 
serious drug adverse drug reactions when infused with 
mean volumes of 111±4.8ml/kg36.  The side effects 
noted were decrease in the anion gap as well as 
increase in the chloride concentration. This could mask 
a high anion gap acidosis signifying acute renal failure 
or sepsis during surgery37.

Gelatins are polypeptides produced by degradation of 
bovine collagen. Their molecular weight is approxi-
mately 30-3500 Da which is lower compared to other 
colloids. The resulting increase in blood volume is less 
than the volume infused due to rapid but transient 
passage into interstitial space, rapid glomerular 
filtration and susceptibility to cleavage by proteases. 
This results in need of repeated infusions, fortunately 
there is lack of gelatin dose limitation. Gelatins have 
also been found to effect TEG values and should be 
used with caution in patients with bleeding 
tendencies38. In a Cochrane review of early volume 
expansion in preterm infants, use of gelatin or no 
treatment was associated with an increased risk of 
developing necrotizing enterocolitis when compared 
with FFP39.

Dextran is a water soluble glucose polymer synthesized 
by specific bacteria from sucrose. The current formula-
tions are 10% dextran 40 and 6% dextran70. The 
number denotes molecular weight in kilo daltons. The 
higher molecular weight results in delayed renal 
excretion and accounts for longer duration of volume 
expansion. They result in dose dependent Von 
Willibrand syndrome and enhanced fibrinolysis more 
with higher molecular weight dextrans. Other side 
effects include ARF in patients with acute ischemic 
stroke and anaphylactoid reactions as a result of 
dextran reactive antibodies40,41. The current recom-
mendation is to limit the use of dextran to 20ml/kg/ 
day in children.

Postoperative Fluid Therapy
Oral intake is usually allowed in first three postopera-
tive hours in most paediatric patients undergoing minor 
surgeries. In cases where oral intake is delayed intrave-
nous fluid therapy should be administered to provide 
for basic metabolic requirements and also compensate 
for losses through nasogastric tube, drains and 
additional loses (e.g. fever). Hyponatremia is the most 
frequent electrolyte disorder in the postoperative 
period. Severe hyponatremia (<120-125 mmol/l) may 
result in transient or permanent brain damage42,43.
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Active life means long life

In a study conducted by Centers for Disease Control and Prevention (CDC), 3000 subjects were 
fitted with ultrasensitive accelerometers to record the body movement for 7 days. The activity data 
collected during this period was correlated with mortality among the study subjects over the next 
8 years. Five times more deaths were recorded among the least active when compared with the 
most active subjects. Even extra 10 minutes of light activity such as walking around or washing 
dishes or sweeping the floor appeared to make a significant difference. If you want to live long, it 
makes a lot of sense to lead a physically active life. But if you like everything short and sweet, 
munching popcorn while watching a soap-opera on TV will do. Results of the study are published 
in the latest edition of the journal “Medicine & Science in Sports & Exercise”.

- Dr. K. Ramesh Rao

Uterine Transplantation

Uterine factor infertility is an irreversible condition that affects between 3 and 5 % women 
globally. Until now, surrogacy offered the only hope for such women. All that has changed in the 
last decade. First successful uterine transplantation was carried out in Sweden. Since then 11 
transplants have been performed globally. This has led to five pregnancies and four successful 
deliveries. The latest country to join the band wagon is US. In Cleveland Clinic, the first uterine 
transplant in US was successfully carried out during a nine hour long surgery. The recipient is 
apparently doing very well. (http://my.clevelandclinic.org/about-cleveland-clinic/newsroom/ 
r eleases-videos-newsletters/2016-2-25-cleveland-clinic-performs-nations- first-uterus-
transplan)

- Dr. K. Ramesh Rao
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Introduction
Eagle’s syndrome is a rare clinical condition which is of 
interest to the dentists and ENT surgeons. The limita-
tion in knowledge about this particular syndrome can 
be the reason for less clinical exposure to this condition. 
It is also considered a field of interest for dentists, as the 
surgical correction for this particular condition is often 
done by an intraoral approach. This paper gives a 
complete overview on Eagle’s syndrome with 
appropriate differential diagnosis to be 
considered when encountered by dentists.

Normal Anatomy
Location: The styloid process is a thin bony projection 
of the petrous temporal bone which lies anterior to the 
stylomastoid foramen. Normally, it measures around 25 
mm – 28 mm in length, but might vary from person to 
person and even from one side to the other. The styloid 
process projects forward, downward, and slightly 
medially with the tip of the process located between 
the internal and external carotid arteries. It lies
posterior to the tonsillar fossa and lateral to the 
pharyngeal wall1.

Attachments: The styloid process along with its 
attachments is called the Styloid Apparatus. Three 
muscles and two ligaments are attached to the process. 
The muscles are - the stylopharyngeus (from the base 
of the process; innervation: glossopharyngeal nerve), 
the stylohyoid (attached to the middle portion; 
innervation: facial nerve), and the styloglossus (arising 
from extremity of process; innervation: hypoglossal 
nerve). The two ligaments are - the stylomandibular 
ligament (from the apex of the process attaching at the 
angle of the mandible), and the stylohyoid ligament 
(from the apex of the process attaching at the lesser 
cornu of the hyoid bone)1.

Embryological Considerations
Eagle’s Syndrome may occur due to a stylohyoid chain 
ossification. This chain consists of the styloid process, 
the stylohyoid ligament and the lesser cornu of the 
hyoid bone. The stylohyoid chain is a derivative of the 
second branchial arch (hyoid arch) arising from the 
Reichert’s cartilage. In many mammals, this cartilage 
gives rise to a series of four bony parts: the 
tympanohyal, stylohyal, epihyal and ceratohyal. In 
humans, it is believed that the tympanohyal part fuses 
with the stylohyal and petrous part of the temporal 
bone and ossifies to form the styloid process. Normally, 
the epihyal cartilage degenerates but its fibrous sheath 
remains; this sheath is the stylohyoid ligament. The 
ceratohyal or hypohyal cartilage calcifies and becomes 
the lesser cornu of the hyoid bone1.

Synonyms of Eagle’s Syndrome
Elongated styloid process syndrome, Mineralized 
Elongated Styloid Process (MESP), Styloid process and 
carotid artery syndrome, Stylohyoid syndrome, Styloid 
process neuralgia, Stylalgia1,2.

History and Epidemiology
Literature reveals that in 1652, Pietro Marchetti identi-
fied an elongated styloid process formed due to ossifi-
cation of a portion of the stylohyoid ligament. 
However, in 1937 it was otorhinolaryngologist Watt 
Weems Eagle who first defined Eagle’s syndrome as an 
arbitrary entity related to an elongated styloid process 
formed due to mineralization of the stylohyoid 
ligament complex. He divided it into two subtypes: the 
"classic syndrome" and the "stylo-carotid artery 
syndrome”3.

Dr.R. Christeffi Mabel completed her Graduation and Post graduation from TamilNadu Dr.M.G.R 
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Abstract 

Eagle’s syndrome was first proposed by an otorhinolaryngologist Watt Weems Eagle in the year 1937. Eagle’s 
syndrome occurs due to the ossification of the stylohyoid chain and patients with Eagle’s Syndrome may present 
with a history of pain in the tonsillar region, dysphagia and pain on turning the head, foreign body sensation in the 
throat and referred otalgia. Extra oral radiographs like panoramic radiographs, lateral head and neck radiographs 
aid in the diagnosis of this syndrome, followed by surgical management to relieve the clinical symptoms.

Key Words: Styloid Chain, Pain in the Throat, Stylohyoid Syndrome.
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Types
Eagle primarily described two subtypes of the 
syndrome:

Management
Surgical shortening is the universally accepted 
treatment for an elongated styloid process. Multi- 
disciplinary management yields optimal results; some 
studies have recommended an intraoral approach (i.e., 
trans-tonsillar fossa excision)1. In this, an incision is 
made anterior to the tonsillar fossa and the tip of the 
styloid process is exposed via blunt dissection. This 
dissection is carried out as proximally as possible to the 
styloid process, ultimately leading to the removal of the 
elongated part. Complete exposure and thus complete 
excision of the styloid process are often not possible 
with this approach, although the excised component is 
almost always sufficient to relieve symptoms5.

It has been accepted that intraoral approach or 
trans-tonsillar fossa excision is advised only if the distal 
tip of the styloid process can be palpated in the tonsillar 
fossa. Some advantages of intraoral approach are that it 
is a simple procedure with less operative time, no 
external scar formation and does not result in greater 
morbidity than a routine tonsillectomy. Disadvantages 
are inadequate surgical shortening of the styloid 
process due to poor visualization of the surgical field, 
possible injury of nearby neurovascular structures, and 
risk of deep neck space infection1,3.

Styloidectomy can also be performed by the extra-oral 
approach. This is done by making an incision that 
extends from the mastoid process along the 

Classical styloid syndrome: This subtype occurs 
due to fibrosis around the tip of the elongated 
styloid process following tonsillectomy, causing 
distortion of the cranial nerve endings in the 
tonsillar bed and presents with sensation of 
foreign body in throat, pain on deglutition and pain 
in the throat2. It is characterized by pharyngodynia 
localized in the tonsillar fossa and is sometimes 
accompanied by dysphagia, odynophagia, hyper 
salivation and rarely by temporary voice changes4.

The stylo-carotid syndrome: This subtypes is not 
correlated with tonsillectomy and is due to the 
compression of the internal and/or the external 
carotid arteries, especially their perivascular 
sympathetic chain in the carotid sheath by the 
ossified ligament or tip of the styloid process, 
resulting in an incessant pain irradiating in the 
carotid zone2,4.

1.

2.

Clinical features and Examination
Diagnosis requires a thorough clinical examination of 
the head and neck and should be confirmed radio 
graphically. Patients with Eagle’s Syndrome may 
present with a history of pain in the tonsillar region, 
dysphagia, pain on turning the head, foreign body 
sensation in the throat, referred otalgia and persistent 
pain in the carotid territory. Duration of patients’ symp-
toms generally range from 8 months to 37 months 
(average: 14 months)3.

Examination of the styloid region can be performed by 
seating the patient in a chair with firm back support. 
Palpation of the styloid region of the neck is done 
bimanually and digitally standing behind the patient. 
Intraoral examination method includes visualizing the 
tonsillar region with a tongue blade or mouth mirror1. 
This is followed by digital palpation of the tonsillar 
fossa, which may reveal a bony formation. Palpation 
may exacerbate pain aggravating symptoms with local 
tenderness4. The diagnosis can be confirmed by 
infiltration of local anesthetics into the tonsillar bed, 
which alleviates the pain3. This acts as a chair-side 
diagnostic test for Eagle’s syndrome. 

Radiographic Features and classification
Radiographic evaluation helps to confirm diagnosis and 
subsequently precedes the treatment required. 
Different types of imaging have been used for the 
diagnosis of Eagle’s syndrome. These include 
panoramic radiographs, lateral head and neck 
radiographs, Towne’s view radiographs, lateral oblique 
radiograph of mandible, antero-posterior head 
radiograph and computed tomography (CT)3.  Recent 
advancements like cone – beam computed tomography 
(CBCT) imaging technique are preferred for a three 
dimensional visualization of the elongated styloid 
process. Langlais et al proposed a radiographic classifi-
cation of the mineralized elongated styloid process. 
This included three types of elongation and four 
patterns of calcification or mineralization as shown in 
Table 1 and 21.

Types of elongation

Elongated 

Pseudo articulated / 
Pseudo segmented

Segmented 

Characteristics

Uninterrupted elongation 
(>25- 28 mm) 

Less frequent type;
the styloid  process is joined to 

the mineralized stylohyoid ligament 
by a single pseudo-articulation 

Consists of short /long non-
continuous portions of the styloid 
process or interrupted segments 

of mineralized ligament

Table 1 - Types of elongation

Patterns of calcification

Calcified outline 

Partially calcified

Nodular complex 

Completely Calcified 

Characteristics

Similar to the radiographic 
appearance of a long bone with 
a thin radiopaque cortex and a 

central lucency constituting most 
of the process

Thicker radiopaque outline, with 
almost complete opacification

 as well as a small, discontinuous 
radiolucent core 

It has a scalloped outline and may be 
partially or completely calcified 
with varying degrees of central 

lucency – like nodules 

This pattern is totally radiopaque 
with no radiolucent inner core

Table 2 - Patterns of Calcification
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sternocleidomastoid to the level of the hyoid, then up 
across the neck to the midline of the chin. This 
approach is aesthetically less pleasing with more 
morbidity compared to the intra-oral route6. However, 
the extra oral cervical approach was preferred because 
surgical visualization was optimal and the risk of deep 
cervical infection was minimal.

The external approach is favoured by N. Asherson 
(1957) and Moffat et al. (1977) while the intraoral 
approach via tonsillar fossa is advocated by Eagle 
(1949)3.  Dentists must weigh the advantages and 
disadvantages of each technique and select the 
appropriate procedure for the patient.

Differential Diagnosis
Patients with an underlying Eagle’s syndrome may be 
examined by a surgeon, a dentist, a neurologist, and a 
psychiatrist, often receiving various modalities of 
treatments that do not relieve the symptoms and cloud 
the clinical picture. This is because of its vagueness of 
symptoms and the infrequent clinical observation 
which are often misleading.

Stylalgia is misdiagnosed or often overlooked as a 
possible diagnosis in cases of vague cervicofacial pain. 
A variety of head and neck conditions should be 
considered in the differential diagnosis of Eagle’s 
Syndrome and cervicopharyngeal pain7. These include 
temporomandibular disorders, glossopharyngeal 
neuralgia, trigeminal neuralgia, migraine-type 
headaches, sphenopalatine neuralgia, cervical arthritis, 
temporal arteritis, possibilities of projected pain caused 
by inflammation of the eustachium and middle ear 
(otitis), parotid diseases, carotidynia, impeded 
eruption of the upper and lower impacted or retained 
wisdom teeth, and possible tumours. Other pathology 
should be eliminated by a careful medical history, 
clinical and radiographic examination2,7.

Several syndromes should also be considered which are 
marked by the symptom of pain in the same region and 
whose symptoms are occasionally very similar to those 
of the styloid process syndrome. They include:  a. 
Costen's syndrome; b. Trotter's syndrome; c. Miofa
cial painful syndrome2.

Thus, awareness of the differential diagnosis of Eagle’s 
syndrome helps in handling the cases in a more 
professional manner in order to diagnose the condition 
accurately.

Conclusion 
Oro-facial pain is a vague condition with a number of 
differential diagnosis. Thorough and adequate 
knowledge on the subject is of utmost significance in 
diagnosis of orofacial pain. Eagle’s syndrome is often 
missed by the general dental practitioners causing 
diagnostic dilemma and unnecessary expenses for the 
patient by undergoing a wide array of diagnostic 
radiographs. Hence, a deep insight on this particular 
topic is essential to consider Eagle’s syndrome when 
pain is experienced in the submandibular region, base 
of the tongue or neck.
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Introduction
Pulmonary embolism is a potentially lethal 
complication and accounts for many cases of  post 
operative deaths each year. The signs and symptoms of 
pulmonary embolism are not specific; it is difficult to be 
diagnosed in elderly population.  One-thirds of the 
deaths due to pulmonary embolism occur within an 
onset of 20 minutes, and if untreated embolic episode 
occurs in most of the patients1.   Although the primary 
cause of pulmonary embolism is deep vein thrombosis 
and emboli originating from the leg or pelvic veins , it  
may also be caused by amniotic fluid , fat, arthroplasty 
cement, air, and bone marrow2. Patients with trauma, 
particularly to the long bones and pelvis, who are bed 
ridden and immobile for a prolonged period of time are 
at greatest risk of developing venous 
thromboembolism.  The following case report 
describes the anaesthetic events  and management of a 
patient posted for posterior stabilization of burst 
fracture lumbar vertebrae (L1) who developed  pulmo-
nary embolism immediately  following induction of 
anaesthesia and endotracheal  intubation.

Case Report
A thirty-four year-old male with   burst fracture L1 
following  road traffic accident was scheduled for 
posterior stabilization. The patient presented with 
complaints of  neck pain, inability to move both lower 
limbs, bowel and bladder incontinence with no other 
comorbid illness. Airway examination showed  
Mallampati class I  with a thyromental distance of 7cm, 
and full range of neck movement.  Preoperative 
hemoglobin was 15.2gm/dl  and hematocrit was 
46.4%. Electrolytes and coagulation profile were 
within normal limits. Patient was adequately premedi-
cated and shifted to operating room on the day of 
surgery.

In the operating room, standard monitoring of heart 
rate, non invasive blood pressure, oxygen saturation 
were monitored.  His pre operative blood pressure was 
110/70 mmHg, heart rate 90/min, respiratory rate 
16/min, oxygen saturation on room air was 100%. 
Anaesthesia was induced with inj.glycopyrrolate 
0.2mg, inj.midazolam 1 mg, inj.fentanyl 100 mcg, 
inj.propofol 140 mg and inj.vecuronium 6 mg. Oral 

intubation with an 8.0 mm I.D flexometallic endotra-
cheal tube was successful, bilateral air entry equal with 
end tidal carbondioxide 35 mmHg.  He was started on 
volume control mode of ventilation with tidal volume 
of 500ml, rate of 10/min, I:E ratio 1:2, airway pressure 
14 cmH2O.  

One minute after commencing ventilator support, the 
patient’s saturation decreased to 82%, blood pressure  
70/50 mmHg, heart rate 120/min. Fluid resuscitation  
with 500 ml crystalloids and inj.ephedrine 6mg was 
administered intravenously.  The saturation remained 
80-86% even with 100% oxygen. After two minutes, 
heart rate was 100/min, and blood pressure was 
100/70mmHg. Arterial blood gases revealed pH of 
7.19, PCO2 of 60 mmHg, and PaO2 of 70 mmHg. The 
end-tidal carbon dioxide showed 17 mmHg on the 
capnograph.The position of the endotracheal tube was 
reconfirmed for any inequality in lung ventilation or any 
added sounds to rule out bronchospasm. ECG on 
monitor showed ST segment depression with T wave  
inversion and poor progression of R waves, Echocardi-
ography showed left atrial enlargement, right 
atrium/right ventricle mildly dilated, normal biven-
tricular function, left ventricular ejection fraction 65%, 
pulmonary artery pressure 45mmHg. Ventilatory 
support was continued and patient shifted to ICU for 
further management. Venous Doppler showed deep 
vein thrombosis involving left popliteal vein extending 
into posterior tibial vein. The diagnosis was confirmed 
by CT  pulmonary angiogram (Fig1)  which showed  
intravascular filling defect associated with complete 
vascular occlusion  of  both pulmonary vessels.  

Dr.N.B.Pavish did his graduation from Sri Manakula Vinayagar Medical College at Pondicherry. He 
is currenty pursuing post graduation in Anaesthesiology at Chettinad Hospital & Research Institute.

Fig1 - CT  pulmonary angiogram shows pulmonary
              embolism
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An inferior vena caval filter was inserted. Surgical 
procedure was postponed in view of pulmonary embo-
lism. After    6 hours postoperative ABG showed severe 
respiratory acidosis with metabolic alkalosis. A thera-
peutic dose of inj. enoxaparin 80mg IV every 12 hours 
was started. On first post op day ABG showed respira-
tory acidosis with metabolic alkalosis, fraction of 
inspired oxygen was increased to 80%.On the second 
postoperative day, arterial blood gases revealed pH of 
7.45, PCO2 of 37. 1mmHg, PO2 of 93.6mmHg, and 
oxygen saturation of 98% on FIO2  0.4.  The trachea 
was extubated on third post op day. On fourth post op 
day patient was shifted to ward , low molecular weight 
heparin was continued and  leg compression stocking 
were placed to prevent clot formation.Subsequently 
the fracture was treated  conservatively.

Discussion
Diagnosing pulmonary embolism is clinically challeng-
ing during intra operative period and is more often 
missed, being an incidental autopsy finding. The 
survival rate of pulmonary embolism is very poor with 
three month mortality being 17.1%. The outcome 
depends upon degree of vascular obstruction and 
associated right ventricular strain. In severe pulmonary 
obstruction, the right ventricle needs to generate a 
systolic pressure over 50 mmHg to maintain adequate 
cardiac output. About 85% of deaths due to massive 
pulmonary embolism occurs within the first 6 hours3. 
The main goal of treatment in massive pulmonary 
embolism is to improve the forward flow and to reduce 
the afterload in right ventricle, so as to avoid right 
ventricular failure.

The intravascular thrombus occludes the pulmonary 
vasculature and increases pulmonary humoral vasocon-
strictors release which further increase pulmonary 
vascular resistance. Increasing the patency of pulmo-
nary artery cross sectional area is the main aim of 
treatment in massive pulmonary embolism4. The meas-
ures to prevent the pulmonary obstruction are through 
thrombolysis, clot fragmentation and clot removal. The 
modality of treatment selection depends upon, hemo-
dynamic stability of patient, risk of bleeding and the 
characteristic of thrombus. Traumatic patients who are 
immobilized are more prone to thromboembolitic 
events including pulmonary artery embolism secondary 
to deep vein thrombosis5. The predisposing factors are 
prolonged immobility, obesity, fracture involving 
pelvic bone or long bone fracture and prolonged 
surgery. The clots mainly get dislodged on mobilizing 
the patient and cause pulmonary embolism. Intraopera-
tive features of pulmonary embolism are sudden 
unexplained  hypotension, hypoxaemia, bronchospasm 
and a decrease in end tidal carbondioxide levels. The 
patient in our case report had paraplegia secondary to 
lumbar fracture and prolonged immobility. Since the 
patient was not started on deep vein thrombosis 
prophylaxis the embolic event occurred immediately 
after induction and intubation of the patient. The 
patient had tachycardia, hypotension, decreased 
saturation and end tidal carbondioxide levels.

Deep vein thrombosis is a well recognized problem 
following trauma to long bone fracture and pelvic 
fracture. The accepted modalities to prevent deep vein  

thrombosis are unfractioned heparin, low molecular 
weight heparin, or fondaparineux6. In addition antico-
agulants are started in patients suspected to have deep 
vein thrombosis7. Deep vein thrombosis prophylaxis 
reduces the mortality rate from 30% to 10%. Non 
pharmacological methods like leg compression stock-
ings may be used in patients with low risk of deep vein 
thrombosis8. Inferior venacaval filter is used in patients 
with high risk of recurrent pulmonary embolism9. Post 
operatively this patient was started on low molecular 
weight heparin for one week, leg compression stocking 
were placed while the patient was on bed rest to 
prevent further clot formation. 

Conclusion
Immobilized patients with long bone fracture are a 
population at high risk for pulmonary emboli than other 
patients.  The mortality following a pulmonary embo-
lism depends on several factors, including the size of 
the embolus, the number of arteries blocked, and the 
overall health of the patient. Thorough screening and 
prophylactic actions to prevent deep venous thrombo-
sis and consequent pulmonary emboli should be 
directed in all patients. 
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Introduction
Trauma during pregnancy, including head injury is a 
leading cause of maternal death and morbidity and 
complicates 6%-7% of all pregnancies. Early aggres-
sive maternal resuscitation is the main priority. The 
specific anatomic and physiologic changes that occur 
during pregnancy may alter the response to injury and 
hence necessitate a modified approach to the resuscita-
tion process. The main principle guiding therapy must 
be that resuscitating the mother will resuscitate the 
fetus1. Fetal safety during anaesthesia should be 
considered but mother’s life is always at priority.A 
multidisciplinary team approach is mandatory and 
management should be individualized according to the 
type and extent of injury, maternal status, gestational 
age, and fetal status2.

Case Report
A 30 year old pregnant women G4A3 at 37 weeks + 3 
days gestation presented to casualty with history of 
head injury and loss of consciousness following road 
traffic accident. No significant past medical or surgical 
history. On examination in the casualty, she was hemo-
dynamically stable with poor Glasgow coma scale score 
3/15 (E1,  V1, M1), and both pupils were dilated and 
non-reactive to light. Dolls eye movement was present. 
No other injuries were clinically detected.  

Patient was intubated with oral cuffed endotracheal 
tube size 7 in view of her poor GCS. CT brain revealed 
bilateral frontal lobe contusion with left fronto 

temporal acute sub dural haemorrhage with midline 
shift. Craniotomy and evacuation of haematoma was 
decided as a life saving measure. Patient had a full term 
viable fetus as suggested by ultrasound but had features 
of fetal distress. Therefore it was decided to do LSCS 
followed by craniotomy.

Anaesthetic Management
Patient was shifted to OT. ECG, heart rate, blood 
pressure and temperature were monitored. Anaesthe-
sia was maintained with Air, O2, Isoflurane mixture and 
muscle relaxation was accomplished with intermittent 
IV boluses of vecuronium 1mg. 

Obstetrician performed LSCS and a baby boy of 2.6 kg 
was delivered with APGAR 7/ 10 , 8/10 (0 min, 5min). 
After delivery of the baby, Patient was given Inj Fenta-
nyl 100mcgIV, Inj Oxytocin 20 units as slow infusion. 
Immediately neurosurgeons started bifrontal 
craniotomy and evacuation of  subdural haematoma 
was done.

IV fluids were administered according to calculated loss 
along with 3 units of PRBC with  urine output at 70 
ml/hr. Intra-operatively patient was hemodynamically 
stable. Following completion of both the operations, 
patient was shifted to ICU with ETT in situ and was kept 
on mechanical ventilation. Subsequently patient was 
weaned off and tracheostomy was done on post op 
day4. Patient recovered well and was later shifted to a 
hospital in her native place for nursing care (Fig 1).

Dr.P.Karthik is doing Post Graduation in the Department of Anaesthesiology, Chettinad Hospital &  
Research Institute. He finished his Bachelor of Medicine and Bachelor of Surgery in SRM 
University, Chennai. He has presented paper and poster in State Anaesthesia Conference. 

Fig 1 - CT Brain Showing Bilateral Frontal Lobe Contusion with Left Fronto Temporal Subdural Haematoma
with Midline Shift
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Discussion
The primary management goals were optimal maternal 
resuscitation and early fetal assessment2. A CT Brain is 
always indicated in all head-injured patients with a 
depressed level of consciousness. Though sensitivity        
to radiation is greater especially during 1st trimester, it 
should not be withheld on the basis of its potential 
hazard to the fetus. We used a lead apron to shield the 
abdomen during CT to minimise radiation3.

The fetus should be assessed during or immediately 
after maternal stabilization, and viable fetus should be 
monitored continuously. Emergency cesarean delivery 
is indicated in the presence of fetal distress or suspected 
placental abruption.

Vaginal delivery after a recent neurosurgery is danger-
ous due to the deleterious effects of labor pain, uterine 
contractions, and straining on intracranial pressure 
(ICP) and cerebral blood flow3.In our patient there 
were signs of fetal distress and hence LSCS was 
performed immediately followed by craniotomy.

Postpartum hemorrhage from uterine atony remains a 
risk during the subsequent neurosurgery because of 
the use of high doses of inhalational volatile anaesthet-
ics. Isoflurane appears to be the least potent uterine 
relaxant of the volatile anesthetics and it is also one of 
the inhalation agent of choice in neurosurgery1.To 
prevent uterine atony after cesarean delivery, we 
reduced MAC of isoflurane to 0.6 – 0. 8.
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Mannitol 100mg was given to reduce ICP. Oxytocin had 
been used without complications after delivery in 
patients   with various neurological diseases so we used 
oxytocin 20 U as slow infusion. 

Ergometrine is a potent vasoconstrictor, producing a 
hypertensive response that may further elevate ICP and 
prostaglandins F2 alpha effects on ICP have not been 
studied2, so both were avoided.

Conclusion
The pregnant trauma patient presents a unique 
challenge because care must be provided for two 
patients, the mother and the fetus. Acute circumstances  
demand immediate, multidisciplinary management.  
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No need for sperms; stem cells will do!

Male infertility is widely prevalent and is responsible for the failure of married couple to have 
children in about a third of all cases of infertility. Male infertility is often the result of a defective 
sperm generation due to failure of meiosis or the reduction division during spermatogenesis. 
Although the germ cells have been created in the lab from the stem cells for some time now, 
creation of a fully functional sperm in the lab has so far been hindered by the inability to induce 
meiosis in vitro. Now a group of scientists from Nanjing Medical University in China have not only 
overcome that hurdle to create functionally perfect sperm from mouse embryonic stem cell but 
also injected that into mouse egg cell to produce fertile mouse offspring. If the result can be 
repeated in humans, it will be a boon to a section of infertile couple.The study is published in the 
journal Cell Stem Cell (Complete meiosis from embryonic stem cell-derived germ cells in vitro, 
Quan Zhou et al., Cell Stem Cell, do: http://dx.doi.org/10.1016/j.stem.2016.01.017, published 
25 February 2016.)

- Dr. K. Ramesh Rao

Plums prevent bone loss

One of the major health concerns for those exposed to ionising radiation, like patients on radio-
therapy, radiation workers and astronauts, is excessive bone loss. Ionising radiation induces bone 
loss through oxidative damage and by increasing bone resorbing osteoclasts. In a new study 
carried out in mice, the researchers tried antioxidant cocktail, dihydrolipoic acid, ibuprofen and 
dried plum independently for their ability to suppress the expression of genes connected to bone 
resorption. Of all the candidates tried, dried plum turned out to be the most effective in suppress-
ing bone resorption linked genes like Nfe2l2, Rankl, Mcp1, Opg and TNF-alpha. So, dietary supple-
mentation of dried plum may help in preventing radiation induced bone loss. The study is 
published in Science Reports (Schreurs AS, Shirazi-Fard Y, Shahnazari M, Alwood JS, Truong TA, 
Tahimic CG, et al. Dried plum diet protects from bone loss caused by ionizing radiation. Sci Rep. 
2016; 6:21343.)
- Dr. K. Ramesh Rao
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Introduction
Perioperative hypotension is a common problem, 
however its incidence is largely unknown. There are 
evidences suggesting  that incidence of myocardial 
adverse events in the postoperative period may be 
linked to the prolonged episodes of perioperative 
hypotension. There are few comprehensive resources 
available in the literature regarding diagnosis and 
management of these common clinical outcomes, 
especially  in non-cardiac surgery1. Perioperative 
myocardial ischemia is associated with significant 
morbidity and mortality, 50% of postoperative deaths 
are due to cardiac complications, ischemia being the 
major problem amongst them1. It is an emergency 
which poses a unique challenge to the anaesthetist in its 
management. We report a case of intraoperative 
myocardial ischemia in an elderly patient with multiple 
comorbidities who underwent orthopaedic hip 
surgery. Intraoperative myocardial ischemia was 
diagnosed on time and managed successfully.  

Case Report
A 70 year old male, a known case of diabetes mellitus 
type 2 on treatment with insulin,  systemic hyperten-
sion on Metoprolol 12.5 mg OD, Telmisartan 40 mg OD 
and Furosemide 40 mg BD and coronary artery disease, 
who underwent coronary artery bypass graft 4 years 
back, with a pathological  intertrochanteric fracture of 
right femur, was admitted in the intensive care unit 
with urosepsis and acute on chronic kidney disease. He 
was managed with IV Meropenam, Dopamine and 
Noradrenaline infusions, and hemodialysis. The 
inotropes were tapered and stopped 2 days before 
surgery. He was posted for right proximal femur nailing 
after optimisation of  his general condition. 

Post dialysis lab investigations revealed hemoglobin - 
10g%, TLC - 10,500 cells/mm3, platelet count - 
2,15,000 cells/mm3, serum creatinine - 2 mg/dl, 
sodium - 134 meq/dl, potassium - 3.5 meq/dl, INR - 
1.01. ECG, X-ray chest and 2D Echo were normal. He 
was advised nil per oral 8 hours prior to surgery. On the 
morning of surgery, insulin and Telmisartan were 
avoided, Metoprolol and Furosemide were continued. 
Patient’s heart rate (HR) was 92 bpm, blood pressure 
(BP) was  130/ 90 mmHg & SpO2 100% in room air. 
The anaesthetic plan was general anaesthesia with 

controlled ventilation and lumbar epidural for 
analgesia. Under all aseptic precautions, left radial 
artery and right internal jugular vein were cannulated 
for invasive blood pressure (IBP) and central venous 
pressure (CVP) monitoring respectively. Prior to 
induction, epidural catheter was placed at L2-L3 
intervertebral space under aseptic precautions. 
Intravenous Midazolam 1 mg, Fentanyl 200 mcg were 
administered while preoxygenating the patient for 3 
minutes. He was induced with IV Thiopentone sodium 
150 mg, Vecuronium 6 mg, intubated with 8.5 mm ID 
cuffed endotracheal tube and mechanically ventilated 
in volume control mode. Anaesthesia was maintained 
with O2:N20 - 1:1, Isoflurane 0.8%, Vecuronium 1 mg 
intermittent boluses. IV fluids were administered 
according to CVP ( target of 8-10 cms H2O). HR, IBP 
and ECG were normal. After 1 hour of surgery, there 
was sudden blood loss of 1100 ml which presented as 
tachycardia and hypotension. CVP became  zero cms 
H2O, HR 148 bpm, IBP 60/30 mmHg and  ECG showed 
ST depression with multiple VPC’s. ABG revealed 
pH-7.21, pCO2-36.5mmHg, pO2-60 mmHg, HCO3-
12.2. He was managed with IV fluids- 2000 ml Ringer 
Lactate and 500 ml Hydroxyethylstarch. Inotropic 
support (Dopamine @ 10 mcg/kg/min, Noradrenaline 
@ 0.05 mcg/kg/min) was initiated as the hypotension 
was refractory to IV fluids alone. Two units of packed 
red blood cells were transfused. Ventilatory support 
was continued with 100% O2. Point of care 2D Echo 
showed  regional wall motion abnormality with global 
hypokinesia. After 30 minutes, HR settled to 90 bpm 
and BP improved to 100/60 mmHg. Surgery was 
deferred and wound closed with sutures. Postopera-
tively, ABG showed pH-7.321, pCO2-34.5 mmHg, 
pO2-108 mmHg, HCO3-16.4 and negative cardiac 
enzymes. Ventilatory support was continued in ICU 
and gradually inotropes were tapered off. Patient was 
weaned off the ventilator and extubated on the same 
day. The fracture was managed conservatively and 
patient was discharged on the 10th postoperative day.

Discussion
Sudden profound hypotension following acute massive 
blood loss can result in adverse myocardial events, 
especially in elderly patients with multiple comorbidi-
ties. Prompt recognition and early intervention can 
prevent fatal outcomes.
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Acute coronary syndrome (ACS) term denotes a group 
of clinical symptoms with acute myocardial ischemia; it 
also includes ST segment elevation (STEMI), non ST 
segment elevation (NSTEMI) myocardial infarction 
and unstable angina. ACS is associated with high 
morbidity and mortality2.

The  two primary risk factors for ACS are increasing age 
and male gender. Others include smoking, hyperten-
sion, diabetes mellitus, sedentary lifestyle, obesity and 
a family history of CAD. Perioperative myocardial 
infarction is also observed in patients with chronic 
kidney disease and peripheral vascular disease3,4. 

ACS may be precipitated by deleterious effects during 
anaesthesia and surgery such as  hypotension, 
hypertension, hypoxia, hypothermia, pain, anemia 
caused by blood loss, electrolyte disturbances causing 
arrhythmias and acute stress response4.

In an unconscious patient under general anesthesia, 
diagnosis of ACS can be challenging. So, a detailed 
clinical history including relevant risk factors, physical 
examination, and vigilant intraoperative hemodynamic 
monitoring are quintessential.  ECG monitoring 
combining the three leads II,V4,V5  increases the 
sensitivity to detect ischemia to 98%5,6. For detecting 
acute segmental wall motion abnormalities, 
transesophageal echocardiography (TEE) has more 
sensitivity and detects even before the ECG changes 
are noted7.   

Continuous monitoring of heart rate, blood pressure 
and ECG trends are mandatory for early detection of 
intraoperative complications,. If myocardial ischemia  is 
suspected, the primary goals of management should 
include adequate oxygenation, maintaining 
hemodynamic stability and use of heparin or aspirin and 
intra aortic balloon pump, whenever needed. The 
effective treatment depends on early intervention with 
best cardiac care8,9.

When myocardial ischemia is because of hypovolemia, 
hypotension should be primarily managed with IV 
fluids in the form of crystalloids or colloids and blood 
products. Inotropic support is required when there is no 
response to fluid administration10. In this case, 
myocardial ischemic changes were because of 
hypovolemic shock. Hence by correcting hypotension 
secondary to acute blood loss, the myocardial ischemic 
changes were reverted.
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Introduction
Von Haller was the first to describe carotid body tumor 
in 1743. Carotid body tumors (CBT) are extremely rare, 
arising from chemoreceptor cells at the bifurcation of 
carotid artery. Reported incidence is 1-2 per 1000001. 
Frequently these tumors have tendency to turn 
malignant. Hence operative intervention is the 
treatment of choice. Removal of tumor poses several 
anesthetic challenges and is associated with 
perioperative  morbidity of 20 -40 %2.This case report 
highlights the anesthetic management and the 
problems encountered during CBT excision.

Case Report
A 42-year-old female weighing 74 kg, presented with 
history of swelling on the left side of neck near the 
angle of jaw for 2 months. The lump was slow growing, 
painful, soft and non-pulsatile. Indirect laryngoscopy 
revealed normal vocal cord movements and there was 
no extension of tumor into hypopharynx.

Computed tomography (CT) arch aortogram 
scan(Fig1) of neck revealed a lesion measuring 52.1 CC 
(caudal-cranial) x 30 TS (transverse-section) x 20 AP 
(antero-posterior) mm in the left carotid space at the 
bifurcation of common carotid artery and there were 
numerous central and peripheral enlarged feeding 
arterial branches within (Fig 1). Diagnosis of Shamblin 
type II CBT was made and planned to excise the tumor 
under general anesthesia. Her preoperative urinary 
vanillyl mandelic acid (VMA), and ECG, X-ray chest 
were normal. In the operation theatre, monitoring of 
heart rate, invasive blood pressure, Oxygen Saturation 
(SpO2), End tidal carbon dioxide(EtCO2) and 
temperature monitoring were instituted. 

Patient was premedicated with Inj.midazolam 1mg iv, 
induced with Inj. fentanyl 140mcg iv, 
Inj.propofol 140mg iv, Inj.atracurium 35mg iv and 
trachea was intubated using 7.5mm ID flexometallic 
ETT. General anesthesia was maintained with        
volume controlled ventilation with a tidal volume of    
450 ml, respiratory rate 12/min, air: oxygen with 0.5 of 
FIO2 and isoflurane with a MAC 0.9-1. Intraoperatively 
induced hypotension was achieved with Inj. dexme-
detomedine infusion of 0.3µg/kg/hr and adjusted to 
maintain mean arterial pressure 60- 70mmHg. 

Patient’s  temperature and EtCO2 were maintained 
between 34°C to 35°C and 35-40mmHg respectively. 
At the time of dissection of the tumor, there was one 
episode of bradycardia with heart rate drop upto 
42/min and hypotension with mean arterial pressure 
drop upto 50 mmHg which was treated with Inj. ephed-
rine 6mg iv and Inj. atropine 0.6 mg iv and local infiltra-
tion of Inj 2% lignocaine. Intraoperatively there was 
blood loss of 1000 ml and one unit PRBC transfusion 
was transfused. Inj dexmedetomedine infusion was 
stopped after resection and mean arterial blood 
pressure was maintained between 80 -90 mmHg for 
adequate cerebral perfusion. After 5 hours of surgery, 
neuromuscular blockade was reversed and trachea 
extubated, when patient was conscious with stable 
hemodynamic parameters. Hemodynamic monitoring 
was continued in post operative anesthesia care unit. 
There were no cranial nerve palsies and her vocal cord 
movements were normal with good deglutition reflex 
and the patient was discharged on fifth postoperative 
day.

Dr.S A Mohamed Arif is an undergraduate from Pondicherry University Mahatma Gandhi Medical 
College. He is currently doing his post graduation MD (Anaesthesiology) in Chettinad Hospital and 
Research Institute.

Fig1 - CT Arch aortogram shows carotid body
              tumor
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Discussion
Carotid body plays an important role in the control of 
ventilation during hypoxia, hypercapnia and acidosis as 
it senses partial pressure of oxygen and carbon dioxide 
from the blood.       Carotid body tumors are rare tumors 
arising from the chemoreceptor cells present at the 
bifurcation of carotid artery. The two risk factors for 
the development of CBT are chronic hypoxic stimula-
tion and genetic predisposition. Incidence of female to 
male ratio is 1.5:1 in normal  altitude and 1:8 in high 
altitude3,4. There are three distinct types of CBT- 85% 
is sporadic, 10-15% familial type and around 5% hyper-
plastic type in which 5-7% of these tumors turn malig-
nant, commonly in 5th or 6th decade as painless swell-
ing in the neck. Approximately 10% of patients may 
present with dysphagia, choking or hoarseness. 
Horner`s syndrome or shoulder drop may be present 
due to associated cranial nerve involvement (X, XI, XII) 
because of close relationship with these nerve5.

Occasionally these tumors may be associated with 
pheochromocytoma and secrete catecholamines and 
serotonin necessitating preoperative catecholamine 
studies. The surgeons usually request hypotensive 
anesthesia during the intraoperative period to reduce 
the blood loss and to have a dry operating field. During 
manipulation of the tumor, periods of bradycardia and 
hypotension are a common occurrences. There was 
one episode of bradycardia and hypotension during the 
dissection of the tumor which was reverted  to normal 
after giving Inj atropine 0.6 mg iv and Inj ephedrine 6 
mg iv and the surgeon was requested to stop manipula-
tion of the tumor and infiltrate 2% lignocaine locally 
over the tumor. There were no further episodes of  
bradycardia after the infiltration.

Temperature management is also important, as the 
cerebral metabolic rate is reduced by 7% for each 1˚C 
decrease in body temperature. Hyperventilation should 
be avoided in these cases as it causes vasoconstriction 
of cerebral blood vessels and thereby decreases 
delivery of oxygen6. Intraoperatively cerebral protec-
tion is employed during carotid artery clamping by 
using thiopentone sodium is used in the dose of 
3-5mg/kg/hr for neuroprotection. Our patient did not 
require carotid artery clamping, so we did not use 
thiopentone sodium infusion.

Post operatively patient was monitored in post 
anesthesia care unit (PACU) to observe for any compli-
cations such as stroke, cranial nerve palsy, respiratory 
depression, profound hypotension and hemodynamic 
fluctuation7,8. The patient was extubated as all her vital 
parameters were stable and monitored in the PACU. 
She made an uneventful recovery and was discharged 
on the fifth post operative day.

Conclusion 

The successful management of a patient posted for 
carotid body tumor excision involves taking a detailed 
history, ordering for specific investigations preopera-
tively, invasive monitoring, optimization and managing 
intraoperative and post operative complications. 
Intraoperative anesthetic management along with 
cerebral protection, induced hypotension and manage-
ment of arrhythmias are challenging. A high vigilance is 

necessary for an anesthesiologist during the excision of 
CBT to detect possible intraoperative complications 
such as arrhythmias, stroke, and cerebral vasospasm 
and post operative complications such as cranial nerve 
palsy, stroke, respiratory depression, profound hypo-
tension and hemodynamic fluctuations. 
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Introduction
Snake bite envenomation is a life threatening 
emergency. Cellulitis at the local wound site of bite 
leads to compartment syndrome which requires urgent 
surgical intervention and fasciotomy. Though there are 
many reviews for medical management of snake bite, 
reviews for anaesthetic implications are scarce1. India is 
estimated to have the highest incidence of snakebite 
envenomation and mortality in the world2. The 
common poisonous snakes in India are cobra [Naja 
naja], Russell’s viper [Dabiola russelii], saw-scaled 
viper [Echis carinatus] and common krait[Bungarus 
caeruleus]3. In our patient there was envenomation by a 
species [Naja naja] commonly known as cobra. It 
belongs to family elapidae. The patient presented with 
neuromuscular paralysis, consumption coagulopathy, 
rhabdomyolysis and cellulitis with compartment 
syndrome requiring fasciotomy.

Case Report
58 year old female, with no known co-morbid illness 
was brought with alleged history of snake bite in left 
dorsum of foot. Snake was identified as cobra. The 
patient was initially treated at a local hospital where she  
was evaluated to have generalised muscle weakness 
associated with respiratory distress, which necessitated 
endotracheal intubation and shifted to our hospital with 
AMBU ventilation.

On arrival to casualty, the patient was drowsy, moving 
all four limbs, bilateral pupils were reacting to light and 
bilateral ptosis was present. Her blood pressure was 
160/90 mm of Hg, pulse rate was 98/min, saturation 
was maintained at 98%. Endotracheal tube was in situ 
and she was ventilated with AMBU bag. Arterial blood 
gas analysis revealed respiratory acidosis. Patient was 
started on ringer’s lactate and foley’s catheterisation 
done. She was immediately shifted to intensive care 
unit and connected to ventilatory support (volume 
control with pressure support: Tidal volume-400ml, 
pressure support-10 cm of H2O, positive end expira-
tory pressure-5 cms of H2O, respiratory rate-12/min, 
Fraction of inspired concentration of O2 - 0.5 to 
maintain SpO2 of 100%). She was treated with
 

intravenous crystalloids, antibiotics. Anti-snake 
venom(ASV) was started ( 10 vials in 500 ml of NS ) as a 
slow i.v infusion. There were no allergic reactions. Her 
blood investigations like complete blood count, blood 
urea nitrogen, serum creatinine, bleeding and clotting 
time were within normal limits. Her creatinine kinase 
(CK) levels was 378 IU/L. INR was 1.38.

She responded well to the treatment and was weaned 
off from ventilator support and extubated on the next 
day. Her respiratory efforts were adequate and she 
maintained SPO2 - 96% in room air. On day 2 of ICU CK 
and CK-MB showed increasing trend ( Creatinine 
Kinase - 662 IU/L , Creatinine Kinase-MB = 149 IU/L ). 
Whole Blood Clotting Time (WBCT) was positive > 20 
minutes. She was given 10 vials of ASV infusion. On 
third day of intensive care, the patient developed 
cellulitis with compartment syndrome in her left leg. 
She was taken up for emergency fasciotomy under 
American Society of Anaesthesiologists (ASA) 
grade IIIE.

Preoperatively, she was conscious and oriented. Blood 
pressure, heart rate and respiratory rate were within 
normal limits. Her motor power was 3/5, in both upper 
and lower limbs. After shifting to operating table, her 
heart rate was 88/min, blood pressure was 140/90 mm 
Hg, electro cardiogram showed normal sinus rhythm. 
Intravenous Ringer’s Lactate infusion was started at 100 
ml/hr. Regional anaesthesia was planned. Patient was 
given Inj. fentanyl 75 mcg i.v. Left Sciatic and femoral 
nerve block using Braun Stimuplex nerve stimulator, 
(22G, 15 cms needle) was done. Drug prepared was 15 
ml of 0.75% ropivacaine, 15 ml of 2% lignocaine with 
1:200000 adrenaline and 15 ml NS. Left sciatic nerve 
block - Classic Labat’s approach in semi-prone position.  
Dorsiflexion of ankle joint was obtained at 0.5 mA and it 
disappeared on reducing the current to 0.2 mA. 30 ml of 
drug given. Left femoral nerve block was done in 
supine position, patellar jerk was obtained at 0.5mA 
and it disappeared after reducing the current to 0.2 mA 
- 15 ml of the drug given. Onset of action was 8 minutes. 
Complete motor blockade was achieved in 14 minutes. 
Duration of the surgery was 30 minutes. Duration of 
sensory blockade was for 7 hours. Intra operative 
period was uneventful. Post operatively she was 
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shifted to intensive care unit and continued with antibi-
otics, analgesics and intravenous crystalloids.

On day 4 in intensive care unit patient’s whole blood 
clotting time (WBCT) was still positive (more than 20 
minutes ), 5 vials of anti-snake venom infusion was 
repeated. Patient condition improved and she was 
shifted to the ward after 5 days in intensive care unit. 
She was discharged from the hospital in a stable 
condition with follow up for dressing of the wound.

Discussion
The cobra venom is a complex mixture of toxins and 
enzymes, each of which may be responsible for one or 
more distinct toxic actions3,4.

Phospholipase A2 damages mitochondria, red blood 
cells, leucocytes, platelets, peripheral nerve endings, 
skeletal muscle, vascular endothelium, and other 
membranes, produces presynaptic neurotoxic activity, 
opiate-like sedative effects and leads to the release of 
histamine3,4. Hyaluronidase promotes the rapid spread 
of venom through tissues3.

The venom also includes postsynaptic α-neurotoxins 
such as α-bungarotoxin and cobrotoxin. They bind to 
acetylcholine receptors at the motor endplate5,6. 
Progressive descending paralysis is the hallmark of 
systemic envenoming by elapid snakes. The early signs 
are bilateral ptosis, inability to protrude tongue and 
difficulty in speech. Limb weakness, loss of deep 
tendon reflexes, and fixed dilated pupils may follow3,4. 

Once paralysis reaches the diaphragm and the  intercos-
tal muscles, victims usually die of respiratory failure if 
they are not adequately ventilated7. 
Acetylcholinesterase, though found in most elapid 
venoms, does not contribute to their neurotoxicity3,4. 
Zinc metalloproteinase haemorrhagins causes damage 
to vascular endothelium, causing bleeding. This causes  
clotting disturbances because most of the fibrin clot is 
broken down immediately (“consumption 
coagulopathy”). 

This can be diagnosed by doing a 20 minute whole 
blood clotting time test3. Proteolytic enzymes 
(metalloproteinases, endopeptidases or hydrolases) 
and polypetide cytotoxins (cardiotoxins) increase 
vascular permeability causing oedema, blistering, 
bruising and necrosis at the site of the bite3,5. It also 
contains myotoxins like the phospholipase A2 which 
causes rhabdomyolysis. This leads to myoglobinuria 
and blockage of renal nephrules leading to acute 
tubular necrosis and acute renal failure3,8,9.

Clinical features of compartment syndrome includes 
disproportionately severe pain, weakness of 
intracompartmental muscles, hypoaesthesia and 
obvious tenderness of the compartment on palpation. 
Detection of arterial pulses by palpation or doppler 
ultrasound probes, does not exclude intracompartmen-
tal ischaemia. Intracompartmental pressures exceeding 
35 mmHg may carry a risk of ischaemic necrosis 
requiring fasciotomy10. Corticosteroids are not 
effective in ameliorating local effects of envenoming11.
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Problems

Myoglobinuria

Abnormal coagulation

Pain

Anemia (secondary to
hemoglobinuria)

Direct effect on neuro
muscular junction

Direct myocardial
toxicity

Residual bulbar palsy, 
ineffective cough, inadequate 

respiratory efforts

Cellulitis

Expected complication

Acute kidney injury

Severe bleeding, DIC

Tachycardia, increased oxygen
demand, release of

inflammatory mediators

Tachycardia, decreased
oxygen carrying capacity

Prolonged effects of neuro
muscular blockers

Cardiogenic shock,
Myocardial infarction

Pulmomary aspiration,
respiratory acidosis

Compartment syndrome,
polymicrobial infection, sepsis

Precaution / Intervention

Avoid hypovolumia,
hypotension, acidosis

Avoid neuraxial anaesthesia.
Arrange adequate blood

products

Adequate analgesics from the
start

Supplemental oxygen
administration, blood 

transfusion

Avoid neuro muscular
blockers / use with caution with

ventilator backup

Inotropic support, Supplemental
oxygen administration

Patient position, breathing
exercises, ventilator backup

Broad spectrum antibiotics,
Culture from surgical site, fluid

management
(Surviving Sepsis Guidelines)

Monitoring

Urine output, urine
colour

Coagulation tests at
regular intervals,

Clinical monitoring

Clinical

SpO2, PaO2,
Arterial blood gas

analysis

Train of four
monitoring

ECG, Echocardiogram,
Cardiac enzymes,invasive

arterial BP, CVP

Clinical
monitoring

Table 1 - Anaesthetic considerations of snake bite envenomation
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nerve blockade has fewer cardiac (hemodynamic) and 
respiratory effects than the other modes of anaesthesia 
and thus it can be the choice of anaesthesia in case of 
high risk patients like the one reported here. The 
problems, expected complication, intervention and 
monitoring are summarised in table -1.7,8,9,13,14

Conclusion
Complications due to snake bite envenomation are still 
increasing inspite of improved first aid strategies. 
Patients developing compartment syndrome are also 
high. There are various systemic effects due to snake 
venom that can complicate while administering anaes-
thesia to these patients posses a significant risk. Knowl-
edge on the various systemic effects of envenomation 
and the physiological changes that follows, helps in 
framing a better choice of anaesthesia. Administering 
general anaesthesia or a central neuraxial blockade can 
worsen the morbidity of the envenomation. Hence the 
most safe option for anaesthesia in these patients is 
peripheral nerve blockade.

Anaesthesia considerations
The anaesthesia for fasciotomy can be performed 
under general anaesthesia with antibiotic cover with 
neuro muscular blockade monitoring. The prolonged 
neuromuscular blockade with non depolarising muscle 
relaxant are produced by an additive or synergistic 
effect between the clinical neuromuscular blocker and 
the postsynaptic neurotoxin. There can be increased 
neuromuscular blockade after neostigmine, it could be 
due to anti-acetylcholinesterase toxicity, a venom-
neostigmine interaction12. Postoperatively patient may 
require ventilatory support due to neuroparalytic 
respiratory failure13.

Alternatively regional anaesthesia can be performed. 
However with active consumption coagulopathy 
central neuraxial blockade cannot be performed due to 
the risk of spinal hematoma14. Peripheral nerve 
blockade can be the anaesthesia of choice in case of 
coagulopathy or systemic toxicity effects. Preferably 
performed under ultrasound guided approach to 
minimise unexpected vascular injuries. Peripheral  
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Introduction
Pyogenic granuloma (PG) is a kind of inflammatory 
hyperplasia, which represent a range of nodular 
growths of the oral mucosa that histologically represent 
inflamed fibrous granulation tissues. PG is very 
common non neoplastic tumor – like growth as 
described by Hullihen’s in 18441. Here we are present-
ing a  gigantic non Lobular Capillary Haemangioma 
type occurring in a 60 year old female patient. 

Case Report
A female patient aged 60 yrs reported to our 
maxillofacial unit with a complaint of painless growth in 
relation to upper cheek region since 2 yrs. Extraorally it 
resulted in a diffuse swelling of left middle third of face 
causing facial asymmetry. It started as a peanut size 
mass, gradually growing to attain the present size, 
causing difficulty in mastication and phonation.  
Clinically presented as a proliferative growth in relation 
to left maxillary alveolus measuring about 3*4cms in 
dimension, extending from L22 to L26 crossing the 
midpalate (Fig 1). 

Growth was reddish pink in colour, pendunculated and 
slightly mobile with no evidence of bleeding on palpa-
tion and  obliterating the  buccal  sulcus. 
Radiologically orthopantomogram and paranasal 
sinuses showed no evidence of bone loss. The lesion 
was totally excised under GA(fig2). Vascular supply of 
the growth was from greater palatine vessels, which 
were cauterised and haemostasis achieved. Extraction 
of 24,25,26,27,28 was done since they are associated 
with chronic generalised periodontitis. Primary closure 
of socket done with 3-0 vicryl. Healing was uneventful. 
Histopathology showed epithelium overlying the 
edematous connective tissue stroma; it was fibrillar, 
with immature fibres, moderately cellular with  
dispersed fiboblasts  diagnosed as Pyogenic 
granuloma (Fig 3,4).
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Abstract 

Pyogenic granuloma although a common oral lesion, has a particular significance, because of its unexpected 
clinical course. Here we report a gigantic pyogenic granuloma of the left maxillary alveolus extending to involve 
the hard palate.The lesion was excised under general anaesthesia. This demonstrates an extreme and unusual 
presentation of a definitely benign lesion.

Key Words: Gigantic Pyogenic Granuloma, General Anaesthesia, Palate, Non Lobular Capillary Haemangioma

Image 1 - Proliferative Growth In Relation To Left 
Maxillary Alveolus Measuring About 3*4cms In 
Dimension.

Image 2 -  Excised lesion
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Discussion
PG is a benign non-neoplastic mucocutaneous lesion, 
with the term ‘pyogenic’ wrongly misquoted2. No 
mechanism for development of PG has so far been 
defined. However, trauma, hormonal influences, viral 
oncogenes, have been suspected to act in the 
pathogenesis. Some consider it to be a reactive tumor 
like lesion, which arises in response to various stimuli 
such as chronic low- grade local irritation, traumatic 
injury, hormonal factors, or certain kinds of drugs like 
cyclosporine1-4. Poor oral hygiene may be the 
precipitating factor in many patients1.

Although PGs’ may occur in all ages, they predominate 
in 2nd decade of young adult females, possibly because 
of vascular effects of female hormones. Oral PGs’ are 
most common  gingival tumours, accounting for 75% of 
all cases caused due to calculus or foreign  material 
within the gingival crevice with 15% occurring on the 
alveolar part 1,2,3.

Clinically, PG manifest as a sessile or pedunculated, 
resilient, erythematous, exophytic and painful papule 
or nodule with a smooth or lobulated surface that 
bleeds easily. 

Histologicaly there are 2 variants of PGs: lobular 
capillary hemangioma(LCH type) and non-LCH type. 
The non-LCH type is most commonly associated with 
etiological factors1,5.

Epivatianos et al, reported two types of PG which are 
clinically different. They found that LCH PG occured 
more frequently as sessile lesion(66%) and non-LCH 
occurred as pendunculated(77%)6. As reported in our 
case, the lesion was found attached to the alveolus and 
was pendunculated along with microscopic features 
suggesting features of non-LCH type. The usual size of 
PG varies in from few millimetres to centimetres, rarely 
exceeding 2.5 cm*7, but as reported in our case the 
lesion was measuring about  3*4 cms hence terming it 
as gigantic. The surface is ulcerated and friable in most 
of the cases, with the colour ranging from pink to red to 
purple, depending on the age of the lesion, but in older 
patients the lesion tends to be more collagenized and 
pink2,3,8. Rarely PGs’ cause a bone loss1.

Histopathology
Histologically there are two types of PGs: the 1st type 
called as LCH, the 2nd type called as non-LCH. Our 
histopathological report  revealed the epithelium 
overlying the connective tissue stroma(Fig: 2). The 
connective tissue was edematous with myxomatous 
changes. Deeper connective showed lots of blood 
vessels and extravasated RBCs (Fig :  3 and 4). Along 
with lot of nerve tissue was also seen suggesting the 
non-LCH type of PG.

Differential Diagnosis
Various differential diagnosis of PGs includes 
peripheral giant cell granuloma, peripheral ossifying 
fibroma, metastatic cancer1,3 pregnancy tumor9, 
hemangioma10,  Kaposi’s sarcoma, angiosarcoma, and 
non-hodgkin’s lymphoma1.

PGCG is clinically very similar to PG, but histologically 
in PGCG are the presence of multinucleated giant cells 
and lack of infection1,3.

POF is also clinically very similar to PG, but it grows to 
very large size of upto 6cms,commonly seen in 
pregnant women, but unlike PG this is exclusively 
found on the gingival  and has very less vascularity8,3.

One more important differential diagnosis is Heman-
gioma, clinically small lesions cannot be distinguished 
from PGs.One important feature is it’s a developmental 
disorder, commonly found on the tongue, multinodular 
and bluish red in color.Compared to PGs, hemangioma 
has more plump, histiocytoid, endothelial cell prolif-
eration without an acute inflammatory cell infiltrate1,10.

Pregnancy tumors or epulis are mistaken for PGs,but 
epulis is found towards the end of pregnancy and there 
is tendency for the lesion to shrink after delivery, is 
mostly seen confined to interdental papilla1,8.

Image 3 - Photomicrograph showing stratified 
squamous  parakeratinised epithelium overlying 
the connective tissue stroma.

Image 4 - photomicrograph showing deeper 
connective with lots of blood vessels and 
extravasated RBCs along with edematous and 
myxomatous changes. It is  fibrillar, with immature 
fibres, moderately cellular with infiltration of  
lymphocytes.
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Kaposi’s sarcoma  of AIDS can be differentiated from 
PG histologically due to the presence of dysplastic 
spindle cells7. Angiosarcoma can be distinguished from 
PG by its lobular growth pattern, well-formed vessels 
and cytologically bland endothelial cells1.

Treatment
Excision is the most indicated treatment for PGs’ with 
cauterization of the feeder vessels unless it is in a 
surgically inaccessible area. It should always be 
combined with the removal of the causative factors like 
calculus, periodontally weak teeth, and foreign 
materials.

Other treatment protocols have also been advocated 
like the use of Nd:Yag laser irradiation, CO2 laser, 
electrodissecation, sodium tetradecyl sulphate, 
sclerotherapy. These treatment protocols are advisable 
for recurrent lesions. A recurrence rate of 16% has 
been suggested which may be due to incomplete 
excision, failure to remove causative factors1.

Conclusion
Oral PGS are commonly seen in females mainly 
pregnant woman and rarely exceeding 2.5cms in size. 
However in our case it showed an alarming size with 
occurrence in a non-pregnant woman aged 55-60 
years. The histopathology revealed pyogenic 
granuloma. Therefore large pyogenic granulomas are 
unusual and should be considered in the differential 
diagnosis of malignant oral tumour.

Jafarzadeh H, Santatkhani M,Mohtasham N. Oral 
pyogenic granuloma : a review. J Oral Sci. 
2006;48(4):167-175.

Neville BW, Damm DD, Allen CM, Bouquot JE. 
Oral and Maxillofacial Pathology. 2nd ed. WB 
Saunders, Philadelphia. 2002:437-495.
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By using algorithms, the ECG fits in to diagnosis of SUPRAVENTRICULAR TACHYCARDIA WITH 
ABBERANCY. It is important to differentiate Ventricular Tachycardia from SVT with aberrancy as 
management is different for both.

             - Dr.M.Chokkalingam, Consultant Cardiology, CSSH

Answer to : Diagnose the condition
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Anaesthesia has been called as physiology in action. 
The development of anaesthetic agents and apparatus 
has dominated the discussion of development of 
anaesthesia. Yandell Henderson and Ralph Waters 
were the early proponents of the importance of 
physiology in anaesthesia1. Ralph Waters, who created 
the first academic department of anesthesiology in 
Wisconsin in 1927, was of the opinion that understand-
ing the science was necessary for competency in the 
field of medicine. John Snow, called the first and 
greatest anaesthetist by Waters, was the first to do 
preoperative examination to understand the 
physiology of his patient. Yandell Henderson who was 
called the father of applied physiology had quoted that 
“Physiologists now and in the next few years will find 
their richest and most fruitful problems in the field of 
clinical, rather than in that of purely abstract, 
physiology... development of clinical physiology might 
well be the greatest event in the progress of medicine 
during the second de-cade of the twentieth 
century1.”

The physiology in the early days was philosophical-
physiology as found in the ancient Indian texts where 
multiple references to the importance of air (vayuh), 
respiration (pranah) and sleep (svapnah and 
svapnantah) are found. Chinese texts mention about 
Lien Chi (breath into the soul). At a time when man was 
seen as a special creation, Jean Fernel (1497 -1558) 
stated that nature’s laws applied to physiology of man2.

Progression of respiratory physiology2

In the era when human dissection was prohibited, 
Galen had pointed out that air is inhaled because of 
expansion of the chest and lung follows passively. The 
progression in the mechanics of respiration had to wait 
till GA Borelli who in 1680 measured the inspired 
volume and residual volume. In 1799, in his book, which 
mainly focused on Nitrous oxide, Humphry Davy 
describes the direct measurements of lung volumes. 

John Hutchinson (1846), a surgeon, described various  
subdivisions of lung volume after his experiments on 
2130 individuals. He gave the first pressure - volume 
curves for the lungs in the year 1849 and coined the 
term vital capacity and described timed vital capacity. In 
1864, Nester Grehant determined the functional 
residual capacity and coefficient of ventilation (inspired 
volume/FRC). Pulmonary dead space was described 
by Haldane and Priestly in 1882. Fritz Rohrer, in his 
doctoral thesis,  calculated the pressures required to 
overcome laminar and turbulent airflows in 1915, which 
was the first description of the physics of the flow in the 
airway. 

Richard Lower’s Tractatus de corde (1669) mentions 
lung as the site where the blood changes its color when 
it comes in contact with air. The idea of respiratory 
system as a site where exchange of gases take place, 
was utilized by Stephen Hales (1677-1761), when he 
invented the trough for collecting gases with closed 
circuit respiratory apparatus. Haldane and Priestly used 
India rubber tube to sample alveolar gas. The identifica-
tion of gases was a long journey, which culminated in 
the discovery of oxygen by Wilhelm Scheele (who was 
unlucky not to be credited for his various contributions) 
and Joseph Priestly. Joseph Priestly in 1774 gave the 
name “dephlogisticated air” after the  “phlogiston 
theory” by George Ernst Stahl (1734). Joseph Black 
(1728-1799) observed that CO2 produced during 
expiration turns limewater to CaCO3. Antoine Laurent 
Lavoisier’s  (1743- 1794) statement that respiration is 
uptake of oxygine and production of carbonic acid gas 
put an end to various theories prevalent at that time. 
This was further established by the observation of 
Heinrich Gustav Magnus (1802- 1870) that venous 
oxygen content is less than that of arterial and venous 
content of carbondioxide is more than the arterial 
carbondioxide content.

The factors controlling the respiratory movements 
made progress only after the progress in chemistry. 
Ewald Hering and J Breuer theory of “self regulation” 
showed that inflation stopped respiration in expiration, 
known as the Hering-Breuer reflex. Marshall Hall gave 
the role of CO2 in the rhythmicity of breathing in 1850. 
E Pfluger in 1868 suggested that hypoxia stimulates 
breathing. John Scott Haldane (1860 – 1936) in an 
article inferred that though all the mechanisms 
governing the respiration are yet to be elicited, the 
resting ventilation is controlled by CO2. F Miescher 
Rusch in 1885 had suggested that resting ventilation is 
controlled by CO2. 

The transport of gases to the tissues was postulated by 
the Greeks, who thought that venous system carried 
blood and arterial system carried air. Empedocles of 
Sicily (495 – 435 BC) put forward the theory of ebbing

Ralph Waters Yandell Henderson

153



From the Pages of History Volume 4, Number 3

and flowing of blood from and to the heart. Diagenes of 
Apollonia (430 BC) suggested that blood vessels 
carried air through the body. The complete description 
of the systemic circulation had to wait till William 
Harvey’s De Mortu Cordis in 1628.

Felix Hoppe Seyler isolated the iron containing 
hemoglobin and gave the oxygen carrying power to 
hemoglobin. He also determined absorption spectra for 
oxyhemoglobin and reduced Hemoglobin. Paul Bert 
(1833- 1886) , in 1872 provided data for oxygen 
dissociation curve (ODC). In 1904,Christian Bohr along 
with Hasselbach and Krogh gave the curve for ODC. 
Hasselbach and Krogh observed that adding carbon 
dioxide drives oxygen out. The relationship between 
hemoglobin saturation and the partial pressure of 
oxygen was given as an equation by J. W. Severinghaus 
in 1979, calculating a table of values for a standard 
human blood O2 dissociation curve at 37°C and 
pH 7.40.

Airway physiology2 

Marshal Hall (1856), gave the first documented 
importance to freeing the respiratory airway for 
resuscitation. He was the first to describe pharyngeal 
obstruction and suffocation by the tongue falling back 
during deep chloroform anesthesia, an explanation that 
Snow had previously rejected. Hall advised turning the 
patient to the prone position to relieve the obstruction. 
Also mentioned about vocal cord closure to noxious 
stimuli. John Thomas Clover (1868), Jacob Heiberg 
(1874), and Friedrich von Esmarch (1877) have claimed 
the invention of the “jaw thrust” (pulling the jaw, and 
thus the tongue, forward) to remove airway 
obstruction. Benjamin Howard in 1880, suggested an 
alternative, head tilt and extension, something that 
might be done with one hand, a technique still used to 
relieve obstruction by the tongue.  

Cardiac physiology3 

Cyon and Ludwig in 1866 were the early observers of 
neural reflexes for cardiovascular regulation. 
Stimulation of depressor nerve resulted in decrease in 
heart rate and blood pressure. Variations in heart rate 
with emotions made Aristotle to consider the heart as 
the seat of the emotions, a phenomenon suggesting the 
early observation of the autonomic nervous system.

Koester and Tschermark, 1902, put forward the theory 
of pressure sensitive region in arteries. Heinrich Ewald 
Hering, inspired by Johann Czermark’s self 
experiments, described the carotid sinus reflex in 1905. 
In 1928, De Castro mentioned that carotid body is 
sensitive to the composition of the blood supplying it.

In 1867, Von Bezold and Hirt detected a decrease in 
heart rate and blood pressure after injection of 
intravenous veratrum alkaloids in animals. 
This observation was furthered by Jarisch in 1930s and 
led to the description of the now famous vagal 
chemoreflexes. Bainbridge reflex was described in the 
year 1915.

In 1864, Goltz mentions about the need for integrity of 
spinal cord is to maintain vascular tone. In 1870 Dittmar 
and Owsjannikow attributed the lower brainstem for  
resting blood pressure and reflexes. Sherrington put 
forward the theory of spinal autonomic apparatus for 
resting blood pressure. Brown Sequard’s elixir 
followed his demonstration in 1856 that removal of the 
adrenal gland resulted in death. In 1899, Hunt 
described the medullary cardio accelerator and 
inhibitory fibres. Sir William Bayliss  theorized about 
the constrictor and dilator centres in the brain. In 1902, 
the famous Bayliss effect was published about the 
arterial muscle contraction when pressure increases.

These are but a few of the important physiological 
advances, which helped in the progress of anaesthesia. 
The ability to understand physiology and the control of 
it helped in the progress of surgical sciences, critical 
care and resuscitation.

Yandell Henderson (1873 - 1944). A biographical 
memoir by John B West National Academies Press 
Washington D.C. 1998.

The Wondrous story of Aneasthesia. Eger EI ll, 
Saidman LJ, Westhorpe RN (Eds). Springer 
Publication. 2014: 944.

Handbook of physiology, Wallace O Fenn, 
American Physiological society. 1965.
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Anti-hypertensives in diabetic patients –to give or not to give?

Global prevalence of diabetes mellitus is 8.3% - roughly 382 million people worldwide.  Many 
diabetics are at the risk of developing hypertension and cardiovascular disease. Antihypertensive 
treatment is often recommended to treat and prevent the complications. But this may not always 
be good idea. In a recent meta-analysis of 49 random controlled trials involving 73738 type 2 diabe-
tes patients, the researchers found that treating diabetic patients with anti-hypertensives was 
beneficial only when the systolic blood pressure was more than 140, as it caused discernible reduc-
tion in cardiovascular complications and all-cause mortality. But when the systolic blood pressure 
was less than 140, there was no perceptible benefit from anti-hypertensives. In fact, the risk of 
cardiovascular death increased by 15%. The study is published in the BMJ (Brunström M, Carlberg 
B. Effect of antihypertensive treatment at different blood pressure levels in patients with diabetes 
mellitus: systematic review and meta-analyses. BMJ. 2016; 352:i717)

- Dr. K. Ramesh Rao
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