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Anesthesia, the term was coined by Oliver Wendell Holmes in 1846, to portray insensibility to pain induced by 
some drug, shortly after the demonstration of loss of consciousness by inhaled ether during a surgical 
procedure. General anesthesia, for almost two centuries (175 years), has made scientists wonder that how 
under its influence a person loses consciousness and his body becomes insensitive to pain yet the body 
continues performing normal vital physiologic functions. This clearly demonstrates that the central nervous 
system (CNS) is their primary site of action, where the nerve transmission is reduced at the synapses which 
release the neurotransmitters for action in the body. The only information researchers had was that general 
anesthesia works by suspending signals from the brain and body and blocks any record of pain or event 
during this period.

General anesthetic agents, administered through breathing are a collection of various chemically volatile 
hydrophobic molecules and most commonly used are lipid-soluble and structurally related to ether. Since 
their route of administration, they are called inhalational or volatile anesthetics. Since the exact mechanism 
of action was not fully clear, scientists hypothesized they act by blocking the ion channels and proteins of 
the neurotransmitters, by interacting with these proteins in a lipid environment. 

The action of local anesthetics, is however quite clear that they take up a different mechanism employing 
a different class of pharmacologic agents, such as Novocain. By binding to sodium ion channel in the cell 
membrane of nerve cells it inhibits its function by blocking the nerve transmission to pain centers in the 
central nervous system. The movement of nerve impulse around the site of injection is obstructed by this 
action; nonetheless, no change in other areas in sense perception or awareness is observed.

Regarding general anesthesia, the breakthrough came from Research published in PNAS, “Studies on the 
mechanism of general anesthesia,” on May 29, 2020. The researchers Richard Lerner, MD, and molecular 
biologist Scott Hansen, resolved the century-old scientific enigma through the discovery of the mechanism 
of action of anesthesia1. The success was achieved using direct stochastic optical reconstruction 
microscopy (dSTORM), an innovation in microscope technology. 

Advances in Super-resolution techniques have been accomplished through utilizing many techniques such 
as photon tunneling microscopy, near field scanning optical microscopy and Pendry Superlens, all aided by 
computer-assisted methods such as detector-based pixel reassignment (e.g., re-scan microscopy2, 
deconvolution3 or pixel reassignment4, the  4Pi laser scanning fluorescence microscope, and structured 
Vertico spatially modulated illumination (Vertico-SMI) microscopy technologies. Stochastic optical 
reconstruction microscopy (STORM), is a super-resolution imaging technique that sequentially activates and 
localizes photoswitchable fluorophores by time-resolved localization building higher resolution images. 
Fluorophores are activated to a fluorescent state during imaging. A super-resolution image is constructed 
from the image data produced by repeating the process allowing numerous fluorophores to accumulate. 
STORM uses dyes, Cy5 and Cy3, to attach to nucleic acids or proteins with a wide range of probes and 
labeling strategies. The three-dimensional imaging by STORM uses optical astigmatism for axis positions (x, y 
and z) for up to several micrometers thickness samples even in living cells.  Eric Betzig, W.E. Moerner and 
Stefan Hell, in 2014 received Nobel Prize in Chemistry for developing this super-resolved  fluorescence 
microscopy. 

Lerner and Hansen, using nanoscale microscopic techniques, in living cells and  fruit flies, demonstrated 
clusters of lipids as a missing go-between in a two-part mechanism in the cell membrane serve. Exposure to 
anesthesia temporarily converts the  ordered state of lipid  clusters to move into a disordered state, 

increasing their diameter and GM1 (monosialotetrahexosyl ganglioside) or the area of cell membrane lipid 
clusters, and then reverse again, subsequently causing multiple effects which are the basis of changes in 
consciousness. They used (chloroform and isoflurane) to activate an anesthetic-sensitive TREK-1, a 
two-pore-domain potassium (K2P) channel which is activated by phospholipase D2 (PLD2). The tightly 
organized packed ball GM1 cluster is converted into a disordered cluster through disruption of 
fluorescent-tagged PLD2. 

Watching tagged PLD2 via the dSTORM microscope, the researchers were able to observe PLD2 molecules 
scatter like billiard balls, over to a different, less-preferred lipid cluster called PIP2, away from its GM1 home. 
These PIP2 clusters are activated key molecules in TREK1 potassium ion channels and phosphatidic acid 
(PA), their lipid activator. 

TREK-1 channels also called TWIK-related K+ channels, present all through the central nervous system are 
stimulated by polyunsaturated fatty acids and lysophospholipids and are inhibited by neurotransmitters by 
increasing intracellular cAMP which activates the Gq protein pathway5. General anesthetic agents, 
including diethyl ether, chloroform, propofol, isoflurane and xenon, activate TREK-1 by disrupting 
phospholipase D2 (PLD2) localizing lipid rafts and ultimately producing lipid phosphatidic acid (PA). Dead 
PLD2 vigorously blocks anesthetic TREK-1 currents in whole-cell patch-clamp recordings. In short, TREK1 
under the influence of anesthetics, release potassium, hyper-polarizes the nerves and just shuts it down, 
losing its ability to fire, leading to the state of unconsciousness, the researchers explained. To validate their 
findings in a living animal model, the researchers used PLD expression knocked out fruit fly,  Drosophila 
melanogaster. They found these knocked-out flies resistant to anesthetics, requiring double exposure to get 
the equivalent sedation effect from anesthetics.

Researchers believe that this will unravel molecular events of the brain’s other hidden mysteries such as 
falling asleep and waking up. There are, however, many questions still unanswered. This may not be the only 
pathway in charge of the anesthetic activity, researchers agree. Why some people under anesthesia do not 
wake up at all!  What are the key mediators or proteins in other words of anesthesia!

Researchers still cannot fully describe the two complicating factors in the action of these agents. Firstly, 
volatile anesthetics require high concentrations for action which mediate many of the nerve cell membrane 
protein’s functions. This makes it difficult for the researcher to determine the key anesthetic action mediator. 
Secondly, volatile anesthetics primarily interact with proteins in a lipid environment for their effect on 
synaptic neurotransmission. Structural data of these proteins is required to understand the interaction of 
anesthetics with proteins and how their function is altered. It is difficult to detect the structural information of 
membrane proteins. With the absence of data in this regards it is not possible to determine the point of the 
primary effect of anesthetics whether it is by directly interacting with these proteins, or in some way through 
interaction with the surrounding lipids. Thus, scientists are exploring modeling of anesthetic binding to 
protein, a different approach using the sophisticated model of structural proteins in a lipid environment and 
determination of the detailed structure of anesthetic binding to soluble proteins to explain anesthetic action 
at the molecular level.

These limitations, however, did not discourage the researchers. The induction of an anesthetic “state” at the 
molecular level is being explored by using multiple techniques in molecular biology. Pharmacologic agents, 
ranging from single atoms to a wide range of anesthetics can produce loss of awareness and insensibility to 
pain, for example, xenon to polycyclic hydrocarbons. All these different agents do not appear to have the 
same molecular target. Therefore, the concept that all anesthetic agents act through one molecular 
mechanism of action is a most likely generalization. Molecular genetics techniques are now also being 
utilized to study the mechanism of action of anesthesia. So far researchers, in lower organisms, have 
received promising results by altering specific protein function, they have detected the protein 
link-to-resistance to anesthetic action. This research can help identify the specific proteins to target for 
anesthetic action. 

Today, the advances in technology provide us an opportunity to utilize these tools to answer many 
obligatory questions. Future research with new insights into this area will benefit humanity by fulfilling the 
gaps in knowledge.
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INTRODUCTION
Renal stones are prevalent worldwide, tormenting 
as the third most commonly occurring renal disease 
after Urinary tract infection and prostate problems 
such as benign prostate hyperplasia, approximately 
20% incidence rates have been recorded with 
higher frequencies in Asian countries like India, 
Pakistan, Afghanistan, and Nepal. Pakistan is known 
to be geographically situated on the Afro-Asian 
stone belt, which makes Pakistani population 
incidence rates higher than neighboring countries. 
The reason for increased prevalence varies 
between the geographical placement of Pakistan 
along with nutritional deficiencies and delayed 
health-seeking behavior of population1,2.

Renal physiology tends to pass out the small renal 
stone with a maximum of 0.4 cm of size, any stone 
larger than 0.4 cms could be stuck in the kidney or 
ureter, causing severe pain, hydronephrosis, hema-
turia, and obstructive uropathy. In the 0.4cms size 
stones, 70%-90% are passed without any adverse 
outcome and sometimes cause mild and tolerable 
pain to the patient3,4. The size of renal stones deter-
mines the requirement of intervention in urology; 
smaller stones with higher chances of smooth 
passage do not usually require any intervention the 
best method is to wait. The urology surgeons decide 
after complete evaluation of stone size, site, and 
location whether any kind of intervention is neces-
sary or not. The protocols to manage ureteric calculi 
have been progressed in the past few decades 
from percutaneous nephrolithotomy for pushed 
back stones, extracorporeal shockwave lithotripsy 
(ESWL) to ureteroscopy (URS). Especially in manag-
ing the middle and distal area, ureteric calculi have 
been changed enormously after the introduction of 
assorted ureteroscopy methodologies and 
lithotripters. From the list of many procedures, two 
lithotripters are known as most effective in the 
present era, an old and trusted Pneumatic lithoclast 
and a new, modified, and efficient holmium YAG 
laser5,6. The published literature is supportive of laser 
with an efficacy of 92% for laser and 82.1% for 
lithoclast. Some researchers assessed the mean 
difference of stone fragmentation time and 
stone-free rates amid both lithotripters and speci-
fied higher fragmentation and reduced lithotripsy 
period in laser7,8. 

Pneumatic lithoclast is more frequently used by 
urologists as they are known to be easy to use, 
install, and comparatively cost-effective. Pneumat-
ic lithoclast is a cheap treatment option for patients. 
However, complications like increased retropulsion 
of stone in kidney especially while fragmenting 
larger calculi8. Coagulation properties along with 
vaporization of tissues, holmium laser has come 
forward as a superior substitute to pneumatic 
lithotripter. Holmium YAG laser can clear all types 

and sizes of stones. However, its elevated cost and 
preservation cost restricts its use in developing 
countries like Pakistan. Research with 102 partici-
pants indicated 50% efficacy of SFR with pneumatic 
lithoclast for ureteric stones9. 

With the arrival of innovative versions of lithotripters, 
urologists’ job has been made easy with decreased 
chances of retropulsion and resulting morbidity. 
Urology institutes of Pakistan pneumatic lithoclast 
were tried and tested modality for ureteric calculi 
for decades, Holmium Yag laser is comparatively 
new and has only been used in two institutes of 
Karachi, Pakistan. The usage of holmium YAG laser 
requires highly experienced surgeons, increased 
cost, and maintenance, which is not fitting for small 
capacity urology centers. The study results will be a 
beneficial addition to the literature for any differ-
ence present in Stone Free Rates, post-operative 
complication, smaller operative span, duration of 
lithotripter activation (minutes), and total operative 
time difference within both modalities. This study 
aimed to compare the efficacy of pneumatic 
lithoclast and holmium YAG laser in the treatment of 
ureteric calculi measuring < 2.0cms and to evaluate 
Stone-free rate (SFR), postoperative complications, 
and operative duration. 

METHODS
This is a prospective study with a cross-sectional 
research design. The patient data (n=60) was 
obtained from the kidney center, Urology Depart-
ment, Karachi Pakistan. The data were collected for 
four months starting from December 2020. Upon 
ethical approval from the institutional ethical review 
committee with reference # 48-URO-070223. A 
purposive, non-probability sampling technique was 
used, patients reporting in health care institutes 
ranging from 16-65 years age group presented with 
ureteric stones within four months were enrolled in 
the study. CT KUB was used as a diagnostic tool to 
confirm stone size, laterality, and location within the 
ureter. Only 0.5 to 02 cms of size ureteric stones were 
included in the study. Patients with large stone sizes, 
multiple stones, and gross hydronephrosis were 
excluded from the study. After signing the consent, 
the demographic details, such as age, weight, 
gender, relevant history about co-morbidities and 
previous renal stone history, and laboratory investi-
gations were recorded.

Computer-based software was used for randomiza-
tion to minimize the confounding factors; partici-
pants were randomly sorted into two groups. Group 
A included the patients who got Holmium YAG laser 
modality while Group B patients got Pneumatic 
lithoclast as a modality. Fragmentation time and 
SFR on the operation table were documented. 
Patients were asked to visit OPD after 7 days of 
procedure for follow-up; imaging modalities such as 

X-rays and ultrasound of Kidneys,  Ureters, and 
Bladder (KUB) areas were performed to assess the 
presence of residual stones and evaluate stone-free 
rates, and confirmation of any residual calculi or 
retropulsion calculi on follow up radiological 
reports. No retropulsion with complete clearance 
on the 7th follow-up day of surgery was measured as 
effective surgery. All the collected data were 
entered in version 20 of the statistical package for 
social science (SPSS). SPSS was used for the analysis 
of data; descriptive variables such as age, weight, 
gender was analyzed, and results were measured in 
mean and standard deviation values. Stone char-
acteristics including size and operative details with 
lithotripsy time, serum creatinine was mentioned as 
meanwhile stone location and site were reported in 
frequencies. An independent two-sample “t” test 
was performed to evaluate the difference for the 
continuous variables. A p-value of 0.05 or less was 
measured as statistically significant.

RESULTS
The sample size n=60 of the study having age 16-65 
years with the predominant age group was 30-35 
years. Patients were arranged in equal numbers in 
two clusters (groups), in group A 30 patients went 
through Ho: YAG laser for stone fragmentation of 
ureter, similarly, group B participants had pneumat-
ic Lithoclast in 30 patients. To eliminate the chances 
of biased results, the significance of the data was 
measured. The mean age of group A members was 
34.8±4.0 years and 34.5±3.4 years in group B. The 
gender allocation of groups was 36.7% male and 
63.3% female, and 40% male and 60% female for 
Laser and Pneumatic. The statistics were significant, 
p-value <0.05. The dominance of the female popu-
lation in our study is diverse from other referenced 
studies. The serum creatinine was calculated in 
mean ± standard deviation, representing an 
outcome of 1.0±0.9 and 1.2±1.1 for the Laser and 
Pneumatic groups respectively, with a significant 
p-value<0.05. 
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Anesthesia, the term was coined by Oliver Wendell Holmes in 1846, to portray insensibility to pain induced by 
some drug, shortly after the demonstration of loss of consciousness by inhaled ether during a surgical 
procedure. General anesthesia, for almost two centuries (175 years), has made scientists wonder that how 
under its influence a person loses consciousness and his body becomes insensitive to pain yet the body 
continues performing normal vital physiologic functions. This clearly demonstrates that the central nervous 
system (CNS) is their primary site of action, where the nerve transmission is reduced at the synapses which 
release the neurotransmitters for action in the body. The only information researchers had was that general 
anesthesia works by suspending signals from the brain and body and blocks any record of pain or event 
during this period.

General anesthetic agents, administered through breathing are a collection of various chemically volatile 
hydrophobic molecules and most commonly used are lipid-soluble and structurally related to ether. Since 
their route of administration, they are called inhalational or volatile anesthetics. Since the exact mechanism 
of action was not fully clear, scientists hypothesized they act by blocking the ion channels and proteins of 
the neurotransmitters, by interacting with these proteins in a lipid environment. 

The action of local anesthetics, is however quite clear that they take up a different mechanism employing 
a different class of pharmacologic agents, such as Novocain. By binding to sodium ion channel in the cell 
membrane of nerve cells it inhibits its function by blocking the nerve transmission to pain centers in the 
central nervous system. The movement of nerve impulse around the site of injection is obstructed by this 
action; nonetheless, no change in other areas in sense perception or awareness is observed.

Regarding general anesthesia, the breakthrough came from Research published in PNAS, “Studies on the 
mechanism of general anesthesia,” on May 29, 2020. The researchers Richard Lerner, MD, and molecular 
biologist Scott Hansen, resolved the century-old scientific enigma through the discovery of the mechanism 
of action of anesthesia1. The success was achieved using direct stochastic optical reconstruction 
microscopy (dSTORM), an innovation in microscope technology. 

Advances in Super-resolution techniques have been accomplished through utilizing many techniques such 
as photon tunneling microscopy, near field scanning optical microscopy and Pendry Superlens, all aided by 
computer-assisted methods such as detector-based pixel reassignment (e.g., re-scan microscopy2, 
deconvolution3 or pixel reassignment4, the  4Pi laser scanning fluorescence microscope, and structured 
Vertico spatially modulated illumination (Vertico-SMI) microscopy technologies. Stochastic optical 
reconstruction microscopy (STORM), is a super-resolution imaging technique that sequentially activates and 
localizes photoswitchable fluorophores by time-resolved localization building higher resolution images. 
Fluorophores are activated to a fluorescent state during imaging. A super-resolution image is constructed 
from the image data produced by repeating the process allowing numerous fluorophores to accumulate. 
STORM uses dyes, Cy5 and Cy3, to attach to nucleic acids or proteins with a wide range of probes and 
labeling strategies. The three-dimensional imaging by STORM uses optical astigmatism for axis positions (x, y 
and z) for up to several micrometers thickness samples even in living cells.  Eric Betzig, W.E. Moerner and 
Stefan Hell, in 2014 received Nobel Prize in Chemistry for developing this super-resolved  fluorescence 
microscopy. 

Lerner and Hansen, using nanoscale microscopic techniques, in living cells and  fruit flies, demonstrated 
clusters of lipids as a missing go-between in a two-part mechanism in the cell membrane serve. Exposure to 
anesthesia temporarily converts the  ordered state of lipid  clusters to move into a disordered state, 

increasing their diameter and GM1 (monosialotetrahexosyl ganglioside) or the area of cell membrane lipid 
clusters, and then reverse again, subsequently causing multiple effects which are the basis of changes in 
consciousness. They used (chloroform and isoflurane) to activate an anesthetic-sensitive TREK-1, a 
two-pore-domain potassium (K2P) channel which is activated by phospholipase D2 (PLD2). The tightly 
organized packed ball GM1 cluster is converted into a disordered cluster through disruption of 
fluorescent-tagged PLD2. 

Watching tagged PLD2 via the dSTORM microscope, the researchers were able to observe PLD2 molecules 
scatter like billiard balls, over to a different, less-preferred lipid cluster called PIP2, away from its GM1 home. 
These PIP2 clusters are activated key molecules in TREK1 potassium ion channels and phosphatidic acid 
(PA), their lipid activator. 

TREK-1 channels also called TWIK-related K+ channels, present all through the central nervous system are 
stimulated by polyunsaturated fatty acids and lysophospholipids and are inhibited by neurotransmitters by 
increasing intracellular cAMP which activates the Gq protein pathway5. General anesthetic agents, 
including diethyl ether, chloroform, propofol, isoflurane and xenon, activate TREK-1 by disrupting 
phospholipase D2 (PLD2) localizing lipid rafts and ultimately producing lipid phosphatidic acid (PA). Dead 
PLD2 vigorously blocks anesthetic TREK-1 currents in whole-cell patch-clamp recordings. In short, TREK1 
under the influence of anesthetics, release potassium, hyper-polarizes the nerves and just shuts it down, 
losing its ability to fire, leading to the state of unconsciousness, the researchers explained. To validate their 
findings in a living animal model, the researchers used PLD expression knocked out fruit fly,  Drosophila 
melanogaster. They found these knocked-out flies resistant to anesthetics, requiring double exposure to get 
the equivalent sedation effect from anesthetics.

Researchers believe that this will unravel molecular events of the brain’s other hidden mysteries such as 
falling asleep and waking up. There are, however, many questions still unanswered. This may not be the only 
pathway in charge of the anesthetic activity, researchers agree. Why some people under anesthesia do not 
wake up at all!  What are the key mediators or proteins in other words of anesthesia!

Researchers still cannot fully describe the two complicating factors in the action of these agents. Firstly, 
volatile anesthetics require high concentrations for action which mediate many of the nerve cell membrane 
protein’s functions. This makes it difficult for the researcher to determine the key anesthetic action mediator. 
Secondly, volatile anesthetics primarily interact with proteins in a lipid environment for their effect on 
synaptic neurotransmission. Structural data of these proteins is required to understand the interaction of 
anesthetics with proteins and how their function is altered. It is difficult to detect the structural information of 
membrane proteins. With the absence of data in this regards it is not possible to determine the point of the 
primary effect of anesthetics whether it is by directly interacting with these proteins, or in some way through 
interaction with the surrounding lipids. Thus, scientists are exploring modeling of anesthetic binding to 
protein, a different approach using the sophisticated model of structural proteins in a lipid environment and 
determination of the detailed structure of anesthetic binding to soluble proteins to explain anesthetic action 
at the molecular level.

These limitations, however, did not discourage the researchers. The induction of an anesthetic “state” at the 
molecular level is being explored by using multiple techniques in molecular biology. Pharmacologic agents, 
ranging from single atoms to a wide range of anesthetics can produce loss of awareness and insensibility to 
pain, for example, xenon to polycyclic hydrocarbons. All these different agents do not appear to have the 
same molecular target. Therefore, the concept that all anesthetic agents act through one molecular 
mechanism of action is a most likely generalization. Molecular genetics techniques are now also being 
utilized to study the mechanism of action of anesthesia. So far researchers, in lower organisms, have 
received promising results by altering specific protein function, they have detected the protein 
link-to-resistance to anesthetic action. This research can help identify the specific proteins to target for 
anesthetic action. 

Today, the advances in technology provide us an opportunity to utilize these tools to answer many 
obligatory questions. Future research with new insights into this area will benefit humanity by fulfilling the 
gaps in knowledge.
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INTRODUCTION
Renal stones are prevalent worldwide, tormenting 
as the third most commonly occurring renal disease 
after Urinary tract infection and prostate problems 
such as benign prostate hyperplasia, approximately 
20% incidence rates have been recorded with 
higher frequencies in Asian countries like India, 
Pakistan, Afghanistan, and Nepal. Pakistan is known 
to be geographically situated on the Afro-Asian 
stone belt, which makes Pakistani population 
incidence rates higher than neighboring countries. 
The reason for increased prevalence varies 
between the geographical placement of Pakistan 
along with nutritional deficiencies and delayed 
health-seeking behavior of population1,2.

Renal physiology tends to pass out the small renal 
stone with a maximum of 0.4 cm of size, any stone 
larger than 0.4 cms could be stuck in the kidney or 
ureter, causing severe pain, hydronephrosis, hema-
turia, and obstructive uropathy. In the 0.4cms size 
stones, 70%-90% are passed without any adverse 
outcome and sometimes cause mild and tolerable 
pain to the patient3,4. The size of renal stones deter-
mines the requirement of intervention in urology; 
smaller stones with higher chances of smooth 
passage do not usually require any intervention the 
best method is to wait. The urology surgeons decide 
after complete evaluation of stone size, site, and 
location whether any kind of intervention is neces-
sary or not. The protocols to manage ureteric calculi 
have been progressed in the past few decades 
from percutaneous nephrolithotomy for pushed 
back stones, extracorporeal shockwave lithotripsy 
(ESWL) to ureteroscopy (URS). Especially in manag-
ing the middle and distal area, ureteric calculi have 
been changed enormously after the introduction of 
assorted ureteroscopy methodologies and 
lithotripters. From the list of many procedures, two 
lithotripters are known as most effective in the 
present era, an old and trusted Pneumatic lithoclast 
and a new, modified, and efficient holmium YAG 
laser5,6. The published literature is supportive of laser 
with an efficacy of 92% for laser and 82.1% for 
lithoclast. Some researchers assessed the mean 
difference of stone fragmentation time and 
stone-free rates amid both lithotripters and speci-
fied higher fragmentation and reduced lithotripsy 
period in laser7,8. 

Pneumatic lithoclast is more frequently used by 
urologists as they are known to be easy to use, 
install, and comparatively cost-effective. Pneumat-
ic lithoclast is a cheap treatment option for patients. 
However, complications like increased retropulsion 
of stone in kidney especially while fragmenting 
larger calculi8. Coagulation properties along with 
vaporization of tissues, holmium laser has come 
forward as a superior substitute to pneumatic 
lithotripter. Holmium YAG laser can clear all types 

and sizes of stones. However, its elevated cost and 
preservation cost restricts its use in developing 
countries like Pakistan. Research with 102 partici-
pants indicated 50% efficacy of SFR with pneumatic 
lithoclast for ureteric stones9. 

With the arrival of innovative versions of lithotripters, 
urologists’ job has been made easy with decreased 
chances of retropulsion and resulting morbidity. 
Urology institutes of Pakistan pneumatic lithoclast 
were tried and tested modality for ureteric calculi 
for decades, Holmium Yag laser is comparatively 
new and has only been used in two institutes of 
Karachi, Pakistan. The usage of holmium YAG laser 
requires highly experienced surgeons, increased 
cost, and maintenance, which is not fitting for small 
capacity urology centers. The study results will be a 
beneficial addition to the literature for any differ-
ence present in Stone Free Rates, post-operative 
complication, smaller operative span, duration of 
lithotripter activation (minutes), and total operative 
time difference within both modalities. This study 
aimed to compare the efficacy of pneumatic 
lithoclast and holmium YAG laser in the treatment of 
ureteric calculi measuring < 2.0cms and to evaluate 
Stone-free rate (SFR), postoperative complications, 
and operative duration. 

METHODS
This is a prospective study with a cross-sectional 
research design. The patient data (n=60) was 
obtained from the kidney center, Urology Depart-
ment, Karachi Pakistan. The data were collected for 
four months starting from December 2020. Upon 
ethical approval from the institutional ethical review 
committee with reference # 48-URO-070223. A 
purposive, non-probability sampling technique was 
used, patients reporting in health care institutes 
ranging from 16-65 years age group presented with 
ureteric stones within four months were enrolled in 
the study. CT KUB was used as a diagnostic tool to 
confirm stone size, laterality, and location within the 
ureter. Only 0.5 to 02 cms of size ureteric stones were 
included in the study. Patients with large stone sizes, 
multiple stones, and gross hydronephrosis were 
excluded from the study. After signing the consent, 
the demographic details, such as age, weight, 
gender, relevant history about co-morbidities and 
previous renal stone history, and laboratory investi-
gations were recorded.

Computer-based software was used for randomiza-
tion to minimize the confounding factors; partici-
pants were randomly sorted into two groups. Group 
A included the patients who got Holmium YAG laser 
modality while Group B patients got Pneumatic 
lithoclast as a modality. Fragmentation time and 
SFR on the operation table were documented. 
Patients were asked to visit OPD after 7 days of 
procedure for follow-up; imaging modalities such as 

X-rays and ultrasound of Kidneys,  Ureters, and 
Bladder (KUB) areas were performed to assess the 
presence of residual stones and evaluate stone-free 
rates, and confirmation of any residual calculi or 
retropulsion calculi on follow up radiological 
reports. No retropulsion with complete clearance 
on the 7th follow-up day of surgery was measured as 
effective surgery. All the collected data were 
entered in version 20 of the statistical package for 
social science (SPSS). SPSS was used for the analysis 
of data; descriptive variables such as age, weight, 
gender was analyzed, and results were measured in 
mean and standard deviation values. Stone char-
acteristics including size and operative details with 
lithotripsy time, serum creatinine was mentioned as 
meanwhile stone location and site were reported in 
frequencies. An independent two-sample “t” test 
was performed to evaluate the difference for the 
continuous variables. A p-value of 0.05 or less was 
measured as statistically significant.

RESULTS
The sample size n=60 of the study having age 16-65 
years with the predominant age group was 30-35 
years. Patients were arranged in equal numbers in 
two clusters (groups), in group A 30 patients went 
through Ho: YAG laser for stone fragmentation of 
ureter, similarly, group B participants had pneumat-
ic Lithoclast in 30 patients. To eliminate the chances 
of biased results, the significance of the data was 
measured. The mean age of group A members was 
34.8±4.0 years and 34.5±3.4 years in group B. The 
gender allocation of groups was 36.7% male and 
63.3% female, and 40% male and 60% female for 
Laser and Pneumatic. The statistics were significant, 
p-value <0.05. The dominance of the female popu-
lation in our study is diverse from other referenced 
studies. The serum creatinine was calculated in 
mean ± standard deviation, representing an 
outcome of 1.0±0.9 and 1.2±1.1 for the Laser and 
Pneumatic groups respectively, with a significant 
p-value<0.05. 
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Anesthesia, the term was coined by Oliver Wendell Holmes in 1846, to portray insensibility to pain induced by 
some drug, shortly after the demonstration of loss of consciousness by inhaled ether during a surgical 
procedure. General anesthesia, for almost two centuries (175 years), has made scientists wonder that how 
under its influence a person loses consciousness and his body becomes insensitive to pain yet the body 
continues performing normal vital physiologic functions. This clearly demonstrates that the central nervous 
system (CNS) is their primary site of action, where the nerve transmission is reduced at the synapses which 
release the neurotransmitters for action in the body. The only information researchers had was that general 
anesthesia works by suspending signals from the brain and body and blocks any record of pain or event 
during this period.

General anesthetic agents, administered through breathing are a collection of various chemically volatile 
hydrophobic molecules and most commonly used are lipid-soluble and structurally related to ether. Since 
their route of administration, they are called inhalational or volatile anesthetics. Since the exact mechanism 
of action was not fully clear, scientists hypothesized they act by blocking the ion channels and proteins of 
the neurotransmitters, by interacting with these proteins in a lipid environment. 

The action of local anesthetics, is however quite clear that they take up a different mechanism employing 
a different class of pharmacologic agents, such as Novocain. By binding to sodium ion channel in the cell 
membrane of nerve cells it inhibits its function by blocking the nerve transmission to pain centers in the 
central nervous system. The movement of nerve impulse around the site of injection is obstructed by this 
action; nonetheless, no change in other areas in sense perception or awareness is observed.

Regarding general anesthesia, the breakthrough came from Research published in PNAS, “Studies on the 
mechanism of general anesthesia,” on May 29, 2020. The researchers Richard Lerner, MD, and molecular 
biologist Scott Hansen, resolved the century-old scientific enigma through the discovery of the mechanism 
of action of anesthesia1. The success was achieved using direct stochastic optical reconstruction 
microscopy (dSTORM), an innovation in microscope technology. 

Advances in Super-resolution techniques have been accomplished through utilizing many techniques such 
as photon tunneling microscopy, near field scanning optical microscopy and Pendry Superlens, all aided by 
computer-assisted methods such as detector-based pixel reassignment (e.g., re-scan microscopy2, 
deconvolution3 or pixel reassignment4, the  4Pi laser scanning fluorescence microscope, and structured 
Vertico spatially modulated illumination (Vertico-SMI) microscopy technologies. Stochastic optical 
reconstruction microscopy (STORM), is a super-resolution imaging technique that sequentially activates and 
localizes photoswitchable fluorophores by time-resolved localization building higher resolution images. 
Fluorophores are activated to a fluorescent state during imaging. A super-resolution image is constructed 
from the image data produced by repeating the process allowing numerous fluorophores to accumulate. 
STORM uses dyes, Cy5 and Cy3, to attach to nucleic acids or proteins with a wide range of probes and 
labeling strategies. The three-dimensional imaging by STORM uses optical astigmatism for axis positions (x, y 
and z) for up to several micrometers thickness samples even in living cells.  Eric Betzig, W.E. Moerner and 
Stefan Hell, in 2014 received Nobel Prize in Chemistry for developing this super-resolved  fluorescence 
microscopy. 

Lerner and Hansen, using nanoscale microscopic techniques, in living cells and  fruit flies, demonstrated 
clusters of lipids as a missing go-between in a two-part mechanism in the cell membrane serve. Exposure to 
anesthesia temporarily converts the  ordered state of lipid  clusters to move into a disordered state, 

increasing their diameter and GM1 (monosialotetrahexosyl ganglioside) or the area of cell membrane lipid 
clusters, and then reverse again, subsequently causing multiple effects which are the basis of changes in 
consciousness. They used (chloroform and isoflurane) to activate an anesthetic-sensitive TREK-1, a 
two-pore-domain potassium (K2P) channel which is activated by phospholipase D2 (PLD2). The tightly 
organized packed ball GM1 cluster is converted into a disordered cluster through disruption of 
fluorescent-tagged PLD2. 

Watching tagged PLD2 via the dSTORM microscope, the researchers were able to observe PLD2 molecules 
scatter like billiard balls, over to a different, less-preferred lipid cluster called PIP2, away from its GM1 home. 
These PIP2 clusters are activated key molecules in TREK1 potassium ion channels and phosphatidic acid 
(PA), their lipid activator. 

TREK-1 channels also called TWIK-related K+ channels, present all through the central nervous system are 
stimulated by polyunsaturated fatty acids and lysophospholipids and are inhibited by neurotransmitters by 
increasing intracellular cAMP which activates the Gq protein pathway5. General anesthetic agents, 
including diethyl ether, chloroform, propofol, isoflurane and xenon, activate TREK-1 by disrupting 
phospholipase D2 (PLD2) localizing lipid rafts and ultimately producing lipid phosphatidic acid (PA). Dead 
PLD2 vigorously blocks anesthetic TREK-1 currents in whole-cell patch-clamp recordings. In short, TREK1 
under the influence of anesthetics, release potassium, hyper-polarizes the nerves and just shuts it down, 
losing its ability to fire, leading to the state of unconsciousness, the researchers explained. To validate their 
findings in a living animal model, the researchers used PLD expression knocked out fruit fly,  Drosophila 
melanogaster. They found these knocked-out flies resistant to anesthetics, requiring double exposure to get 
the equivalent sedation effect from anesthetics.

Researchers believe that this will unravel molecular events of the brain’s other hidden mysteries such as 
falling asleep and waking up. There are, however, many questions still unanswered. This may not be the only 
pathway in charge of the anesthetic activity, researchers agree. Why some people under anesthesia do not 
wake up at all!  What are the key mediators or proteins in other words of anesthesia!

Researchers still cannot fully describe the two complicating factors in the action of these agents. Firstly, 
volatile anesthetics require high concentrations for action which mediate many of the nerve cell membrane 
protein’s functions. This makes it difficult for the researcher to determine the key anesthetic action mediator. 
Secondly, volatile anesthetics primarily interact with proteins in a lipid environment for their effect on 
synaptic neurotransmission. Structural data of these proteins is required to understand the interaction of 
anesthetics with proteins and how their function is altered. It is difficult to detect the structural information of 
membrane proteins. With the absence of data in this regards it is not possible to determine the point of the 
primary effect of anesthetics whether it is by directly interacting with these proteins, or in some way through 
interaction with the surrounding lipids. Thus, scientists are exploring modeling of anesthetic binding to 
protein, a different approach using the sophisticated model of structural proteins in a lipid environment and 
determination of the detailed structure of anesthetic binding to soluble proteins to explain anesthetic action 
at the molecular level.

These limitations, however, did not discourage the researchers. The induction of an anesthetic “state” at the 
molecular level is being explored by using multiple techniques in molecular biology. Pharmacologic agents, 
ranging from single atoms to a wide range of anesthetics can produce loss of awareness and insensibility to 
pain, for example, xenon to polycyclic hydrocarbons. All these different agents do not appear to have the 
same molecular target. Therefore, the concept that all anesthetic agents act through one molecular 
mechanism of action is a most likely generalization. Molecular genetics techniques are now also being 
utilized to study the mechanism of action of anesthesia. So far researchers, in lower organisms, have 
received promising results by altering specific protein function, they have detected the protein 
link-to-resistance to anesthetic action. This research can help identify the specific proteins to target for 
anesthetic action. 

Today, the advances in technology provide us an opportunity to utilize these tools to answer many 
obligatory questions. Future research with new insights into this area will benefit humanity by fulfilling the 
gaps in knowledge.
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INTRODUCTION
Renal stones are prevalent worldwide, tormenting 
as the third most commonly occurring renal disease 
after Urinary tract infection and prostate problems 
such as benign prostate hyperplasia, approximately 
20% incidence rates have been recorded with 
higher frequencies in Asian countries like India, 
Pakistan, Afghanistan, and Nepal. Pakistan is known 
to be geographically situated on the Afro-Asian 
stone belt, which makes Pakistani population 
incidence rates higher than neighboring countries. 
The reason for increased prevalence varies 
between the geographical placement of Pakistan 
along with nutritional deficiencies and delayed 
health-seeking behavior of population1,2.

Renal physiology tends to pass out the small renal 
stone with a maximum of 0.4 cm of size, any stone 
larger than 0.4 cms could be stuck in the kidney or 
ureter, causing severe pain, hydronephrosis, hema-
turia, and obstructive uropathy. In the 0.4cms size 
stones, 70%-90% are passed without any adverse 
outcome and sometimes cause mild and tolerable 
pain to the patient3,4. The size of renal stones deter-
mines the requirement of intervention in urology; 
smaller stones with higher chances of smooth 
passage do not usually require any intervention the 
best method is to wait. The urology surgeons decide 
after complete evaluation of stone size, site, and 
location whether any kind of intervention is neces-
sary or not. The protocols to manage ureteric calculi 
have been progressed in the past few decades 
from percutaneous nephrolithotomy for pushed 
back stones, extracorporeal shockwave lithotripsy 
(ESWL) to ureteroscopy (URS). Especially in manag-
ing the middle and distal area, ureteric calculi have 
been changed enormously after the introduction of 
assorted ureteroscopy methodologies and 
lithotripters. From the list of many procedures, two 
lithotripters are known as most effective in the 
present era, an old and trusted Pneumatic lithoclast 
and a new, modified, and efficient holmium YAG 
laser5,6. The published literature is supportive of laser 
with an efficacy of 92% for laser and 82.1% for 
lithoclast. Some researchers assessed the mean 
difference of stone fragmentation time and 
stone-free rates amid both lithotripters and speci-
fied higher fragmentation and reduced lithotripsy 
period in laser7,8. 

Pneumatic lithoclast is more frequently used by 
urologists as they are known to be easy to use, 
install, and comparatively cost-effective. Pneumat-
ic lithoclast is a cheap treatment option for patients. 
However, complications like increased retropulsion 
of stone in kidney especially while fragmenting 
larger calculi8. Coagulation properties along with 
vaporization of tissues, holmium laser has come 
forward as a superior substitute to pneumatic 
lithotripter. Holmium YAG laser can clear all types 

and sizes of stones. However, its elevated cost and 
preservation cost restricts its use in developing 
countries like Pakistan. Research with 102 partici-
pants indicated 50% efficacy of SFR with pneumatic 
lithoclast for ureteric stones9. 

With the arrival of innovative versions of lithotripters, 
urologists’ job has been made easy with decreased 
chances of retropulsion and resulting morbidity. 
Urology institutes of Pakistan pneumatic lithoclast 
were tried and tested modality for ureteric calculi 
for decades, Holmium Yag laser is comparatively 
new and has only been used in two institutes of 
Karachi, Pakistan. The usage of holmium YAG laser 
requires highly experienced surgeons, increased 
cost, and maintenance, which is not fitting for small 
capacity urology centers. The study results will be a 
beneficial addition to the literature for any differ-
ence present in Stone Free Rates, post-operative 
complication, smaller operative span, duration of 
lithotripter activation (minutes), and total operative 
time difference within both modalities. This study 
aimed to compare the efficacy of pneumatic 
lithoclast and holmium YAG laser in the treatment of 
ureteric calculi measuring < 2.0cms and to evaluate 
Stone-free rate (SFR), postoperative complications, 
and operative duration. 

METHODS
This is a prospective study with a cross-sectional 
research design. The patient data (n=60) was 
obtained from the kidney center, Urology Depart-
ment, Karachi Pakistan. The data were collected for 
four months starting from December 2020. Upon 
ethical approval from the institutional ethical review 
committee with reference # 48-URO-070223. A 
purposive, non-probability sampling technique was 
used, patients reporting in health care institutes 
ranging from 16-65 years age group presented with 
ureteric stones within four months were enrolled in 
the study. CT KUB was used as a diagnostic tool to 
confirm stone size, laterality, and location within the 
ureter. Only 0.5 to 02 cms of size ureteric stones were 
included in the study. Patients with large stone sizes, 
multiple stones, and gross hydronephrosis were 
excluded from the study. After signing the consent, 
the demographic details, such as age, weight, 
gender, relevant history about co-morbidities and 
previous renal stone history, and laboratory investi-
gations were recorded.

Computer-based software was used for randomiza-
tion to minimize the confounding factors; partici-
pants were randomly sorted into two groups. Group 
A included the patients who got Holmium YAG laser 
modality while Group B patients got Pneumatic 
lithoclast as a modality. Fragmentation time and 
SFR on the operation table were documented. 
Patients were asked to visit OPD after 7 days of 
procedure for follow-up; imaging modalities such as 

X-rays and ultrasound of Kidneys,  Ureters, and 
Bladder (KUB) areas were performed to assess the 
presence of residual stones and evaluate stone-free 
rates, and confirmation of any residual calculi or 
retropulsion calculi on follow up radiological 
reports. No retropulsion with complete clearance 
on the 7th follow-up day of surgery was measured as 
effective surgery. All the collected data were 
entered in version 20 of the statistical package for 
social science (SPSS). SPSS was used for the analysis 
of data; descriptive variables such as age, weight, 
gender was analyzed, and results were measured in 
mean and standard deviation values. Stone char-
acteristics including size and operative details with 
lithotripsy time, serum creatinine was mentioned as 
meanwhile stone location and site were reported in 
frequencies. An independent two-sample “t” test 
was performed to evaluate the difference for the 
continuous variables. A p-value of 0.05 or less was 
measured as statistically significant.

RESULTS
The sample size n=60 of the study having age 16-65 
years with the predominant age group was 30-35 
years. Patients were arranged in equal numbers in 
two clusters (groups), in group A 30 patients went 
through Ho: YAG laser for stone fragmentation of 
ureter, similarly, group B participants had pneumat-
ic Lithoclast in 30 patients. To eliminate the chances 
of biased results, the significance of the data was 
measured. The mean age of group A members was 
34.8±4.0 years and 34.5±3.4 years in group B. The 
gender allocation of groups was 36.7% male and 
63.3% female, and 40% male and 60% female for 
Laser and Pneumatic. The statistics were significant, 
p-value <0.05. The dominance of the female popu-
lation in our study is diverse from other referenced 
studies. The serum creatinine was calculated in 
mean ± standard deviation, representing an 
outcome of 1.0±0.9 and 1.2±1.1 for the Laser and 
Pneumatic groups respectively, with a significant 
p-value<0.05. 
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