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EDITORIAL

ANAESTHESIA IN THE NEW ERA OF PERSONALIZED /
PRECISION MEDICINE

Recently, we have seen a change in the understanding of the concept of practicing clinical
medicine. It seems that the time of characterizing patients with similar signs and symptoms in
groups and subgroups, in order to manage their treatment and ignoring heterogeneity in terms of
their age, gender and comorbid conditions, is slowly passing by. Patients with similar symptoms
may have different illnesses, with different causes; and similarly, medical interventions may work
well in some patients with a disease, but not in other ones with apparently same disease. If we think
of our patients as individuals and not as a disease, we will have greater success in their treatment
avoiding harm and increasing benefit.

We have to take into consideration that each patient has his unique genetic profile. The
development of the molecular biology, as a cornerstone of determination genetic variability in
patients’ responses to huge number of treatments, has crucial role in this setting. The path to
personalized medicine has been opened focusing on the single individual.

Researchers have discovered hundreds of genes that harbor variations contributing to human
illness and have begun to target the molecular causes of some diseases. In addition, they are
developing and using diagnostic tests based on genetics or other molecular mechanisms to predict
better the patients’ responses to targeted therapy (1).

Genomic medicine, which refers to the use of information from genomes and their derivatives
(RNA, proteins, and metabolites) in order to guide medical decision making is a key component of
personalized medicine (2). Thus, personalized medicine became a rapidly advancing field of health care
that is informed by each person’s unique clinical, genetic, genomic, and environmental information.

If it is accepted that in critical care the success of personalized medicine depends on having
accurate diagnostic tests, that identify patients who can benefit from targeted therapies and can
predict outcomes, then what is the situation with the anaesthesia? In anaesthesia the word “precision
medicine” is more applicable, as here the focus is on identifying which approaches will be effective
for which patients, based on genetic, environmental and lifestyle factors. Therefore preferred term
in anesthesia is “precision medicine” instead of “personalized medicine”.

It is not too much to say that the concept of personalized anaesthesia is not quite new. In
the history of anaesthesia there are few examples where pharmacogenomic has implications for
anaesthesia. For example, prolonged apnea after suxamethonium due to the inherited deficiency
of pseudocholinestrase was the base of huge number of researches, such as the research that
showed that low pseudocholinesterase activity might be risk factor for succinylcholine induced
hyperkalemia (3), or the appearance of malignant hyperthermia due to gene mutations.

Furthermore, we can look in the theory of molecular anaesthesia. Because there are still
controversies regarding this theory (4, 5), to confirm this concept, the invention of link between

molecular anaesthesia and novel cellular and molecular mechanisms is very important.
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The advantage of anaesthesia lays, beside on a rapid development of technology, on these new
researches on possible interactions of the newly discovered molecules and interaction mechanisms
of anaesthetic drugs with organ systems. An inseparable part of these advances is a targeted
postoperative treatment. New approaches using biology systems will allow personalized and precise
perioperative and postoperative treatment of our patients. The three parts of this link will enable
patients to be treated and monitored more precisely and effectively and in ways that better meet
their individual needs. Randomized clinical trials are needed to reach this goal. One of the reasons
behind the lack of effective new therapies relates to problems in performing randomized clinical
trials in the very heterogeneous patient populations. Performing randomized controlled trials in such
mixed groups of patients will almost inevitably result in an inconclusive result as some patients in
each group will respond to the therapy and others will not (6). Therefore, true precision medicine,
in which medical treatments will be customized to an individual’s molecular and genetic make-up,
can be reached by our ability to identify subgroups within subgroups that will increase until we
reach the point at which each subgroup consists of just one patient (7, 8). So, we expect to see more
efficient clinical trials based on more thorough understanding of the genetic basis of disease. We
also anticipate that some previously failed medications will be recognized as safe and effective and
will be approved for subgroups of patients with specific genetic markers (1).

Personalised medicine in critical care has made significant progress with gene-based therapies.
Novel approach like genetic make-up or genetic profile of an individual is a big challenge for

precise medicine in anaesthesia. We are ready to hear what authors have to say in this field.
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OUR EXPERIENCES OF LOW DOSAGE SPINAL
ANESTHESIA IN EMERGENCY TRAUMA PATIENTS

Sholjakova M, Temelkovska Stevanovska M?, Durnev V?

" Medical Faculty, “Ss’ Cyril and Methodius” University, Skopje, R. Macedonia

2 University Clinic of Trauma & Orthopedics, Anesthesia, Reanimation, & Intensive Care and
Emergency Medicine, Clinical Center “Mather Theresa”, Medical Faculty, “Ss’ Cyril and
Methodius” University, Skopje, R. Macedonia

ABSTRACT

Background: Nowadays, spinal anesthesia (SA) for trauma and orthopedics low limb surgery
becomes a standard procedure because of its simplicity and fewer complications versus general
anesthesia (GA). The development of peroperative hypotension and bradicardia during SA are
common side effects, and they can be found in less than 30% of the cases (mostly in emergent
cases and geriatric population) (1). Low dose SA with its quick onset and few complications
seem to be an alternative for those patients. There are only few data about its use in emergent
trauma patients (2, 3, 4).

The aim of the study was to compare the effects of standard spinal anesthesia (SSA) vs.
LDSA in emergency trauma cases and to analyze its efficiency, peroperative clinical manifestation
and side effects.

Design: A prospective randomized study.

Settings: University Clinic of Trauma & Orthopedics, Anesthesia, Reanimation, & Intensive
Care and Emergency Medicine, Clinical Center ‘“Mather Theresa”, Skopje, R. Macedonia.

Patients and methods: One hundred healthy patients (ASA I/IT) accepted as emergency
cases undergoing low limb surgery (n=100) were randomly divided into two groups: anesthetized
with standard spinal bupivacaine anesthesia (SSA) and low dose spinal anesthesia (LDSA): SSA
(n=50) and LDSA (n=50). All patients for low dose spinal anesthesia were administered single
dose of bupivacaine (10-12 mg according BMI) with 20 pg Fentanyl. The patients” hemodynamic
(blood pressure, heart rate, ECG), respiratory parameters (respiratory rate, oxygen saturation -
Sa0,) and resuscitation interventions (ephedrine/fluids requirements) were measured six times:
before spinal puncture (t0) and during anesthesia (t1-t5). Analgesics and low dose spinal side
effects in emergent trauma patients were analyzed.

Results: The basic hemodynamic data statistically were without significant differences (p>
0.05). A statistically significant hypotension (>30%) was noted in two patients receiving SSA (p
< 0.01), but not in patients with LDSA. The episodes of hypotension in patients anaesthetized

with SSA were found in 20% of the cases and they were short, <2 minutes, but none in patients
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with LDSA. An unsatisfactory block was developed in 4% of the patients anaesthetized with
LDSA. LDSA, compared to SSA, leads to more stable hemodynamics of the patients, without
compromising the respiratory parameters and less resuscitation interventions (p<0.01).

Conclusion: The use of low dosage spinal anesthesia in emergency trauma patients has many
advantages, such as stable hemodynamic and respiration parameters and better resuscitation
performance. Standard spinal anesthesia with bupivacaine and low dosage spinal anesthesia can
be used safely for emergent surgery of low limbs in healthy patients.

Key words: emergency surgery of low limbs, low dose spinal anesthesia, hypotension,

resuscitation with ephedrine and fluids, spinal anesthesia.

’

Corresponding Author: Marija Sholjakova, Medical Faculty, ““Ss’ Cyril and Methodius’
University, Skopje, R. Macedonia, free researcher;
tel. +389 71 243 490; E-mail: msoljakova@yahoo.com

Introduction

The importance of regional anesthesia for managing trauma patients has been demonstrated
in many challenging situations and environments as natural disasters and military conflicts.
Neuraxial spinal block in emergency trauma patients, undergoing surgical bone fixation or
external fixation, is a challenging anesthesia approach with several advantages. The usage of SA
reduces the peroperative bleeding, and the undesirable postoperative complications (1). Spinal
anesthesia is frequently accompanied by hypotension (>20-30 % fall from baseline) (2). Without
a pharmacological prophylaxis (excessive fluid load, low dose spinal anesthesia or vazopressors),
the incidence of hypotension can exceed up to 50-60% (3).

It was shown that LDSA used in trauma patients with a single fracture of the low limbs can
produce a stable hemodynamic and is suitable, especially when hypovolemia has been corrected
before the establishing of the spinal block (4). The problem appears with the emergency trauma
patients that are in shock and should be immediately operated.

The use of crystalloid or colloid for treatment of peroperative hypotension during spinal
anesthesia does not prevent the cardiovascular complications in emergency trauma patients. The
use of vasopressors is an obligation. However, side effects such as hypotension, bradycardia,
urinary retention, post spinal headache or neurological injuries are also common in standard spinal
anesthesia (SSA). It is well known that the volume, dose of injected drug, speed of injection and
the height of subarachnoid block could enhance those complications (5).

In 2008, it has been shown that lowering the dose of local anesthetic with supplementary
analgesia (low dose spinal anesthesia -LDSA) is a safe method for surgery of low limbs of
elderly trauma patients (6,9). This is based on spinal injection of small dose of local anesthetic,
reduced to half, combined with small dose of opiod as an adjuvant. This combination of low
dose of local anesthetics and opiod can reduce the side-effects without compromising the quality

of analgesia (10).
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Our experiences of low dosage spinal anesthesia in emergency trauma patients

The studies on LDSA for surgical procedures on healthy patients, American Society of
Anesthesiologists (ASA) physical status I and II, undergoing emergency surgery of fractured
bones in low limbs are relatively unexplored and few data exists about its use, which was an
initial challenge to do this study.

Prospective randomized study was done with an aim to compare the effects of standard
spinal anesthesia (SSA) vs. LDSA in emergency trauma cases and to analyze the efficiency,
peroperative clinical manifestations and side effects.

We hypothesized that low-dose bupivacaine with intrathecal fentanyl may provide more
beneficially effects on the quality of the spinal block in patients undergoing emergency single

fracture repair.

Material and method

This randomized prospective trial was conducted at University Clinic of Trauma & Orthopedics,
Anesthesia, Reanimation, & Intensive Care and Emergency Medicine, in tertiary medical centre
“Mother Teresa” in Skopje, the Republic of Macedonia, in the period of two years (2013- 2015).
Ethical approval for this study was provided by the Institutional Ethical Committee of the Clinic
of Anesthesiology at Medical Faculty, Skopje, Macedonia.

The study included all healthy patients with fracture of low limbs for emergency fracture
repair, who voluntarily collaborated in the study.

Patients with polytrauma (neurotrauma or back damaged) were excluded from the study,
as well as the patients with morbidities, or development of circulatory disturbances during the
preparation for anesthesia.

After obtaining written information consent from each patient, we enrolled the total of one
hundred healthy patients ASA physical status I and II, undergoing emergent surgery of fractured
bones of low limbs (n=100). According to the type of spinal anesthesia, they were randomly
divided in two groups. Patients who received standard dose bupivacaine spinal anesthesia (SSA)
were in group A(n=50) and those who received low dose bupivacaine spinal anesthesia (LDSA)
were in group B(n=50).

An hour before the anesthesia, for all patients a routine pre-anesthetic check-up was done
(physical examination of health condition, ASA evaluation and routine lab investigations).

All emergency patients with fractured bones, an hour prior to surgery received analgesia
(NSAID) and light sedation with diazepam 5 mg. All enrolled patients fasted (no food and
water) 6 hours prior the surgery. After the entrance in the preoperative area electrocardiography,
non-invasive blood pressure (BP), heart rate (HR), respiratory rate (RR) and oxygen saturation
(pSO2), started to be monitored and continued during the surgical procedure. Baseline Arterial
Blood Pressure (BP) and Hearth Rate (HR) were measured and an intravenous line in cephalic
vein was secured. Prior the procedure, baseline BP and HR were obtained (t0). The hemodynamic

parameters were measured and documented five times at 2.5 or 5 minutes intervals from t1-t5.
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A preload of IV infusion of 500 mL of lactated Ringer’s solution was infused over a period
of 20 minutes. During the surgical procedure, the amount of the infused lactated Ringer was
maintained according the BP.

Spinal anesthesia was administered in lateral laid position using 26-27 G Braun Pencam
needle. SSA (Group A) received an isobaric solution of 17 mg 0.5% bupivacaine in 3.2 ml at the
level L3-4 and patients were made supine immediately. Patients for low dose spinal anesthesia
(Group B) were administered intrathecally (L3-4), a single dose of isobaric 0.5% bupivacaine
(10 - 12 mg) with 20 ug fentanyl, and saline up to 3.2 ml.

The upper sensory level was checked at 5 minutes, using loss of cold sensation to ice.

A protocol list for all enrolled patients (total n=100) was maintained. A blind researcher noted
five times the patients’ blood pressure, heart rate, respiratory rate, ECG, pSO2, ephedrine/fluids
requirements and side effects. They were measured before spinal puncture (t0), during anesthesia:
t1-t2, each 5 minutes after the spinal puncture, t3 —after 15 minutes, t4 - after 25 minutes, t5 -after
40 minutes and t6- at the end of the surgery. Analysis of the effects and side effects of spinal and
low dose spinal anesthesia on patients’ hemodynamic and level of analgesia were done.

Hypotension was defined as 20-30% decrease in Systolic Blood Pressure (SBP) from the
baseline value or absolute value lower to 95 mm Hg, and it was treated with ephedrine i.v. (5
mg every 2 minutes if needed); Episodes of bradicardia (HR<50 min) were solved with 0,5 mg
atropine or more if required.

Statistics: Data were statistically analyzed. Mean and standard deviation of the variables
were obtained, the differences of the variables and data were compared to the test of Differences
(p<0.05 was statistical significant difference). The Mann-Whitney U test was used to compare

the grouped parameters.

Results
Demographic data of all participants in this trial are presented in Table 1. Demographic data are

presented as mean =+ standard deviation (M+SD) for all variables and the differences were obtained.

Table 1. Demographic data of the patients undergoing the study groups (M=SD).

Group A (n=50 Group B (n=50
Parameters (SS AI)) ( ) (LDSIZX) ( ) p
Gender (M/F) 43/7 26/24 /
Age (years) 459473 47.4+14.4 0.8396
Height (cm) 176.1£9.8 171.01£7.0 0.2153
Weight (kg) 89.3+20.3 71.07+5.4 0.0770
Type of surgery |Fixation of the low limb fracture |Fixation of the low limb fracture

*n<0.05 significant difference

In demographic data no differences were observed between the groups A and B (p>0.05). There

was difference in gender between Groups A and B, the majority of the patients were male (69 vs. 31).
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Our experiences of low dosage spinal anesthesia in emergency trauma patients

In the study, we evaluated and compared the received 5 times data with the baseline values,
and an inter group evaluation (spinal vs. low dose spinal anesthesia).
Because the Systolic Blood pressure is more precise indication for hypotension, Table 2

presents the obtained results of the non - invasive measurement of SBP and the variation in 6 times.

Table 2 Systolic blood pressure in the study groups (M£SD).

Groups Group A (n=50) Group B (n=50)
Time (SSA) (LDSA) P
t0 138.12+15.46 138.10+22.8 0.9755
t1 103.25+2797 119.7£17.2* 0.0006
2 114.64+21.57 115.8+17.0 0.7582
3 119.64+13.86 112.2+10.3* 0.0032
t4 112.72+17.8 112.5+11.3 0.9467
t5 118.7£17.00 116.1£13.6 0.4005
The differences of SBP in the groups (from the baseline values)

A-SSA B-LDSA

0/t p=0.0000; p=0.00

t0/t2  p=0.0000; p=0.0000

t0/t3  p=0.0000; p

*p<0.05 significant difference

There were observed episodes of hypotension in the Group of patients anesthetized with
SSA (Group A). After 5™ minute of the application of SSA, the Systolic Blood Pressure (SBP)
dropped down more than 30 mm Hg from the baseline (p<0.05). The decrease of SBP in the
LDSA group was less than 30 mm Hg from the baseline. The intergroup analysis shows an
insignificant decrease of the SBP in the group of patients anesthetized with LDSA (Group B).

In the Table 3 are given the results of the measurements of the heart rate, respiratory rate

and oxygen saturation.

Table 3. The Heart and Respiratory rate and SpQO, of the studied groups (M+SD).

Time |HR/min RR/min Sp02 in %

Groups 21=50) 51=50) P é=50) ]?n=50) p 21=50) B (n=30) |p
t0 823+19.3  [84.8+12.8 [0.4471 |14.3+13 [14.243.4 [0.8464 |98.1+1.7 |98.3+1.1 |0.4866
t1 92.02412.92* [80.1£13.8 |0.0000 |13.542.2% |14.6£2.0 |0.0103 |99.2+1.3 [99.7£0.4 |0.0108
t2 84.64+14.57* [77.5£10.1 [0.0054 |15.6£3.5 |14.9422 [0.2341 [99.4+0.7 |99.7£0.4 |0.0099
t3 77.66+11.7% |72.4464 [0.0064 |12.042.5% |15.041.7 {0.0000 [99.8+0.3 [99.5+0.8 |0.0147
t4 76.92412.2% [70.448.0 |0.0021 |13.7£1.5 |14.442.2 |0.0660 |99.8+0.3 [99.5+0.5 |0.0004
t5 73.148.83 | 84.8+12.8 |0.4855 |13.3£1.4* |14.1£1.8 [0.0148 [99.8+0.3 [99.5+0.8 |0.0147

*»<0.05 significant difference

It was observed that there is statistically significant difference in the heart rate in the groups
of patients with SSA vs. those anaesthetized with LDSA (p<0.05). Episodes of bradycardia
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(HR<50/min) were noted in two patients with SSA group. Increased HR in patients with SSA
was found in 5, 20 and 40 minutes after puncture, but not in the LDSA group.

In all enrolled patients the measurement of the oxygen saturation of hemoglobin was in the
normal ranges. There were insignificant differences between the groups (p>0.05).

The results obtained concerning the RR show differences in t2, t3, and t5 with SSA.

In Table 4, the results present the observed peroperative side-effects and resuscitation

interventions in the patients undergoing spinal and low dose spinal anesthesia.

Table 4. Developed side effects in the study groups.

Hypotension | Bradycardia |Duration of Nausea |Postoperative Insufficient Analgesia
Groups . S VAS 5

>30 mmHg <50/ min hypotension inmin [n/% |headache .

(10 min)

A 2 (4%) 2 (4%) 2.7+1.2 / 2 (4%) 2 (4%)
B 1 (2%) 1 (2%) 2.0% / / /
p 0.0921 0.0921 0.0020 / / /
Table 5. The doses of local anesthetics and resuscitation interventions in the groups.

Bupivacaine Atropin/mg | Ephedrine mg .
Groups 0,5% (mg) Fentanyl pg (M £ SD) Infused RL in mL
A 15.840.7mg / Img 10+0 1430+412.43
B 11.3+0.9mg 0.02 1 mg / 1540+135.64
p / 0.0000 0.0763

*n< 0.05 significant difference

Discussion
Spinal anesthesia produced efficient sensory and motor blockade with sufficient analgesia
and muscle relaxation, enabling good conditions for surgery of lower abdomen, perineum and
low limbs. The most important effect of spinal anesthesia is on the vegetative nervous system
producing a sympathetic blockade with a partial parasympathetic block. The end result of this is a
decreased sympathetic tone with an unopposed parasympathetic tone (11). This imbalance is the
reason for many of the expected alterations of normal homeostasis noted with the administration
of spinal anesthesia. The primary physiologic alterations are bradycardia, decreased preload
and cardiac volume, whose combination produces a reduction of the arterial blood pressure and
cardiac output. The doses of the local anesthetic used for SA are responsible for the severity of
the developed impaired vital signs. The incidence of hypotension during SA is 33%, although
the incidence of bradycardia is 13% with a decrease in cardiac contractility (12).

The classical doses of bupivacaine for standard spinal anesthesia ranges between 15-20 mg
and are charged often for per-operative for development of hypotension and bradycardia.

In the last decades, it has been shown that the main factors responsible for the complications

in spinal anesthesia are the baricity, volume and the dose of injected bupivacaine; but Sarvela
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PJ and Vercaunter MP have shown that the baricity of the local anesthetic was not an important
factor (18). In this study, we used plain isobaric 0.5% bupivacaine for SA and isobaric 0.5%
bupivacaine with 20 pg fentanyl for LDSA (13).

In course to find out what is the appropriate dose of local anesthetic in SA, in March 2016, a
group of authors published the study where the main finding was that the vertebral column length
and abdominal girth were strongly correlated with the dosage of intrathecal plain bupivacaine
for the loss of pinprick discrimination at T12 and T10 (14). This finding can justify the use of
variable doses of bupivacaine in this study.

There are no set criteria on that how low the blood pressure should be allowed to decline
after spinal anesthesia. The variations found in different publications can be explained by the
different definitions of hypotension. In our study hypotension was defined as 20-30% decrease
in Systolic Blood Pressure (SBP) from the baseline value or absolute value lower than 95 mm
Hg. It has been found that spinal blockade has some protective effects during the decline in blood
pressure. Total body oxygen consumption decreases in response to the extent of spinal blockade,
providing a margin of safety (15).

In our study, a statistically significant hypotension (>30%) was noted in two patients receiving
SSA (p < 0.01), but not in patients who received LDSA. Anticipation of these side effects of
SSA is essential. Using an appropriate “dose” of local anesthetics is essential. The use of LDSA
is one of the solutions. Opiods applied in subarachnoid space are binned to the opiods receptors
in the spinal cord and have a synergistic effect with the local anesthetics. Opiods may be used
as adjuvant to neuraxial anesthesia and to improve the quality of the block (20). In this study a
small dose of fentanyl (20 pg) was used. Its pharmacokinetic and pharmacodynamic property
of a lipophilic opiate with rapid uptake, faster onset and shorter duration of action, makes it
a favorable alternative. It was found that the use of low-dose diluted anesthetic can shorten
recovery time from spinal anesthesia (16). This minimizes the rostral migration of the drug to
the respiratory center, avoiding delayed respiratory depression. In our previous study, we found
that the low doses that are used in obstetric LDSA, are not affecting the newborn (9).

The findings of our study proved that LDSA enabled stable hemodynamic in emergent trauma
patients. SBP in patients of SSA group dropped after 5 minutes for 30% and lasted 2.7+1.2
minutes, compared with LDSA were the drop of SBP was insignificant 10-15% and existed for
2.0+0 minutes (p<0.05) Table 6.

Heart rate may decrease during a high block due to blockade of the cardio accelerator
fibers (T1-T4). Heart rate may also decline as a result of a decrease in SVR, decreased right
atria filling, and decrease in the intrinsic chronotropic stretch receptor response (17-18). In this
study bradycardia was defined as decrease in heart rate to less than 50 beats in minute. We found
that bradycardia in patients anesthetized with SSA developed in 2 out of 50 patients or in 4%,
but none in LDSA patients. It is a significant difference between the findings in SSA vs. LDSA
group (p<0.002).
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Volume loading the patient with 10-20 ml/kg of crystalloid fluid or appropriate amount of
colloid immediately prior and during the administration of a spinal anesthetic may be helpful
(27). In this study the pre load of fluids was with infusion of Ringer lactate in doses of 5-10 ml/
kg body weight, where the patients’ cardiac function and medical history were taken into account
prior to this measure. Generally, the analgesic and motor effects of spinal anesthesia are developed
for 10-15 minutes after the administration, but the signs of hypotension and bradycardia in this
study were developed earlier (5 minutes). Bradycardia in the SSA patients was found in two
cases and was rapidly treated with atropine (0.5 — 1 mg/i.v.).

The hypotension found in two patients in group (A) was treated successfully with ephedrine
5 mg every 2 minutes as required. A significant difference was observed between the amount of
Ephedrine used in SSA vs. LDSA (p<0.05).

In this study, the amount of infused Saline or Ringer lactate used for resuscitation of
hypotension, varied from 1.430+412.43 ml in SSA, respectively 1.540+135.64 ml in the LDSA
Group, without statistical significance (p>0.05).

There are some studies where it was found that crystalloid was inconsistent in preventing
hypotension and that colloid was significantly better for pre-loading (18-22). In our study we
also used colloids if the hypotension was severe.

Spinal anesthesia provokes a minor alteration in pulmonary functions. Even with high
thoracic levels of blockade, tidal volume is unchanged. There is a slight decrease in vital
capacity, as a result of relaxation of the abdominal muscles during exhalation (23). Even
when low dose spinal anesthesia (LDSA) was administered by using small dose of opiod (20
pg fentanyl), the signs of respiratory depression were not observed. The respiratory rate in
all studied patients was in the normal range, and the hemoglobin saturation with oxygen was
without any withdrawal (p>0.05).

Nausea and vomiting are quite rare during spinal anesthesia and most often associated with
hypotension (24-26). In our study we do not observed any nausea or vomiting among the studied
patients.

After spinal anesthesia it may be seen some neurological symptoms (ridiculer symptoms,
pain, burning sensation, dysesthesia and paresthesia), that are rare when bupivacine is used (27-

35). In our study such adverse sensation were not observed.

Conclusion

Standard spinal anesthesia with bupivacaine and low dosage spinal anesthesia can be used safely
for emergency surgery of low limbs in healthy patients. The use of low dosage spinal anesthesia
in emergency trauma patients is a method of choice with many advantages. It provides stable
hemodynamic and respiration parameters of the shocked trauma patients and better resuscitation

performances. Low-dose spinal anesthesia is an optimal technique.
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We recommend fentanyl as an adjuvant to bupivacaine in spinal anesthesia for surgery of low

limbs as it provides more effective and prolonged analgesia with better hemodynamic stability

when compared to plain spinal anesthesia.
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HAIINK UCKYCTBA CO HUCKO JO3HA CIITMHAJIHA
AHECTE3HNJA KAJ U'THU TPABMATOJIOIUKHA ITAIIMEHTHU

AIICTPAKT

Bogen: /lenec, cnunannara anecresuja (CA) e ctanaapaHa mporeaypa Koja ce KOpUCTH MpH
XUPYPIIKATE WHTEPBEHIIMU Ha JIOJHUTE €KCTPEMUTETH BO TPaBMATOJIOTHjaTa U OPTOIECKaTa
XHpYpruja, 0CoOOEHO MOPaaAMu HEJ3MHOTO €THOCTABHO M3BEAYBAaHE U PETKUTE KOMIUIMKAIIUH,
HacripoTu omurara anectesuja (OA). [lojaBara Ha meponepaTuBHA XUIIOTEH3Mja U OpaauKap/mja
3a BpeMe Ha CA ce uecTH HecakaHH €(eKTH, KO ce jaByBaat kaj momainky oz 30% ox cimyyaure
(HajuecTo Kaj UTHHU CIy4yau U Kaj repujarpuckata nomynauuja) (1). AnrepHatusa 3a oBue
narueHT, Moxke a1a 6une CA co HUCKH /103U Ha JIOKaJIeH aHECTETHK, KOj MMa Op3 MOYETOK Ha
7IeJCTBOTO M MOMaJIKy HecakaHu edektu. [loctojar man 6poj Ha ctynuu 3a CA cO HUCKHU J03U
(HACA) xaj utHu TpaBma nanueHTH (2,3,4).

Ien Ha cTynujara Oete aa ce ciopenar edekTuTe o cTanaapaHa cnuHanHa anectesuja (CCA)
HACIPOTH CIIMHANHA aHecTe3uja co HUucku 1031 (HJICA) kaj nTHU TpaBMaToNOLIKY NALUEHTH, U Ja
Ce aHaJIM3Mpa Hej3MHaTa e(PUKAaCHOCT U IeporepaTuBHaTa MaHU(eCTaIHja Ha HECaKaHUTE e(EKTH.

JMu3aju: [IpocriekTBHA paHAOMU3UPAHA CTY/IH]a.

ITocTaBeHocT: YHUBEp3UTETCKA KIMHUKA 32 TPaBMAToJIOTHja, OPTONENja, aHECTE3H]a,
peaHnMallija ¥ MHTEH3UBHO JICKYBamkE U ypreHTeH 1nenrap, Knuanuku nienrap “Majka Tepesa”,
Ckomje, P. Makenonuja.

ManuenTn n meroau: Cro narmentu (ASA I/I) 6ea npuMeHHn Kako ypreHTHH CIydau CO
noBpeaa Ha jojieH ekctpemuteT (n=100) u 6ea paHIOMHU3UPAHO MOICTICHU HA IBE TPYIIH OJ1 TIO
50 mamenTu (n=50), 3aBUCHO o TUTIOT Ha aHecTe3nja: ['pyma A (n=50) onepupanu co CCA
u rpyna b (n=50), onepupanu co HJICA. Cute nanuentu co H/ICA npumaa equneuna nosa
bupivacaine (10-12mg 3aBucno og BMI) u 20 pug Fentanyl. Kaj cute manuenTu, 6ea peructpupanu
XEMOJMHAMCKUTE MapaMeTpH (KpBeH MPUTHCOK, myic, ECG) u pecnuparopHuTe napamerpu
(pecnuparopna (pexdennmja, catypanmja co Kucaopon - Sa0,), Kako U PECYCUUTALMCKOTO
UHTEepBeHHpame co ephedrine 1 HATOMECTOKOT CO TEYHOCTH M TOA BO MIET BPEMEHCKH HHTEPBAJIH:
npexn cnirHanHaTa myHkipja (t0) u 3a Bpeme Ha anectesmjara (t1-t5). Mcro Taka, Oeme ananmu3upan
Y CTENICHOT Ha aHaJre3Mja U HecakaHuTe e(DEeKTH Kaj MAIEHTUTE O] IBETE TPYIIH.

Pe3yararu: XemonnHaMckaTa aHaliu3a He TIOKa)ka 3HaYajHU CTATUCTHYKU Pa3JIMKH IIOMETy
ucnutanuure on asere rpynu (p> 0.05). Craructuuky 3HavajHa xunorensuja (>30%), Oerre
HoTupaHa Kaj neajia nauueHT co CCA (p < 0.01), Ho He u kaj narmenture co HICA. Kaj 20%
on nareHTute co CCA Gea perucTpupanu KpaTKoTpajHu (< 2 MUHYTH) €ITU30/11 Ha XUIIOTEH3H]a,
HO Kaj HuTY eneH o narpentute co HJICA. Kaj 4% on ucniuranurure ox HJICA rpymara, 6emie
peructpupan He3anoponurteneH cnuHaneH 6mok. HICA Bo cnopen6a co HICA, o6e3b6enyBa
nocrabuiiHa XeMOJMHAMUKA Ha MallUeHTUTE, 0€3 KOMIPOMUTHPAE HA PECIUPATOPHUTE

napameTpu 1 nodapysa MoMajiky pecycuuTanucku narepseruu (p<0.01).
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3akayuok: Ynorpebara Ha HUCKH JI03U 3a CIIMHAJIHA aHECTE3HUja Kaj TPaBMATOJIOUIKU
MalMeHTH 32 UTHA XUPYpUIKa MHTEPBEHIMja UMa rojeM Opoj Ha MPEeAHOCTH, KAKO IITO
ce CTaOWIHU XeMOJMHAMCKU U PECHUPATOPHH MapaMeTpH M MOJ00pH pecyCUUTALUCKU
nepdopmancu. CranjapaHaTa ClIMHAJIHA aHECTE3Hja M CIMHAJIHATA aHECTEe31ja CO HUCKHU JI03H,
MOXe J1a ce KopucTar 6e30e1HO Kaj TpaBMaTOMOLIKH MAIMEHTH 32 UTHA XUPYPIIKA HHTEPBEHLIU]ja.
Kay4ynu 360poBu: uTHa onepainuja Ha JOJEH €KCTPEMUTET, HUCKO JI03HA CIIMHAJIHA

aHecTe3Hja, pecyciuTanuja co ephedrine u TeYHOCTH, CIMHAJIHA aHECTE31]a, XUIIOTEH3H]a.
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ABSTRACT

Children with acute respiratory failure (ARF) present the commonest group of critical
ill patients for admission in pediatric intensive care unit (PICU). Respiratory developmental
differences between children and adults render this susceptible group to altered response to disease
process, various clinical manifestations and interventions for respiratory failure. Appropriate
decisions for a proactive and life-saving management of the critically ill child with ARF can
be provided recognizing three distinctive clinical profiles: mechanical dysfunction of airways,
neuromuscular and breathing dysfunction. Beside this, assessment of many physiologic variables
of the respiratory system in children with ARF helps in identification of the development of the
respiratory failure and serves as a guide therapy for good outcome. Therapeutic modalities and
strategies for respiratory failure in children vary depending on the underlying cause. Interventions
include supportive and specific therapy. Maintenance of body temperature is of major importance
while fluid therapy, monitoring and assessment are additional necessary measures that are
undertaken at first. Supportive therapy include securing the airways, oxygen by mask, nasal
cannula or head box, proper positioning, nebulization if indicated, and physiotherapy. Specific
measures include oxygen therapy and mechanical ventilatory support. Prognosis and outcome
depend on the presence of the disease on admission using a number of scoring system, appropriate
follow up and adequate therapeutic treatment.

Key words: acute respiratory failure, critical ill child.
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Critically Ill Child: Definition
Critically ill child with acute respiratory failure (ARF) refers to a child who is in a clinical
condition which may result in respiratory or cardiac arrest, if not recognized and treated

promptly. When a child presents a respiratory disorder, the goal is early recognition of respiratory
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insufficiency. Appropriate management depends on an early diagnosis, a clear understanding
of the pathophysiology of the disease and clear treatment strategy. Children are particularly
sensitive to critical condition of ARF and it is due to the differences between them and adults.
Developmental anomalies, inborn errors of metabolism, susceptibility to infections, various
accidents and trauma are responsible for the occurrence of ARF.

There are many methods to assess an acutely ill child with ARF. A very simple and quick
way of assessment of overall illness is by tree elements: 1. Appearance of the child; 2. Breathing;
and 3. Circulatory status. These three parameters comprise “triple pediatric investigation”, a very
useful tool for recognizing critical ill child (Tab 1).

Tablel. Triple pediatric investigation.

1. Appearance 2. Breathing 3. Circulatory status
Alertness Respiratory rate Heart rate
Distractibility or consolability Work of breathing Pulses

Eye contact Air entry Skin perfusion
Speech or cry Pulse oximetry Organ perfusion
Motor activity Blood pressure

Color of the skin

Seizure activity

Muscle tone

Pupil size

Based on the appearance, breathing and circulatory status, physiologic status of a critically ill
child with ARF is characterized as: 1. Stable; 2. Respiratory distress characterized by increased
work of breathing (IWB); and 3. Respiratory failure characterized by cyanosis, altered sensorium,
poor muscle tone and poor respiratory efforts.

Conditions that characterize a critically ill child with ARF requiring rapid cardio pulmonary
assessment are:

1. Tachypnea, with respiratory rate of > 60/min in newborn, > 50/min in infants, > 40/min

in 1-5 years old child,

2. Bradycardia or Tachycardia with < 80 bpm/min and > 200 bpm/min in newborn, < 80
bpm/min and > 180 bpm/min in 1 month - § years child and < 60 bpm/min and > 160
bpm/min in > 8 years old child;

IWB and decreased tidal volume;
Cyanosis;
Altered level of consciousness;

Seizures; and

N AW

Trauma.
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Outcome of critical ill child
Numerous of scoring systems have been developed or modified for pediatric application to predict
ICU mortality (1). The pediatric risk of mortality score PRISM and the pediatric index of mortality
score (PIM) are applicable to a wide range of critically ill infants and children including acute
respiratory failure (ARF). Although PRISM performs better, PIM is easier to collect and hence less
prone to errors in data collection. The other advantage of PRIM is that it predicts mortality based
on admission parameters whereas PRISM is based on the worst variables in the first 24 hours.
PRISM is often recording the dying process rather than predicting it. For specific problems, other
specialized scores are developed e. g. the modified injury severity scale (MISS) and pediatric trauma
score (PTS) for pediatric trauma and the modified Glasgow coma scale for neurological insults.
Compared to the adult intensive care, children with equivalent therapeutic intervention scores
have lower hospital mortality (2). While multiple organ failure increases mortality, the prognosis
is considerably better than for adults (3). The mortality, entirely attributable to ARF (4%), is
lower in PICU than in ICU for adults. Despite of this, the clinical impact of ARF is significant
and ARF is independently associated with morbidity, like poor physical post ICU outcome (4).

Acute Respiratory Failure: Definition

Acute respiratory failure is the leading cause of admission to pediatric ICU. Numerous
structural and functional factors contribute to the high incidence of respiratory failure, particularly
in the newborns, while at children, ARF is frequently a consequence of pathology primarily
affecting other organ systems, e.g. congenital heart disease or central nervous system disease,
or it is consequence of critical ill conditions after surgery or pediatric trauma.

According to the definition, ARF is present as inadequate gas exchange due to pulmonary
and nonpulmonary reasons that lead to hypoxemia, hypercapnia or combination of both. There
are 2 types of impaired gas exchange: 1. Hypoxemic respiratory failure, which is a result of
lung failure, and 2. Hypercapnic respiratory failure, which is result of respiratory pump failure.
In hypoxemic respiratory failure, ventilation-perfusion V/Q mismatch results in the decrease of
PaO, to below 60 mm Hg with normal or low PaCO,. In hypercapnic respiratory failure, V/Q
mismatches results in the increase of PaCO, to above 50 mm Hg.

Diagnostic criteria for ARF are similar in children and adults. ARF is present if there
is one of the following criteria: cardio respiratory arrest; cyanosis (unless there is cyanotic
cardiomyopathy); hypoxemia (PaO,< 100 mmHg) with FiO, =100 mmHg or hypercapnia (PaCO,
> 50 mmHg). Arterial blood gas analysis is single most important laboratory test for evaluation

of respiratory failure [5, 6].
Predisposing Factors of ARF

Respiratory function must be appropriate to the metabolic demands. Oxygen consumption
in child is approximately 7 ml/kg/min (3-4 ml/kg/min in the older child and adult). Fever,
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illness and restlessness dramatically increase demands; during periods of apnea or respiratory
depression, PaCO, rises at twice the rate of older children and adults. Lower respiratory reserve
in children and newborns is due to the following factors: Predisposing factors for ARF are
structural immaturity of the thoracic cage (ribcage structure and function alter between 12
and 18 months); infant intrapleural pressure is -1 to -2 H,O (-1 to -2 kPa) compared to -5
to -10 ecm H,O (-0.5 to -1.0 kPa) in the adult. The consequence is that any impairment can
lead to airway closing, atelectasis and intrapulmonary shunting; small airways with increase
tendency for obstruction (edema or airways mucus will have more profound effect on airway
resistance in the infant).

There are differences between children and adults. Anatomy is different in children. Small
upper airways are predicting factor for laryngitis, while small lower airways are responsive
to bronchiolotis. The infant’s lung structure is different, although the number of alveoli is
proportional to body size; the diffusion area is relatively small. Small lungs and short thorax
provide sitting position with 45% angle, which is appropriate for prevention of ventilator

associated pneumonia. Physiology is different in children (Table 2).

Table 2. Physiologic respiratory parameters in children.

Age V- (L/min) V,(mL/min) |V (mL) VD/VT (%) |VC (mL) FRC (mL) TMILC
Newborn 1.1 385 21 30 120 80 160

6 months 14 - 45 30 - -

12 months 1.8 1245 78 30 - - -

3 years 2.5 1760 112 30 870 490 1100

S years 5.5 1800 270 30 1160 680 1500
12 years 6.2 3000 480 30 3100 1970 4000

V- ventilation/min; V : alveolar ventilation, V. tidal volume; V ; death space; VC: vital capacity: FRC: functional
residual capacity; TLC: total lung capacity

Under most circumstances, correct physical examination alone allows one to pinpoint the
cause to a particular part of the respiratory system and to make appropriate decisions for a

proactive and life-saving management of the critically ill child (7).

Etiology of Acute Respiratory Failure

Causes, symptoms and signs of ARF are different in critically ill children and adults.

The causes for respiratory failure in children include upper airways obstruction (e.g.
subglottic stenosis, laryngitis, tracheitis, acute hypertrophic tonsillitis/or adenoid hypertrophy,
retropharyngeal / peritonsilar, abscess foreign body inhalation and trauma); lower airways
obstruction (e.g. acute viral bronchiolitis, asthma and foreign body); alveolar and pleural disease

(pneumonia, pulmonary edema, effusion, empuema, pneumotorax, and ARDS); CNS causes
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(injury, trauma, myasthenia gravis, congenital myopathies and muscle fatigue). Acute respiratory
failure may also be result of trauma to the brain, spinal cord, chest or abdomen. Duncan, s sign,
presence of rthythmic flaring of the alae nasi without accompanying respiratory might be a useful
sign to detect high spinal cord injuries in the presence of severe brain injury. Severe pulmonary
contusion can occur from blunt trauma, while respiratory failure may be a result of fractured ribs,
haemothorax and pneumothorax. Additional causes for ARF might be a ruptured diaphragm or

acute gastric dilatation, which may mimic an acute abdomen or exacerbate respiratory failure.

Clinical Manifestation of Acute Respiratory Failure

Symptoms of ARF are different in children and adults. Three distinctive clinical profiles have
been suggested in children: mechanical dysfunction of airways, neuromuscular and breathing
dysfunction. Tachypnea, exaggerated use of accessory muscles, intercostals, supraclavicular
and subcostal retractions are common clinical manifestation of respiratory distress, but in young
infants’ lethargy, apnea, bradycardia and hypotension may be the first signs of hypoxia. The
older child with acute hypoxia, like the adult, demonstrates tachycardia, hypertension, mental
confusion and restlessness prior to CNS and cardiovascular depression. Stridor is frequent with

upper airway obstruction (laryngitis).

Monitoring of Acute Respiratory Failure

Respiratory monitoring is routinely used in pediatric patients with ARF and mechanical
ventilation. Today, modern technology allows bedside assessment of many physiologic variables
of the respiratory system in children requiring assisted ventilation. Evaluation of the respiratory
status in ventilated patients helps in better understanding of the pathophysiology of the disease,
indication of the course of the disease, optimizing ventilator settings, and assessing the effectiveness
of treatment modalities (8). Ideal pediatric respiratory and hemodynamic monitoring should be
non-invasive and painless, with minimal risk for the child, in order to provide specific information
relevant to children’s status that will be understandable and reproducibility, to have adequate alarms
and to be easy to maintain. Obligatory, monitoring and investigations include pulse oximetry,
arterial blood gases, central venous pressure, measurement of cardiac output, capnography,
temperature monitoring, RTG of the lung, vital capacity and maximum inspiratory force.

The following parameters are important in evaluation of ARF: 1. PaO,; 2. PaCO,; 3. Alveolar-
Arterial PO, Gradient:

P (A-a) O, Gradient = PIO, — PaCO, / R where PiO, = partial pressure of inspired air, R =
0.8; and 4. Hyperoxia test.

1. Normal values of PaO, depend on position of the patient during sampling and the age of
the patient:

PaO, (Upright) = 104.2 - 0.27 x age (yrs)

PaO, (Supine) = 103.5- 0.47 x age (yrs)
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2. Normal values of PaCO, are unaffected by age and positioning and are 35-45 mm Hg.

3. Alveolar — arterial O, gradient is a sensitive indicator of disturbance of gas exchange.
It is useful in differentiating extra pulmonary and pulmonary causes of respiratory failure.
Normal P (A-a) O, gradient is 5-10 mm Hg. For any age, an A-a gradient > 20 mm Hg is always
abnormal. Causes of hypoxemia (low PO,) are hypoventilation, low ventilation-perfusion
(V/Q) mismatch and R/L shunt. It is not possible to predict PaO, and PaCO, accurately using
clinical criteria. Thus, the diagnosis of respiratory failure depends on the results of arterial

blood gases studies.

Therapeutic Modalities and Strategies

Therapeutic modalities and strategies are different between children and adults. In children
there is need for more attention for comfort, ARF mortality is lower and in terms of mechanical
ventilation - high frequency ventilation is more appropriate, while non invasive ventilation is
more suitable, if acceptable. The most important difference is between a pediatric intensive care
unit (PICU) and Intensive care unit (ICU) in terms of the nurse: patient ratio which in children
must be 1:1.

Treatment of the critically ill child should be performed in the PICU with minimum standards
to address the outstanding problems in this group of patients. General hospitals should have the
conditions for urgent resuscitation of children prior to early transport to a specialized PICU (10).
Unless unavoidable, critically ill children, particularly those requiring mechanical ventilation,
should not be cared for in an adult ICU for longer than 24 hours (according to the American
Academy of Pediatrics, the Society of Critical Care Medicine, the British Pediatric Association
and the Australian Society of Pediatrics).

Interventions in ARF in children include supportive and specific therapy. Maintenance of
body temperature is of major importance, while fluid therapy, monitoring and assessment are
additional necessary measures that are undertaken at first. Supportive therapy include securing
the airways, oxygen by mask, nasal cannula or head box, proper positioning, nebulization if
indicated, and physiotherapy.

Specific measures include oxygen therapy and mechanical ventilatory support. In
hypoxemic/non hypercapnic respiratory failure, the major problem is low PaO,. If it is
due to low V/Q mismatch, then oxygen therapy is proposed. If it is due to pulmonary
intraparenchymal shunts (e g. ARDS) then assisted ventilation with PEEP may be needed.
If it is due to intracardic R-L shunt, O, therapy is of limited benefit and surgical treatment is
needed. In hypercapnic respiratory failure, key decision is whether mechanical ventilation
is required or not. However, in acute respiratory acidosis mechanical ventilation must be
strongly considered. In chronic respiratory acidosis, child should be followed closely and
mechanical ventilation is rarely required. In acute or chronic respiratory failure, the trend of

acidosis over time is a crucial factor.
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Indications for mechanical ventilation include PaO, < 55 mm Hg or PaCO,> 60 mm Hg
despite 100% oxygen therapy; deteriorating respiratory status despite oxygen and nebulization
therapy; anxious, sweaty lethargic child with deteriorating mental status and respiratory fatigue.

Mechanically ventilated pediatric patients represent a complex and diverse population,
and respiratory practice is largely guided by a combination of limited pediatric data, anecdotal
experience and opinion. These guiding factors lead to extremely variable respiratory
management. Among these mechanically ventilated patients, those with acute lung injury or
acute respiratory distress syndrome (ARDS) represent an important subset in which substantial
controversy exists (11).

Noninvasive ventilation (NIV) with continuous positive airway pressure (CPAP)/BIPAP and
invasive ventilation with synchronized intermittent mandatory ventilation (SIMV), assist control
(A/C) and PAV modalities are basic strategies for mechanical ventilation. Other approaches to
mechanical ventilation as high frequency ventilation (HFV), permissive hypercapnia, prone
positioning, inhaled nitric oxide (NO) and extracorporeal membrane oxygenation (ECMO) are
also proposed (12).

HFV improves the occurrence and treatment of air-leak syndromes associated with
pediatric acute lung injury minimizing the possibility of barotraumas to airways and it is used if
conventional ventilation fails to improve gas exchange. There are 3 types of HFV: Oscillatory,
Jet and Flow interruption. Very small tidal volumes are used (<1ml/kg) with very rapid rates
(150-1000 bpm) and lower mean airway pressures.

Permissive hypercapnia allows the PaCO, to rise into the 60-70 mm Hg range, as long as
the patient is adequately oxygenated (SaO, > 92%), and able to tolerate the acidosis.

This strategy is used to limit the amount of barotraumas and volutrauma to the patient.

Prone positioning reduces compliance of the thoracoabdominal cage by impending the
compliant rib cage and in that way improves oxygenation and reduces ventilator induced lung
injury. However, the outcome may not be improved.

NO improves V/T matching by enhancing pulmonary blood flow to well ventilated parts of
the lung and improves oxygenation by reducing increased pulmonary vascular resistance (13).

By ECMO, blood is removed from the patient, passed through an artificial membrane
where gas exchange occur, and returned to the body by either the arterial or venous gas

system (14).

Conclusion

Children with ARF are great challenge for critical care clinicians that must be experts in anatomy

and physiology in this population and must rely on the guidelines for follow up and treatment.

Number 1. April, 2017 | 29 |



Managing critical ill child with acute respiratory failure

References

1. Duncan AW. The critically ill child. In Oh's Intensive Care Manual, 2003; Pediatric intensive
care: 997-1127.

2. Pollack MM, Patel KM, Ruttimann UE. PRISM III: An update pediatric risk of mortality
score. Crit Care Med 1996; 24:743-52.

3. Snahh F, Person G, Slater A et al. Paediatric index of mortality (PIM): A mortality prediction
model for children in intensive care. Intensive Care Med 1997; 19: 26-30.

4. Wehler M, Geise A, Hadzionerovic D et al. Health-related quality of life of patients with
multiple organ dysfunction: individual changes and comparison with normative population.
Crit Care Med 2003;31:1094-101.

5. Gregory GA. Pediatric Anesthesia. Churchill Livingstone 1983.

6. Eds Fuhrman BP, Zimmerman JJ, St Louis. Pediatric Critical Care, 2nd Edn., Mosby 1998.

7. Hammer J. Acute respiratory failure in children. June 2013; Volume 14 (2):64-9.

8. Zobel G, Rodl S, Pfleger A. Assessment of respiratory dysfunction in children with acute
respiratory distress syndrome. In Proceedings of the 11th postgraduate course in critical care
medicine Springer 1997:377-87.

9. Turner D and Cheifetz I M. Pediatric acute respiratory failure. Expert Rev Resp Med 2011;
5(1): 65-73.

10. Chennai Pediatric Emergency Medicine Course guidelines, 2001.

11. Cornfiled DN. Acute respiratory distress syndrome in children: physiology and management.
Curr Opin Pediatr. 2013; 25(3):338-43.

12. Jordan J, Rose L, Dainty KN et al. Factors that impact on the use of mechanical ventilation
weaning protocols in critically ill adults and children: a qualitative evidence-synthesis.
Cochrane Database Syst Rev. 2016 Oct 4;10:CDO011812.

13. Gebistorf F, Karam O, Wetterslev J et al. Inhaled nitric oxide for acute respiratory
distress syndrome (ARDS) in children and adults. Cochrane Database Syst Rev. 2016
27;(6):CD002787.

14. Priestley MA, Helfaer MA. Approaches in the management of acute respiratory failure in
children. Curr Opin Pediatr. 2004;16(3):293-8.

30 |



Macedonian Journal of Anaesthesia

MEHAIIUMPAIBE HA KPUTUYHO BOJIHO JAETE CO
AKYTHA PECIIUPATOPHA CJIABOCT

AIICTPAKT

Jenara co akyTtHa pecnuparopHa ciaboct (APC) mpercraByBaar HajuecTa rpymna Ha
KPUTUYHO OOJTHY MAIMEHTH KO C€ MPUMaart BO MeJUjaTPUCKUTE SAMHHUIIN 32 MHTCH3UBHA HEera
(ITEWJI). Pa3znukute BO pecnMpaTOpPHUOT Pa3Boj MOMeEry Aenara U BO3PaCHUTE Ce MPUYMHA 32
M3MEHET OIrOBOP IPH Pa3BOjOT HA pecrUpaToOpHaTa MHCY(PHUIMEHIH]a, 32 PAa3IMYHI KIMHUYKA
MaHU(ecTalluu U UHTEPBEHIMH. AJIEKBaTHU PEIlIeHH]a 32 aKTHUBEH U KMBOTOCIACYBAYKU
TpeTMmaH Kaj renara co APC moxe 1a ce 00e30e11 co Ipeno3HaBame Ha TPU KapaKTePUCTUYHU
KJIMHUYKHY NPOo(UIN: MEXaHUYKa AUC(HYHKIMja HA TUIIHUTE MATUIITA, HEBPOMYCKYJIHA U
auimHa quchynkuuja. [Iponenkara Ha MHOTY (PM3MOJIOIIKY MPOMEHU Ha PECIMPATOPHUOT
cucreM kaj aeuara co APC nomara Bo uaeHTH(UKalMjaTa Ha pa3BOjoT HAa pecHupaTopHaTa
c1abO0CT U CIIy’KM Kako BOJMY 3a Tepanuja co fodap ucxon. TepaneBTCKUTe MONAIUTETH U
CTpaTeruy 3a pecuparopHa MHCY(HUIMEHIH]a Kaj lejaTta BapupaaT BO 3aBUCHOCT OJ] OCHOBHATA
npuduHa. IHTepBeHIIMKTE BKITyuyBaaT CylOpTUBHA U crieliuduuHa Tepanuja. OQpKyBambeTo Ha
TeMIeparypara Ha TeJIOTO € O FoJieMa BaKHOCT, J0IeKa Teparyjara co TEe4HOCTH, MOHTOPHHIOT
U UCIUTYBAWkETO C€ JIONMOJIHUTEIHN HEONXOIHU MEPKU KOU ce Mpe3emaaT BO IpPB ILJIaH.
CynopTHuBHaTa Tepanuja BKIy4dyBa 00e30e1yBambe Ha JUIITHUTE NaTUIITa, KUCIOPOJ] CO MACKa,
Ha3aJIHa KaHWJIa UM KUCIIOPOZAEH cKadaHaep, IPaBUIIHOTO MO3UIMOHUpamke, HeOyar3alnja ako
€ MHAUIUpaHo U (pu3ukanHa Tepanuja. [loceOHUTE MEPKU BKITy4yBaaT KUCIOPOIHA TEpAIHja U
MexaHWuKa BeHTwanuja. [lporuos3ara u ucxoznot 3aBucar ofi CTENIEHOT Ha 00JIecTa IIPpU IpUEM,
MIPH IITO C€ KOPUCTAT TOJIeM Op0oj Ha CUCTEMHU Ha OOyBarmke, COOBETHO CIIEACHE U COOIBETEH
TEpaneBTCKH TPETMaH.

Kny4nu 300poBHu: akyTHa pecrnuparopHa ciaboCT, KpUTUYHO OOJIHO JIeTe.
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ABSTRACT

Introduction: The appearance of agitation and behavioral changes in children after sevoflurane
anesthesia is common, especially in short-term interventions such as ophthalmic operations. Usage
of sub-hypnotic doses of propofol before termination of sevoflurane has been reported that may
provide effective sedation and reduce the incidence of severe agitation. The aim of this study was
to determine if switching from sevoflurane to propofol (in subhypnotic doses) before the ending
of surgery reduces the incidence of agitation-delirium in children after cataract surgery.

Material and methods: 60 children aged 3-7 years, with ASA (American Society of
Anesthesiologists physical status) I/II, undergoing cataract surgery were randomly divided
into two groups. Group P (n=30) included children in whom 3-5 minutes before the ending the
surgery sevoflurane was terminated and propofol 25ug/kg/h was started. The control group (n=30)
were patients in whom sevoflurane anesthesia was maintained till the end of the surgery. In all
children we evaluated the time of un-operated eye opening (on verbal command), the children’s
behavior changes and pain. Behavior was assessed with the help of five degree Watch scale
(score 1(awake), 2, 3,and 4 (agitation). The degree of pain was followed by visual analogue
scale (VAS scale) during the first hour at 30 minutes period. We additionally recorded the need
for additional interventions (additional midazolam) during this time.

Results: Agitation occurred in significantly larger number of children in group S compared
to group P. Percentage differences for the scores of the ED were significant between the groups
for score 4 and score 1. Pain evaluation didn’t show any difference between the groups. In group
S, 60% of the children had need for giving additional midazolam.

Conclusion: Giving subanesthetic propofol doses 3-5 minutes before the ending of the
surgery effectively reduces occurrence of agitation in children after cataract surgery.

Key words: sevoflurane, propofol, postoperative agitation-delirium.
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Introduction

Congenital cataract operations in children are short timed, but painful and it is necessary for the
children to have general anesthesia. After completing the operation, the eye is protected with
antibiotic ointment and is closed with sterile gauze. The first attempts as well as the followed
attempts to open the eyes, are considered to be the main reason for discomfort and anxiety in
young children (1,2).

Behavior changes, postoperative agitation or delirium (emergence delirium - ED) in
children occurs after emerging from anesthesia. This is a transitory state of impaired mind,
when child is angry, cries out with no reason, has uncontrolled movements, has unusual
hypersensitive towards everything, becomes aggressive and in many occasions attacks
somebody physically. This, stress reaction presents potential risk from self-hurting, hurting
the stuff and the parents (1)].

ED is considered when one or several of the previously described reactions are present. For
evaluation of behavior changes in children several scales are proposed. Pediatric Anesthesia
Emergence Delirium (PAED) measures the degree of delirium, but this scale is difficult for
routine use, as well as the scale of Cravero. Watch scale, on other hand is simple for clinical use,
and thus has a higher sensitivity than the previous two (3).

Anesthesia history presents data for increased incidence of ED, with the introduction of
modern short-acting inhaled anesthetics, primarily sevoflurane (2.4). It is also observed that
ED after sevoflurane is common in pre-school children compared to children over 7 years.
Additionally the region of the surgical intervention is recognized as a risk factor for ED (1).

ED is more common in children undergoing otolaryngology and ophthalmology procedures,
compared to urological and abdominal operations (5). Some authors say that pain is an important
risk factor for ED occurrence, especially when some part of the head is operated. At the same time,
there is evidence that report that lager number of children are developing ED after sevoflurane
anesthesia in painless procedures, (such as diagnostic MRI), compared to those who received
propofol and midazolam (4).

In anesthetic practice, researchers are studying the causes of ED at the same time with the
therapy for ED. It is known that usage of propofol, ketamine, a2-adrenceptor agonist, fentanyl
and preoperative analgesia, reduce the incidence of ED and at the same time these drugs are
very effective in reducing postoperative pain (1,5,6).

The aim of this study was to determine if switching from sevoflurane to propofol (in sub
hypnotic doses) before the ending of surgery reduces the incidence of agitation-delirium in

children after cataract surgery.

Material and Methods
The study included 60 children aged 3-7 years, with ASA (American Society of Anesthesiologists
physical status) I/II, undergoing cataract surgery at the eye hospital, Skopje. According to the
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standards of European Eye Hospital Skopje, all parents bring their children into the operating
room and are present in the recovery room right after the surgery. Therefore, in accordance with
the ethics committee they are thoroughly informed how awaking from anesthesia can be, how
we act and how they can help their children.

Children were randomly divided into two groups. Group P (n=30) included children in whom
3-5 minutes before the ending of the surgery sevoflurane was terminated and propofol 25-50ug/
kg/h was started. The control group S (n=30) were patients in whom sevoflurane anesthesia was
maintained till the end of the surgery.

After admission in the hospital all children were weighing and received oral premedication
with 0.5 mg/kg syrup midazolam and syrup brufen 5Sml (100mg) for preemptive analgesia and
then they were insert venous line. Children who showed anxiety or crying when entering the
operating department were excluded from the study. After entering the operating room the
children were put on continuous monitoring of heart rate, ECG, arterial blood pressure, oxygen
saturation and capnography.

The standardized anesthesia started with fentanyl in a dose of 2pg/kg and propofol in a
dose of 2-3 mg/kg. To facilitate intubation. 0.6-1mg/kg rocuronium bromide was used. After
intubation, children were ventilated in controlled manner with oxygen and air (50%: 50%). The
parameters of tidal volume and frequency were determined according to the age with a target
of end-tidal CO2 of 35-40 mmHg. In all children anesthesia was maintained with sevoflurane
up to 5 minutes before the surgery ending. All children received antiemetic ondansetron dose
of 0,1 mg/kg.

In all children we evaluated the time of un-operated eye opening (on verbal command), the
children’s behavior changes and pain. Behavior was assessed with the help of five degree Watch
scale*. Measurements for Watch scale (0-4 points) was done every 5 minutes during the first
15 minutes. The degree of pain was followed by visual analogue scale (VAS scale**) (Table 1
and 2) (7).

* Watch scale, free access online from Contin Educ Anasth Crit Care Pain (2012) doi:
10.1093 / bjaceaccp / mks051.

Table 1. Watch scale.

Behavior Score
At sleep-sleepy 0
Awake 1

Cry, but can control

Crying, but cannot control

AW DN

Agitating and beating around
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Table 2. Visual Analogue Scale (VAS scale)

Visual Analog Scale (VAS)t

No Pain As Bad
Paln As It Could
Possibly ao|

**Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2539005/15056325 DOI:

Results

Demographic and clinical data in both groups of patents were homogenic.

Average age in both groups was 3 years while on average children weighted 17.9 kilos in group
P and 18.7 kilos in group S. (Demographic and clinical characteristics are shown in Table 2.)

More children in group P were male while more patients in group S were female. Male to
female ratio was 16/14 vs.14/16 in respect to the groups.

Most of the children in both groups were classified as ASA 1.

Table 2. Demographic data, length of the operation and time of extubation.

Variables Eroperol Sevofurane
Mean + SD Mean + SD

Age (years) 343 3+33

Body weight (kg) 17,943,4 18,7+3,2

Length of operation (min) 25,944 26,2+5

extubation time (min) 10£2 1143

Most of the patients in the propofol group were awake during the first 15minutes.

Contrary to this, in group S, the most of the patients were agitated and were beating around
or cried uncontrolled. The percentage of differences for occurrence of agitation+beating and
awekeness between the groups was significant.

Incidence of delirium was much greater in the group with sevoflurane (Fischer accuracy
test, p <0.0087 sevoflurane group vs propofol group p> 0.9999).

In group S, in 60% of the children additional midazolam was given during the first hour.
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Table 3. Watch scale during the first 15 minutes.

Watch score (Gnr:();l (I)))P glr:();l (I)))S
minutes 5710715 5710715

patient No. patient No.
4 3pts// 15 pts 14 pts 9 pts
3 4 pts 3 pts 2pts 10 pts 7 pts 5 pts
2 9 pts 7 pts 6 pts 5 pts 5 pts 4 pts
1 14 pts 20 pts 22 pts 5 pts 4 pts 12pts

The pain perception according to VAS of 3 was noticed in both groups on 15’ and 30™ minute.
On the 60™ minute in both groups VAS of 2 was noticed.

Discussion

This study found out that the incidence of behavioral changes is much greater in children with
sevoflurane anesthesia during the procedure compared to those who recievedsubhypnotic doses
of propofol at the end of the operation.

Theories that elaborated the possible causes of postoperative delirium include hypoxemia,
metabolic disorder and pain or drugs effects (2.5, 8). In this study, all patients were healthy,
procedures lasted for a short time, without hemodynamic instability and without registered decline
in oxygenation. Also, all patients were without pain because of preoperative given analgesic.
So, ED after anesthesia with sevoflurane was not a result of pain, hypoxia or metabolic disorder.

Numerous clinical studies confirm that behavioral changes are common phenomenon in
children after anesthesia with sevoflurane or desflurane and the incidence is significantly higher
compared to halothane or anesthesia based on propofol (1, 5, 9). Also, agitation is reported to
be common in pre-school children compared to children over 7 years (10,11).

The incidence of delirium in children after sevoflurane anesthesia, in the quoted studies,
ranged from 23-46%, which is similar to our findings. The incidence behavioral changes after
propofol given in a single dose, ranges between 0-9%. In our study is higher, which may be
due to differences in the method of giving propofol, continuous or bolus dose. The findings of
this study confirmed that propofol is an important factor in reducing postoperative behavioral
changes and agitation, after ophthalmological interventions in pre-school children. It should
be considered that ophthalmic procedures in children give possible to be followed by a higher
incidence of behavioral changes due to the impaired vision and closed eye (1).

Postoperative pain is an expected phenomenon, especially at the same day of (ambulatory)
surgery. The combination of pain and discomfort related to the place of operation is a phenomenon
also observed in the operations of nose and throat (12).
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Conclusion
Giving subanesthetic propofol doses 3-5 minutes before the ending the surgery effectively reduces

occurrence of agitation in children after cataract surgery.
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E®EKT HA ITPOITO®OJI BP3 ITPOMEHUTE HA
OAHECYBAILETO ITIOCJIE AHECTE3HNJA CO
CEBO®J1YPAH KAJ IELHHA OIIEPUPAHU HA KATAPAKTA

AIICTPAKT

Bogen: IlojaBara Ha aruranyja 1 IpOMEHHU BO OHECYBAKETO Ha JelaTa Iocie aHecTe3nja
co ceBoduiypaH e BooOUUYaeHa, 0COOCHO Kaj KpPaTKOTPAjHM MHTEPBEHIMHU KAKBU ILITO CE
odranmoxupypuikute oneparuu. KparkorpajHa npuMeHa Ha mpornogoi BO CYOXUITHOTCKHU J03U
HEMOCPETHO Mpel NPEKUHYBambe Ha CeBO(IypaHOT MOXKeE /1a OBO3MOXH e€(EeKTHUBHA celaluja u
HaMaTyBame Ha MHIIUJCHIIATa HA TEIIKa aruTallyja.

Hea: OBaa cTyanja uma 3a 1eid Ja ONpeleNn Aall TPEMUHYBalke KOH Mpornodoi BO
CYOXMITHOTCKH JIO3H 110 MPEKHHOT Ha ceBOQITypaH ja HaMalyBa [0jaBaTa Ha aruTallyja-1eTupruyM
Kaj Jierara mo omnepaiyja Ha KarapakTa.

Marepujaa u meton: 60 neua Ha Bo3pact of 3-7 rogunu, co ACA I unu I ckop (American
Society of Anaesthesiologysts physical status), 3akakanu 3a ornepaiyja Ha KaTapakTa, 10 METO/I
Ha ciydyaeH u30op Oea monesneHu Bo aAse rpynu. [pynara [1(n=30) BkirydyBame aemna kaj KOu
5 MUHYTHU Tpel Jia 3aBplIu omepanujara ceBoIypaHoOT Oellle UCKIY4YeH U ce BKIIydyBalle
nponodoa Ha mymma Bo no3a ox 25ug/kg/h u xourponna rpyna C, Kajae aHecre3ujara
3aBpuryBaie co ceBodaypan. Kaj cute ucnutanuim ce perucTpupaiie BpeMeTo Ha OTBOpamhE
Ha HEOIepUPaHOTO OKO Ha BepOaslHa KOMaH/a, CTETICHOT Ha aruTalija U CTEIeHOT Ha OoJIKa.
AruTanujaTta ¥ OJJHECYBamETO Ha JieriaTa Oelle OleHyBaHO cropes met crerneHara Watch
CKaJia, a CTeTICHOT Ha 0oJka Oerre ciefeH cropes Bu3yelHara aHajmorHa ckama (VAS scale).
JIOTIOJTHHUTEITHO, C€ PETUCTpUpalle U MoTpedara 3a JOMOTHUTETHO JIaBamhe Ha MUA30J1aM BO
JIBETE TPYIIH.

Pesyararu: Aruranuja Oeme perucTpupana Kaj CHrHU(QHUKAHTHO morojem Opoj Aena oj
rpynara C. [Iponentyannute pa3iauku Mel'y rpynute 0ea CUrHU(HKaHTHH BO OAHOC Ha CKOPOBUTE
on Watch ckanara 3a arutanuja u OyIHU, MUPHH MTAIlUSHTH, TOMETY JIBETE TPYIN Ha MAlUCHTH.
Perucrpupanara 0oika He Oemie pa3indHa Mery aBete rpynu. [loronem Opoj Ha MaUEHTH O
rpynara C (60%) nmaa notpeba o1 J0/1aBak-¢ Ha MUIA30J1aM BO JIAJICHUOT MEPHUO]I.

3akayuok: CybaHecTeTHUYKH 03U Ha MPornodol HEMOCPEIHO Npell MPEeKUHYBamke Ha
ceBouIypaHOT e(pUKacHO ja HaMallyBa IOjaBaTa Ha aruTalMja Kaj Jera Mo omnepaiudja Ha
KaTapakTa, a Py Toa HeMa 3HAYUTEIIHO MPOIOJDKYBabe Ha OyJICHETO.

Kayunu 360poBu: mocTorneparuBHa aruTaiuja-aeupuyM, mpornodoi, ceBodaypaH.
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ABSTRACT

Aim: The aim of the study is to determine the obstructive sleep apnea as predictive factor
for difficult endotracheal intubation in morbid obese patients.

Material and methods: Clinical prospective study. We tested obstructive sleep apnea (OSA)
and its severity, as determined by apnea-hypopnea index (AHI); neck circumferential (NC), and
body mass index (BMI) in morbid obese patients scheduled for establishing the airway with
tracheal intubation.

Polysomnography was used to define the severity of obstructive sleep apnea. The inclusion
criteria for the patients were: morbid obese patients, patients with body mass index more than
40kg/m? and patients with severe sleep apnea with apnea-hypopnea index more than 30 abnormal
respirations/hour during the sleeping time of 8 hours.

Neck circumferential was measured preoperatively. Mallampati score was investigated before
induction in anesthesia, while Cormack and Lehane score was notified during the laryngoscopy
before the intubation. Mallampati score 3 and 4; Cormack - Lehane score 3 and 4 were defined
as difficult intubation scores. Endotracheal intubation was performed in elevated position of the
head for 25 degrees.

Results: There was no positive correlation between obstructive sleep apnea, body mass index
and neck circumferential with difficult intubation scores Mallampati and Cormack - Lehane score
in morbid obese patients scheduled for general anesthesia intubated in elevated head position for
25 degrees. Mallampati score, measured before induction, showed the levels 1 and 2; Cormack
- Lehane score, measured before intubation, showed the levels of 1 and 2, too.

Discussion and conclusion: Elevated head position for 25 degrees facilitates endotracheal
intubation in morbid obese patients with severe obstructive sleep apnea score. We concluded
that obstructive sleep apnea is not a predictive factor for difficult tracheal intubation in morbid
obese patients.

Key words: morbid obese patients, obstructive sleep apnea, tracheal intubation.
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Introduction

Obstructive sleep apnea (OSA) is a highly prevalent disease since it could affect 7-15% of the
middle-aged population, but most patients are not yet diagnosed for OSA. Middle age, male
gender, obesity and arterial hypertension are main risk factors for OSA in adults (1, 2). Obesity
changed the anatomical measures of the oropharynx and neck circumferential. Body mass index
higher than 40kg/m? disables face mask ventilation and oxygenation of the patients that had to
be scheduled for general anesthesia with tracheal intubation.

These patients have the episodes of hypoxia during the sleep, because of the low tonus of the
pharyngeal muscles, soft palate falls in glottis that produces upper airway obstruction (3). Face
mask ventilation and oxygenation during the anesthesia induction are disabled at morbid obese
patients. Because OSA may lead to life-threatening problems if undiagnosed, anesthesiologists
should be aware of their screening role in the preoperative period. In the postoperative period,
early resuming continuous positive airway pressure and installing the OSA patient in a nosupine

position could be effective in preventing pharyngeal obstruction.

Material and Methods

50 patients, 30 men and 20 women were included in the study. Preoperative preparation for
the patients included: spontaneous respiration measurement in sitting position and body mass
index. Patients with body mass index more than 40kg/m?* were scheduled for polysomnography.
Severity of OSA was quantified using AHI and the American Society of Anesthesiologists’ OSA
severity scale. Obstructive sleep apnea syndrome in adult is defined as an Apnoea -Hypopnoea
Index (AHI) of 5 or more per hour of sleep in a context of excessive daytime sleepiness and
snoring. OSA is considered as mild with an AHI of 5-15, moderate with an AHI of 15-30, and
severe with an AHI greater than 30 (4,5).

Mallampati score was evaluated in sitting position in the preparation room (6). Neck
circumferential was measured before intubation. The position of the patients’ heads was elevated
for 25 degrees from the operating table by the pillow. Cormack — Lehane score was notified
during the visualization of the glottis, before intubation (7, 8).

Intubation attempts were limited up to 3; they lasted no longer than 10 minutes. Tracheal
intubation was performed with silicone tube without stile.

Mallampati 3 and 4 as well as Cormack — Lehane score 3 and 4 are predictors for difficult

intubation.

Results
Our results showed that the mean BMI was 45.0 kg/m?. The mean AHI was 32.1 (range 0-133).
The mean neck circumference was 42cm.

All patients were intubated successfully without aid of rescue airways by anesthesiology
residents within 10 minutes and max of three attempts.

| 40 |



Macedonian Journal of Anaesthesia

There were 10% incidence of Mallampati 3 and 4. The incidence of difficult laryngoscopy,
defined as a Cormack - Lehane Grade 3 or 4 view was 6.3%.

There was no correlation between NC and difficult tracheal intubation (odds ratio 1.0, 95%
confidence interval 0.93-1.1; p=0.02). Increasing NC was associated with difficult visualization
that consume 10 minutes, the edge time for the procedure, but not difficult intubation (p = 0.02).

There was no correlation between the severe OSA (AHI 32.1) and difficult intubation (p = 0.09),
or between BMI and difficult intubation (odds ratio 0.99, 95% confidence interval 0.92-1.06; p=0.8).

There was no correlation between number of intubation attempts and BMI (p = 0.8), AHI
(p=0.81) or NC (p =0.3).

Discussion and Conclusion
There is no correlation between OSA, BMI, NC and difficult intubation in morbid obese patients.
The head position with 25 degrees elevated is the proper intubation position for these patients.
This position allows good visualization of the vocal cords that facilitate tracheal intubation.
We conclude that OSA and AHI could not be predictive factors for tracheal intubation in
morbid obese patients.
There are many other scales to define OSA like: Epworth sleepiness scale (ESS); STOP-
BANG questionnaire is a well-adapted instrument to screen patients for OSA during the
preoperative visit (9-12). They all use an AHI index to define severity of the OSA that could be

in correlation with difficult intubation.
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EHAOTPAXEAJ/IHA HHTYBAIIUJA KAJ MOPBUIHO
I'OJASHU ITAHUEHTHU CO OBCTPYKTHUBHA CJIMII AITHEJA

AIICTPAKT

Iea: Lenrta Ha cTyaujara e ja ce onpeneny Jaai 00CTpYKTHBHATA CIIHII alTHEja TPETCTaByBa
MPEeIMKTUBEH (haKTOp 3a TeIllKa eHI0TpaxearHa HHTyOaIuja kaj MOpOUIHO TOja3HU NMAIMCHTH.

Marepujan u MeTOAM: KIMHUYKA [IPOCHEKTUBHA cTyAuja. [0 ogpenyBaBMe CTENEHOT
Ha oOctpykTtuBHata cinun anHeja (OCA) cnopen anmomHeja-xunomnHeja HHACKCOT (AXU);
nupkyMpepennujara Ha BpatoT (HL]) u 60oau mac unnekcor (BMW) xaj mopOugHO rojazHu
MAIMeHTH, Kaj Kou Tpeballe Aa ce BOCIOCTAaBH JUILIEH HaT CO €HAOTpaxealHa MHTyOaluja.
[TonucomHorpadujara Gerie KOpUCTEHA 3a ONPEAETYBabE Ha CTENEHOT HAa OOCTPYKTHBHATA CIIMIT
anHeja. Kputepuymu 3a BKIIydyBame BO CTyaujara 6ea: MOpOUIHO Toja3HH MAMEeHTH co 60au
Mac uHaekce norojiem ox 40kg/m? v manueHTH CO CHJIHA CIIUIT allHEeja CO aroIHeja-XHUIOMHeja
uHIeKC noroyieM on1 30 abHOpPMaJIHH pecUpalui/4ac 3a BpeMe Ha CIiee o7 § yaca.

[upkymdepeHijata Ha BpaTtoT Oemie MepeHa mpenoneparuBuo, Mallampati ckopot ce
olpezieyBalllie pej1 BOBEOT BO aHecTe3u]ja, nojaeka Cormack-Lehane ckopor ce onpenenysarie
3a BpeMe Ha JJApUHTOCKOITHja HEITOCPEIHO TIPe]l eHa0TpaxeanHara naTyoamuja. Mallampati ckop
3 u 4, xaxo u Cormack-Lehane ckop 3 u 4, npenBuayBaa Jeka HHTyOanmjara ke Ouae Telka.
EnnorpaxeanHara mHTYOaI1ja ce W3BeIyBallie BO MOUrHaTa Mo3uIlHja Ha I1aBaTa 3a 25 CTeTeHH .

Pesyararu: He noctoenie no3utusHa kopemnaiuja nomery OCA, BMU, mupkymbepennujara
Ha BpaToT U TeKWHATA HAa HHTyOaIujaTa onpenenysana cniopea Mallampati u Cormack-Lehane
CKOPOT Kaj MOpOHIHO T0ja3HU MAIlICHTH BOBEICHHU BO OTIIITA AHECTE3H]a, TOCTABEHHU BO MO3UIIH]a
3a MHTYOAIMja CO MOANTHATA TJIaBa Of 25 CTeTICHH.

JMuckycnja u 3akiay4dok: [logurnarara miaBa Ha MalMEHTUTE 3a 25 CTENEHHU ja OJIECHYBa
eHJI0TpaxeallHaTa MHTyOalnja Kaj MOpOUIHO T0ja3HU MAIMEHTH CO CHITHA OOCTPYKTUBHA CJIUII
arnHeja. 3aKIy4rBMe JeKa OOCTPYKTUBHATA CJIUI allHeja He MPEeTCTaByBa NPEAUKTUBEH QaKTop
3a TellKa eHJoTpaxeaaHa UHTyOaluja Kaj MOpOUIHO rOja3HU MAlUEHTH.

Kayunu 300poBu: eHIOTpaxeaHa MHTyOaIja, MOPOHTHO TOja3HH MAIIMEHTH, 00CTPYKTHBHA

CJIMII amHeja.
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ABSTRACT

Myasthenia gravis patients undergoing general anesthesia are real challenge. Several
contemporary issues of the disease, as well as the therapy and additional contributing factors
interfere with the anesthetics on several levels. Up to day, literature has not proved which type
of anesthesia or anesthetics are superior in such patients. The aim of this article is to elaborate
and review some of the possible aspects of this disease and their interference with anesthesia
that have direct influence on these patients outcome.
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Corresponding author: Jovanovski-Srceva Marija, University Clinic for Anesthesia

Reanimation and Intensive Care, Skopje, R.Macedonia; +38972652475;

E-mail: marijasrceva@gmail.com

| 44 |



Macedonian Journal of Anaesthesia

Introduction

Myasthenia gravis is a chronic autoimmune disease characterized by destroyed acetocholine
receptors at the neuromuscular junction (1). Anesthetic management for these patients in general
anesthesia is very challenging.

Many aspects of the disease interfere with the anesthetic management and when all aspects
are not carefully elaborated anesthesia may have detrimental outcome.

When myasthenia is elaborated in relation to the surgery, anesthesia and complications,
authors have proved that the preoperative therapy, stage of the disease, the histology of the thymus,
and the usage of neuromuscular relaxant play major role in the postoperative complications in
these patients (2,3,4).

The aim of this study is to evaluate and review all possible implications

(neurological state, preoperative therapy, preoperative assessment, different type of

anesthetics used) in myasthenia patients undergoing general anesthesia.

Neurological Aspect of Myasthenia Gravis

First aspect that has to be evaluated in myasthenia patient is the degree of the underlying disease.
Myasthenia gravis can be classified by different classifications, but the mostly used is the one
proposed by Osserman and Genkis (4). This classification was firstly introduced in the late 1980s
and classifies myasthenia patients according to the progression of the disease and the muscle
enrollment to several stages where:

* I: Ocular myasthenia,

+ IIA: Mild generalized myasthenia with slow progression: no crises, responsive to drugs,

+ IIB: Moderately severe generalized myasthenia: severe skeletal and bulbar involvement,

but no crises; drug response less than satisfactory,

« III: Acute fulminating myasthenia, rapid progression of severe symptoms, with respiratory

crises and poor drug response,

» [V: Late severe myasthenia, same as III, but progression over 2 years from class I to II.

Global burdens of myasthenia show that ptosis, diplopia and blurting are present in nearly
50% of all patients, as sole symptoms, while in around 20% bulbar muscles alone are affected.
The age presentation is bimodal, male to female ratio is 4:1 and the mortality rate in these patients
after 1980 has drastically decreased (5).

Besides these qualitative scores, additional Quantitative myasthenia scores are present as
the one of the Barohn at al., where different features (ptosis, facial muscles activity, swallowing,
speech, arms outstretching, vital capacity, hand grip, head lifting and legs stretching) are
individually graded (6). In our opinion these quantitative scores are more predictive in terms of
anesthesia complications and give the anesthesiologist global knowledge of the patient’s state.

However, these burdens confirm that 85% of all myasthenia patients have possibility to

develop muscle weakness after anesthesia. Every anesthesiologist should know that the most
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of myasthenia published cases, where anesthesiology management is disused, are myasthenia
patients undergoing thymectomy. Thymectomy is the first line of therapy for myasthenia patients
(90% of the cases are positive for acetylcholine receptors antibodies) and therefore thymectomy
is usually done in the early stages of the disease (2, 3).

Anyway, every stage of the disease needs special collaboration between the anesthesiologist,
neurologist and surgeon. Furthermore, more advanced stages need special preoperative therapy
and physical preparation that might take months in order to reduce the incidence of complications.
Every patient with myasthenia should be considered as a high risk patient no meter how minor

surgical intervention is.

Myasthenia Gravis Therapy Optimization
According to the progression and the symptoms of the disease, different therapy is used. When the
myasthenia therapy is elaborated in relation to the surgery, anesthesia and complications, authors
have proved that the preoperative therapy, stage of the disease, the histology of the thymus, the
usage of neuromuscular relaxant, play major role in the postoperative complications, as well as
in the remission of the myasthenia (increase symptoms after thymectomy) (7).

Preoperative therapy for myasthenia, in general consists of several modalities:

anticholinesterase drugs (pyridostigmin, neostigmine), immunosuppressant (cyclosporine),
plasmapheresis and immunoglobulins. Preoperative therapy goals for myasthenia patients are
optimization of anticholinesterase therapy, weaning of corticosteroids (to the lowest dose) and
if needed, plasmapheresis should be done (to prepare the patient for surgery) (8).

Anticholinesterases increase the synaptic cleft acetylcholine. Different centers have different
perspective for taking or omitting these drugs on the day of the surgery. These differences are
mainly due to the different experiences from the centers, as well as the possibility of this drug
to increase the need for neuromuscular relaxants and additional effects. Anticholinesterases
potentiate the vagal responses and hence adequate atropinisation must be ensured. Also,
anticholinesterases can inhibit plasma cholinesterase activity with a subsequent decrease in the
metabolism of ester local anesthetics, and the hydrolysis of suxamethonium will be decreased (9).

The globally used guidelines is that in the mild cases of myasthenia, half of the
anticholinesterases doses should be taken in the morning of the surgery while full dose in moderate
to severe forms. Additionally, what should be absolved is that two ampoules of neostigmine (1
mg) are equal to 30 mg pyridostigmin, so if neostigmine is given, the doses should be equilibrated.

For the corticosteroids, minimization is suggested in order to reduce the postoperative
wound healing problems, infections and pulmonary complications. If present in the preoperative
treatment, these drugs are usually omitted on the day of the surgery (8).

Azathioprine (immuran) decreases the steroid doses, while cyclosporine (immunosuppressant)
and immunoglobulins are used months or weeks prior the surgery to optimize the stable state for

the patient that lasts for weeks.
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Several data suggest that plasmaphereses are mainly needed in more progressive stages of the
disease. Preoperatively plasmaphereses preconditioning is suggested at least two weeks pre surgery.
Furthermore, it is proven that the preoperative plasmaphereses are more beneficial than postoperative
and may allow some discontinuation of the anticholinesterase drugs in surgery patients (9).

However, every strategy concerning the preoperative therapy and the therapy on the day of
the surgery is mainly constructed for every single patient in collaboration of anesthesiologist,

neurologist and surgeon.

Preoperative assessment
In myasthenia, preoperative comorbidities evaluation and optimization play major role in reducing
the postoperative risks.

Respiratory and cardiac enrolment should be carefully investigated and evaluated (10,11).
Spirometry in myasthenia patients, may show normal total capacity, but low vital capacity with
normal to high residual volume. Cardiologic impairment is usual finding in these patients, especially
the presence of arrhythmias, bradycardia and atrial fibrillation, as well as the presence of left
ventricular dysfunction. Every therapy chronically taken should be taken on the day of the surgery.

However, some new data propose that train-of four (TOF) stimulation before the surgery,
is sometimes a baseline function that should be considered on the awakening (9). Therefore,
commonly this is a test plus that should be evaluated in the preoperative assessment.

Myasthenia gravis patients Foundation confirms that the myasthenia patients who need
prolonged mechanical ventilation are those who have higher degree of the preoperative
comorbidities, patients that are stage IIB and higher, patients who have myasthenia more than
6 years, with vital capacity below 2.9 L and those who take pyridostigmine doses larger than
750 mg/day (9).

Drugs that Might Emphasize the Myasthenia
Some of the medications are reported to cause exacerbations of myasthenia and their use should
be excluded in the preoperative and postoperative period (9):
Antibiotics - macrolides, fluoroquinolones, aminoglycosides, tetracycline, and chloroquine;
Antiarrhythmic agents - beta-blockers, calcium channel blockers, quinidine, lidocaine,
procainamide, and trimethaphan;
Miscellaneous - diphenylhydantoin, lithium, chlorpromazine, muscle relaxants, levothyroxine,

adrenocorticotropic hormone (ACTH), and, paradoxically, corticosteroids.

Anesthesia and Myasthenia
Sedation
According to the literature, preoperative sedatives, anxiolytics or opioids premedication’s

drugs are commonly used in myasthenia patients, but their usage should be with precaution in
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patients with little respiratory reserve (9). If the patient has primarily ocular symptoms, a small

dose of benzodiazepine is acceptable.

Monitoring

Anesthetic plan for every myasthenia patient should be individualized and in all patients
intraoperative monitoring should be used. All patients should undergo for an intraoperative
temperature, ECG, blood pressure, respiratory rate, pulsoximetry, carbon dioxide, and TOF

monitoring, that according to the literature are considered as a standard (9).

General Anesthesia Techniques

Several general anesthesia techniques are proposed for myasthenia patients even though none
of them are proven to be superior. Some prefer avoiding muscle relaxants and the use of potent
inhalation agents, both for intubation and relaxation during surgery. Other prefer intravenous
anesthesia with small doses of muscle relaxants, and certainly there are authors who prefer total
intravenous anesthesia, but are always reconsidering the cardiovascular instability.

Anesthesia with inhalation anesthetics are reported, but the fundaments of pharmacokinetics
and pharmacodynamics of these agents are that they prolong the effect of the neuromuscular
blockade which is profound in myasthenia patients (12,13,14).

Isoflurane and enflurane decrease the train of four (TOF) response in myasthenia patients.
Theoretically, desflurane and sevoflurane have advantages due to their low blood solubility.
Sevofluran has been reported to be safe as a sole anesthetic when used with MAC (Minimal
Alveolar Concentration) of 1-2, in myasthenia patient. On the other hand, it has been found that
sevoflurane appears to depress neuromuscular transmission sometimes in larger extend than
isoflurane (14, 15).

Desfluran has not been extensively elaborated in myasthenia, but normally when this agent
is used in non myasthenia patients, the need for muscular relaxants is lower, so theoretically this
agent pronounces the neuromuscular block as other inhalation agents (16).

Therefore, if inhalation anesthetics are used for induction and maintenance of anesthesia
in myasthenia patient as sole agent and without muscle relaxants, they may be given safely,
otherwise reconsideration should be done.

Usage of short acting barbiturates (like thiopental) and non barbiturate agents (like propofol)
as induction and maintenance agents are reported to be safe in myasthenia patients. O’Flaherty
et al., Stephanson and Srceva M. gave certain theoretical advantage to the propofol due to the
short time of action and lesser effect on the neuromuscular junction (17, 2, 18).

Different studies show different results in what maintenance agent is superior in myasthenia
patients. Many authors suggest that sevoflurane is suitable as sole maintaining agent, while
other give superiority to propofol. All reports confirm that both of the agents can be safely

used in myasthenia patients, but direct comparison is impossible. Firstly, because the former
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is inhalation, whereas the latter is intravenous anesthetics; secondly, corticosteroid inhibits
the synthesis of GABAergic steroids and may lead to antagonistic interference with propofol.
Therefore, comparison of their neuromuscular effects requires a deliberate interpretation (18).

The usage of opioids for surgery is common practice. Literature presents studies that opioid
usage in myasthenia patients doesn’t appear to depress neuromuscular transmission, but may
depress central respiratory center when given in supra-therapeutically dosage (9,2).

On the other hand, to our knowledge, no large randomized study is published that show
the advantages or disadvantages of the short acting opioid (remifentanil) in combination with
propofol as induction or management in these patients. All published studies have showed
some advantages for this type of induction in myasthenia patients, in regards of extubation and
compared to inhalation anesthesia techniques (19,20). But there are still reports, which show that

this combination of induction and maintenance resulted in delayed postoperative arousal (21).

Usage of Muscle Relaxants in Myasthenia Patients

Succinylcholine: Patients with myasthenia show resistance to succinylcholine due to the loss
of the receptors, and this relaxant produces muscular block by agonist action. Because of this,
usage of succinylcholine in myasthenia patients is not recommended (2, 9, 22) even though it is
possible with higher doses administrated.

Additionally, if the patient has cholinesterase depletion after plasmapheresis or due to high
pyridostigmine doses, the metabolism of this drug is changed and results in prolonged block.

Non depolarizing muscle relaxants (NDMR): Myasthenia patients are sensitive to NDMR and
even small doses might result in respiratory distress. This sensitivity is not always proportional
to the neurological state of the disease and literature reports extreme sensitivity in patients with
minor symptoms or even being asymptomatic (22-26).

Long-lasting NDMR (pancuronium, doxacuronium) should be avoided in myasthenia
patients, while short acting (vecuronium, atracurium, rocuronium, cisatracurium etc.) should be
used with special precaution and adequate monitoring.

Literature reveals that the elimination of vecuronim in myasthenia patients is not alerted,
that myasthenia patients have similar sensitivity to cisatracurium as the non myasthenia patients.
However, increased sensitivity to mivacuronium has been reported (25).

Studies confirm that when rocuronium is given in small doses for intubation no adverse or
prolonged block was noticed, while others confirm that rocuronium need extreme conversion
and is safe to be given in myasthenia patients only if suggamadex is given. Novel strategies for
anesthesia with muscle relaxant especially rocuronium are based on the usage of the suggamadex
as a reversal agent (27,28).

Although literature in the past was very critical to the usage of muscle relaxants in myasthenia,
resent studies are suggesting that short acting NDMR are safe to use (27). However, myasthenia

patients’ response to relaxants is difficult to predict so these drugs should be used with precautions.
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Usage of Reversal Agents

The usage of agents for reversal of muscle relaxants in myasthenia patients remains
controversial. Some argue that the presence of anticholinesterases and antimuscarinics will
confuse efforts to differentiate weakness due to inadequate neuromuscular transmission from
cholinergic crisis in the recovery room. They prefer spontaneous recovery and extubating when
the patient has demonstrated adequate parameters for extubating (head lift, tongue protrusion, arm
lifting).As of 2010 several authors, argue that the effect of rocuronium should be reversed in all
MG with sugammadex (27). Some older reports show results that reversal of neuromuscular block

with neostigmine is not needed in all MG patients, when single dose of rocuronium is given (2).

Postoperative Consideration

Based on the preoperative condition of the patients, the surgery extend, the anesthetics used
careful extubation should be planned together with adequate pain control, avoidance of drugs that
interfere with the neuromuscular transmission. All myasthenia patients should have at least 24
hours of adequate postoperative monitoring. What should every anesthesiologist reconsider, is the
possibility of occurrence of cholienergic crisis. Cholienergic may result from excess acetylcholine due
to excess of anticholinesterase drugs. Signs are involuntary twitching, fasciculation and weakness.
In this situation, if muscarinic effects are present diagnosis is easily made and in the absence of this

signs patient should be allowed to recover clinically with the mechanical ventilation support (29).

Conclusion

Myasthenia gravis is a disease that has many implications and aspects for safe anesthesia
administration. Controversies are still open to work on, but different anesthesia induction and
maintenance techniques with or without NDR are proposed to be safe. The choice of what
anesthesia is still left on the anesthetists’ experience and knowledge. Additionally, excessive
collaboration between the anesthesiologist, neurologist and surgeon are essential for minimizing

the postoperative complications.
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MHUACTEHHNJA TTPABUC U OIIILITA AHECTE3HUJA

AIICTPAKT

[TaneHTUTE CO MUjaCTEHHja TPABUC KOU CE ONEPHPAAT C€ BUCTHMHCKH aHECTE3UOJIOUIKU
npenu3BuK. MHOTY actiekTu Ha Ooliecta, Tepanujara 1 KOMOpOUAUTETUTE UHTEpdepupaar co
aHECTETUUYKHUTE JIEKOBU Ha MoBeke HIBOA. JIuTeparypara c¢ yITe He /JaBa CHIIHU JIOKa3H 32 T0a KOj
BUJ] Ha aHECTETUK WJTM aHECTe3Hja € CyIepuopeH Kaj oBue nmaiuenTtu. Llenra Ha oBoj peBujaieH
TPYZ € /1a ce W3HecaT U enabopupaar CUTE MOXKHHU aCIEKTH KOW MMaaT MOXKHO BIIMjaHHE BP3
MCXO/IOT HA MalMEeHTUTE KOM UMaaT MHjacTeHH]ja, a ce olepHupaar BO OIIITAa aHECTe3Hja.

Kiay4nu 300poBH: MujacTeHuja rpaBUC, OMILTA aHECTE3H]a.
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ABSTRACT

Postoperative care is most commonly shared between health professionals from different
disciplines, who should be suitable qualified and aware of the general principles of pain
management in children. Initiation of postoperative analgesia is the obligation of every pediatric
anesthetist. In consultation with parents/ tutors and other members of the team, one must plan
and organize postoperative analgesia prior to surgery. Children should not be discharged from
Postoperative Care Units before adequate pain control is established and ongoing analgesia is
available. The most severe pain occurs within 24-72 hours after surgery and may persist several
days, even weeks. Analgesia can be given per hours in the early postoperative period and then
as required. It is also very important that, prior to discharge from the hospital, patients and their

parents/tutors should be given advice on how to assess pain and administrate analgesia at home.

Coresponding author: Mitrovic M. Department of Anesthesia, University children's hospital,

Belgrade, E-mail: mamarija74@gmail.com

Review of literature
This review discusses the approaches in the treatment of postoperative pain in various urological
surgical procedures in children.

When we speak about circumcision, it is frequently regarded as a relatively minor surgical
procedure, even though it may be associated with significant postoperative pain and distress.
LA techniques including a regional block or topical application can be effective in the early
postoperative period (1,2,7).Caudal and dorsal block analgesia were equivalent and superior to
subcutaneous ‘ring’ block and were demonstrated as a low failure and serious complication rate
in all studies (1,3-6). According to some studies, a caudal block increased the time to micturition
and incidence of motor block in comparison to dorsal nerve block and subcutaneous ‘ring’ block,

but this finding was not reported in other trials (1,3-9). There is still no information about the
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ideal agent, dose, or concentration for a caudal block. What has been shown is that the usage of
ultrasound for dorsal nerve block improved the efficacy and decreased the incidence of failed
blocks (8). When talking about caudal neuraxial analgetics additives, Ketamine combined with
LA increased analgesic efficacy, but also increased motor block in comparison to LA dorsal nerve
block (11). Pudendal nerve has also been shown as effective for circumcision (9,10). On the other
hand, parenteral opioids provided lower analgesic efficacy and increased postoperative nausea
and vomiting. NSAID as a single agent was inferior to dorsal nerve block, but when combined,
it could decrease supplementary analgesic use compared to other technique in isolation (7).

Due to differences in clinical practice and evidence base, neonatal circumcision is observed
separately from circumcision in elder children, and postoperative pain control after it, in this
particular group has not yet been well investigated. There was significant failure rate for all
techniques studied (12,13). Usage of LA was superior to either placebo or simple analgesic and
sucrose (12). Dorsal nerve block appeared to be more efficient than subcutaneous ’ring’ block
or topical LA (12). As studies have shown, topical local anesthetic agents efficacy was very
dependent on the technique of application and time allowed (12). Caudal epidural analgesia has
not yet been studied.

Orchidopexy is generally performed on a day-case basis. Caudal LA using 1ml/kg of
0.125-0.25% bupivacaine or 1-1.5 ml/kg or 1-1.5 ml/kg of 0.15-0.225% ropivacaine was most
commonly investigated and it was associated with good efficacy, low failure, and serious
complication rate, less supplementary analgesic use and lower levels of stress hormones when
compared to ilioinguinal nerve block plus local infiltration (16-18). No difference in time to
micturition, motor block or nausea and vomiting between the two techniques has been detected
(14). A higher volume of local anesthetic, 1ml/kg, did not improve postoperative analgesia,
but it was associated less response to cord traction (17). The addition of ketamine 0.25-1 mg/
kg as an adjunction to bupivacaine increased analgetic efficacy of neuraxial analgesia, but was
associated with ‘short-lived psychomotor effects’ at higher doses (19). IV dexamethasone added
to caudal block increased analgesic efficacy (20). As a part of a multi-modal analgesic technique,
transverse abdominal plane (TAP) block using plain LA, was associated with good perioperative
analgesic efficacy with no complication in a small case series (21).

Hypospadias surgery may be both relatively superficial and minor suitable for day-case, or
more major reconstructive requiring hospital admission overnight or longer, which will influence
postoperative analgesia treatment. Caudal LA was most commonly investigated and it was
demonstrated as a technique with good efficacy and low failure and serious complication rate (22-
25). Most frequently studied was bupivacaine 0.25%, 0.5ml/kg. There were few more comparisons
with other local anesthetics and between different concentrations or volumes. According to
one study, caudal ropivacaine 0.1% 1.8 ml/’kg was more effective with less motor block than
ropivacaine 0.375%, 0.5 ml/kg.”” When talking about caudal neuraxial analgesic additives

combined with LA, neostigmine or diamorphine added to caudal bupivacaine increased analgesic
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efficacy, but also the rate of nausea and vomiting in two of the studies (26,28). Tramadol added
to bupivacaine increased the analgesic efficacy in the first 24 h postoperatively in some studies
but did not increase efficacy in other studies, same as clonidine or sufentanil (29-31). In case LA
was excluded, ketamine or mixture of ketamine and alfentanil was superior to alfentanil alone,
and higher doses of neostigmine increased efficacy, but also postoperative nausea and vomiting
(32-33). Summing, further research to identify safety profile, risk/benefit and dose are required,
as the use of neuraxial analgesics has not yet been fully studied. According to one study alone,
which compared different techniques, tramadol given by the caudal route demonstrated better
analgesic efficacy and less postoperative nausea and vomiting than when given intravenously
(34). Both intra and postoperatively, epidural analgesia provided good results, regardless of the
local anesthetic agent used, bupivacaine, levobupivacaine, or ropivacaine. In one study there was
an exclusion rate of 10% (35). Adding fentanyl to ropivacaine increased analgesic efficacy for
postoperative epidural infusions at low concentrations of ropivacaine, 0.125% (15). For distal
hypospadias repair, dorsal nerve block was shown as eftective. Some of the research pointed that
placing the block prior to surgery improved analgesic efficacy (36). Spinal intrathecal neuraxial
analgesia using hyperbaric 0.5% bupivacaine is effective both intra and postoperatively. Adding
morphine to the LA increased the efficacy without increasing side effects in one study (37).
Compared with a caudal block alone in one study, paracetamol given alongside, did not improve
analgesia in the first six postoperative hours (38). Overall, in clinical practice, a multi-modal
analgesia for hypospadias surgery is suggested, with regular supplementary analgesia given in
the postoperative period, but there is still no sufficient data to evaluate its use in either early or
late postoperative period.

When talking about major urology procedures, including pyeloplasty, nephrectomy,
heminephrectomy, bladder augmentation/reconstruction, ureteric reimplantation etc., LA
techniques are commonly used. Comparison with parenteral opioid techniques is limited, and
less good evidences exist with regard to the optimum analgesic regimen. Epidural LA, using
perioperative ropivacaine infusions, have shown good analgesic efficacy with low pain scores and
complication rates (42, 43). The addition of fentanyl or sufentanil to ropivacaine, and fentanyl
or butorphanol to bupivacaine did not show any difference in efficacy or pain scores between
these regimens (39, 42). Postoperative epidural ropivacaine infusions in comparison to regular
bolus tramadol or oxycodone plus paracetamol and NSAID did not show any difference in pain
scores up to 48 hours, but did increase rescue analgesia between 48 and 72 hours (43). Caudal
analgesia with LA plus clonidine or opioid has shown good efficacy in children undergoing uretric
reimplantation. No difference has been shown in efficacy or pain scores from adding clonidine,
morphine, or hydromorphone to caudal ropivacaine 0.2% plus epinephrine. Patients receiving
clonidine experienced fewer side effects [40]. A ‘Single-shot’ intraoperative paravertebral
block with levobupivacaine and paracetamol postoperatively, was associated with low pain

scores and low opioid use in the early postoperative period in patients undergoing major renal
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procedures (41). When talking about wound infiltration, a multimodal analgesic technique using
LA infiltration together with opioids, NSAID, and paracetamol was associated with low pain
scores in children undergoing pyeloplasty and ureteric reimplantation (44, 45).

To summarize the story, initiation of postoperative analgesia is the obligation of every
pediatric anesthetist. Liaising with patients and their families/tutors, surgeons, and other members
of the team they should provide postoperative care to ensure that pain is assessed and adequate
ongoing analgesia is administered. In order to provide safe, sufficiently potent, and flexible pain
relief with a low incidence of side effects, postoperative analgesia should be in accordance with

developmental age, surgical procedure, and clinical settings.
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ABSTRACT

Background: Transversus abdominis plane (TAP) block is a (new) regional anesthetic
technique that provides analgesia to the parietal peritoneum, as well as the skin and muscles of
the anterior abdominal wall, by introducing local anesthetic into the neuro-fascial plane between
the internal oblique and the transversus abdominis muscles. Pain after laparoscopic bilateral
inguinal hernia surgery can be moderate to severe and can result in prolonged hospital stay,
unanticipated hospital admission and delayed return to normal daily activities. We evaluated
the efficacy of TAP block in patients undergoing laparoscopic bilateral inguinal hernia repair in
a randomized controlled clinical trial.

Material and methods: Sixty patients undergoing laparoscopic bilateral inguinal hernia
repair were randomized to undergo standard care (n=30) or to undergo a bilateral TAP block with
bupivacaine (n=30). All patients received standard anesthetic, and after induction of anesthesia,
the TAP group received an ultrasound-guided bilateral TAP block. Each patient was assessed
after operation at 2, 6, 12 and 24 hours after surgery.

Results: Bilateral ultrasound-guided TAP block significantly reduced postoperative
visual analogue scale (VAS) pain scores at rest and on moving, reduced ketonal and tramadol
postoperative consumption and reduced incidence of PONV in the TAP block group after surgery
compared to control group.

Conclusion: Bilateral ultrasound-guided TAP block provides effective postoperative
analgesia during the 24 postoperative hours after laparoscopic bilateral inguinal hernia repair.

Keywords: inguinal hernia, laparoscopy, pain, TAP block, ultrasonography.
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Introduction

Transversus abdominis plane block (TAPB) is a (new) regional anesthetic technique which
provides analgesia to the parietal peritoneum, skin and muscles of the anterior abdominal wall
(1). It was first described in 2001 by Rafi as an analgesic technique for abdominal incisions by
using the technique of “loss of resistance” in the lumbar triangle of Petit (2). TAPB technique
is a regional anesthesia technique in which a local anesthetic is applied in the space between
m.obliquous internus and m.transversus abdominis. The pain of the anterior abdominal wall is
transmitted by the anterior branches of thoracolumbar nerves from Th7 to L1 (1). Ultrasound-
guided TAPB was first described in 2007 by Hebbard et al (3).

Inguinal hernia repair is one of the most commonly performed surgical procedures worldwide.
Open and laparoscopic herniorraphy are both used, but since the evolution of surgical tools
and new surgical skills in the 1990’s, laparoscopic procedure has become more prevalent. The
prevalence of laparoscopies is due to the advantage of fewer complications, decrease in hospital
length of stay, speed of recovery, fast return to activities of daily living and work (4). Generally
laparoscopic surgeries are known to be relatively less painful, but still require pain management.

Pain after laparoscopic inguinal hernia surgery can be moderate to severe, interfering with
return to normal activity. There are some opinions that the inadequate treatment of postoperative
pain can be a risk factor for persistent pain after surgery of inguinal hernia (5). Preoperative and
postoperative pain following an operation are mostly accompanied by the appearance of chronic
pain, and ranges from 0 to 54% of cases (6,7). The study of Nienhuijs et al. indicates that 11%
of patients suffer mostly from chronic pain after surgery of inguinal hernia with a mesh and

almost 1/3 of the patients have limitations in performing daily activities due to chronic pain (8).

Material and methods

In this prospective, randomized and controlled study were examined 60 male patients aged 20-
60 years, scheduled to laparoscopic bilateral inguinal hernia surgery and ASA classification 1-2.
Patients were excluded if there was a history of allergy to bupivacaine, ketonal and tramadol,
coagulopathy, infection at the needle insertion site and patients with ASA classification 3-5.
The study was performed at the University Clinic of TOARILUC - KARIL, Clinical Campus
“Mother Teresa” - Skopje, from March 2014 to December 2016. TAP block was performed by
one investigator and surgery was performed by one surgeon. Patients were divided into two
groups of 30 patients: one group to undergo USG-TAPB with 20ml 0.25% bupivacaine on both
sides (TAPB or N1 group) and the other group to receive standard care (control or N2 group).
All patients received a standard general anesthesia with standard monitoring. Anesthesia was
induced with midazolam 0.04mg/kg, fentanyl 0.002mg/kg, propofol 1-2mg/kg and rocuronium
0.6mg/kg. Anesthesia was maintained with oxygen, air and propofol 50-200microgr/kg/min.
Standard monitoring include continuous electrocardiography, noninvasive blood pressure every

5 minutes, pulse oxymetry, heart rate and capnometry. Additionally fentanyl 0.5-1microgr/kg
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was injected to control blood pressure and heart rate within 20% of baseline. During the study
prophylactic antiemetic were not given.

After induction of anesthesia, the patients from the first group had the TAP block performed
under ultrasound guidance on the both sides (right and left), using Siemens Acusion X300 system
(Siemens, Germany) ultrasound device and high-frequency (6-13MHz) linear transducer, covered
with sterile plastic sheath. The skin was prepared with 10% betadine solution. After draping
the needle insertion site, the probe was placed on the anterolateral abdominal wall between
the iliac crest and the subcostal margin. After identification of the neuro-fascial plane between
the internal oblique and the transversus abdominis muscle, a 22G x 4” 50mm needle mm (B.
Braun, Stimuplex, Germany) was advanced by the “in-plane” technique. When tip of the needle
reached the TAP between the internal oblique and transverses abdominis muscles, 1 ml 0of 0.25%
bupivacaine was injected into the patients of the TAPB (N1 group). After negative aspiration the
entire amount of the syringe was given with occasional aspiration. By giving local anesthetic on
the US-monitor was seen the spread of the local anesthetic in TAP space, as a dark oval-shaped
hypoechoic fluid pocked at TAP. The opposite side was performed in the same manner. End-tidal
carbon dioxide (CO,) was maintained at 30-35 mmHg. Carbon dioxide infusion pressure was
set at 12 mmHg, a mesh was placed and secured with a tacker.

After the operation, patients were transferred to the postanesthesia care unit (PACU) and
stayed there for 2 hours. There, the patients were monitored. If the VAS score was over 3, then
100 mg of ketonal was administered, whereas if the VAS score was over 6, then 100 mg tramadol
was administered. The presence and severity of pain and postoperative nausea and vomiting were
assessed by an investigator blinded to group allocation. These assessments were performed in
the recovery suite 2, 6, 12 and 24 hrs after operation. All the patients were asked to give scores
for their pain at rest and on moving, and for the nausea and vomiting at each time point. Pain
severity was measured using a visual analogue scale (VAS). Rescue antiemetic were offered to

any patient who had complained of nausea or vomiting.
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Fig.1: TAP block as seen via ultrasound: we can see the three muscle layers under ultrasound
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Local anesthetic

splitting transversus
abdominis plane

Fig.2: We can see the spreading of the local anesthetic into the TAP between MOI and MTA.

The primary outcome measure in this study was the VAS pain scores at rest and on moving 2,
6, 12 and 24 hours after the operation. The secondary outcome measure included the postoperative
opioid consumption. The third outcome measure included the incidence of postoperative nausea
and vomiting (PONV). All these outcomes were systematically assessed by a member of the

research team blinded to the group allocation.

Results

Sixty patients entered this study. Thirty patients were randomized to receive general anesthesia
and bilateral USG-TAPB with 20ml 0.25% bupivacaine (N1) and other thirty were randomized
to receive standard care (N2).

In Table 1 average values of VAS score are given in patients who received general anesthesia
with and without bilateral USG-TAPB, at rest 2, 6, 12 and 24 hours after the operation. In Table
2 mean values of VAS score are given in two examined groups on movement after 2, 6, 12 and
24 hours after the surgery. Analysis showed that VAS score is significantly higher in patients
who received only general anesthesia at rest and on movement, as well as after 2, 6, 12 and 24

hours after operation, versus patients who received general anesthesia + bilateral USG-TAPB.

Table 1: Mean values of VAS score in patients who received GA + bilateral TAPB and only GA at vest 2, 6, 12 and
24 hours after surgery.

S\IA1)+ BILATERAL USG-TAPB GENERAL ANESTHESIA (GA) (N2-CG)
TIME

AVERAGE |SD MIN  |MAX  |AVERAGE |SD MIN  |MAX
After2h 0,36 0,30 0 I 4,07 078 |3 5
After6h 0,67 0,57 0 2 3,50 077 |3 5
After12h |0,49 0.47 0 2 3,56 062 |3 5
After24h | 0,53 0,51 0 i 436 124 |3 6
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Table 2: Mean values of TAP block in patients who received GA + bilateral TAPB and only GA on movement 2, 6,
12 and 24 hours after surgery.

GENERAL ANESTHESIA (GA
TIME GA + BILATERAL USG-TAPB (N1) (N2-CG) (GA)
AVERAGE |SD MIN MAX AVERAGE | SD MIN MAX
After 2h |0,67 0,60 0 2 4,03 0,85 3 6
After 6h |0,61 1,67 0 2 4,06 1,11 3 6
After12h |0,81 0,96 0 3 4,17 1,02 3 6
After24h |0,60 0,72 0 2 5,03 0,76 4 6

There is a significant difference between two examined groups (Mann-Whitney U Test:
Z = -4,435 p = 0,00009) in the need for opioids postoperatively. The patients who received
general anesthesia had more need for opioids (66.67%) versus patients who received general
anesthesiatbilateral USG-TAPB (they had no need for opioids after surgery).

Table 3: Distribution of examiners of two examined groups according to the need of opioids postoperatively.

OPIOIDES GA+ BILATERAL USG- GA TOTAL
POSTOPERATIVELY TAPB (N1) (N2 - CG)

NO 30 (100,0%) 10 (33,33%) 40

YES 0 (0%) 20 (66,67%) 20
TOTAL 30 (100,0%) 30 (100,0%) 60

There is a significant difference between two examined groups (Mann-Whitney U Test: Z =
-3,418 p = 0,0063) compared to the nausea postoperatively. The patients who received general
anesthesia had significantly larger occurrence of nausea versus patients who received general
anesthesia+bilateral USG-TAPB. Nausea was registered only in one patient in GA-+bilateral
USG-TAPB group.

There is a significant difference between two examined groups (Mann-Whitney U Test: Z
=-3,226 p = 0,0012) compared to the vomiting postoperatively. Patients who received general
anesthesia were more significant outbreak of vomiting versus patients who received GA+bilateral
USG-TAPB. Vomiting was not registered in patients who received GA-+bilateral USG-TAPB.

VAS pain scores at rest and on moving were significantly lower in the TAPB group.
Postoperative ketonal and tramadol consumption was lower in patients who received bilateral
USG-TAPB.

Discussion
The use of ultrasound-guided sensory block of the anterior abdominal wall with local anesthesia
for postoperative pain relief is an attractive method because of its simplicity and safety. Effective

analgesia has shown to reduce postoperative stress response, reduce postoperative morbidity
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and accelerate recovery from surgery. Another benefit of effective regional analgesic technique
(TAPB) is reducing the intensity of pain, reduces incidence of side effects of analgesics and
patients feel comfortable. Pain that occurs after laparoscopic bilateral inguinal hernia repair
is quite underestimated, and its untimely and inadequate treatment often leads to prolonged
and chronic pain that limits daily activities. TAP block is a very promising technique and has a
major role in the management of postoperative pain as part of a multimodal analgesic strategy.
TAPB provides effective analgesia during the first 24 hours after surgery operation in the lower
abdomen or pelvis (1).

In our study we examined the effect of bilateral USG-TAPB performed under laparoscopic
bilateral inguinal hernia repair. We got a statistically significant reduction in the values of VAS
scale at rest and in moving in the TAPB group compared to the control group. In the TAPB group
(N1) patients had no need for opioids after surgery (0% of the patients), postoperative nausea
is minimized (only 1 patient had nausea or 3.33% of the patients) and none of the patients had
vomiting (0%) during the first 24 hours postoperative. In the control group (N2), 66.67% of
patients had needs for opioids in the postoperative period, 40% of them had nausea and 30% had
vomiting in the first 24 hours postoperatively. TAP block reduces the need for intravenous ketonal
and tramadol in the postoperative period. This reduction in the need for opioids is resulting in
reducing the number of side effects of opioids.

Arora et al., included 71 patients for unilateral/bilateral laparoscopic hernia repair and the
result was TAP block reduced postoperative pain up to 24 hours after laparoscopic hernia repair (9).

In the study by Kim et al., 40 patients were scheduled for a totally extraperitoneal (TEP)
hernia repair under general anesthesia with and without TAPB. The USG-TAPB in patients
that had undergone TEP reduced postoperative pain scores and the fentanyl requirement in the
recovery room. Also, pain scores on coughing were reduced until postoperative 8 hours (10).

Aveline et al., in their study included 273 patients for unilateral open inguinal hernia repair
with mesh. They reported that USG-TAPB controls pain on the day of surgery much better than
the blind ilioinguinal-iliohypogastric nerve block in open inguinal herniorraphy (11).

Barisin et al., described the display case of high risk cardiac patient, ASA 4 status, with severe
CAD and prior LAD PTCA, AVR, severe MR and TR 3+, hypertension, diabetes mellitus and
severe stenosis of both femoral arteries, to whom should be done unilateral inguinal hernia repair.
General anesthesia in such patient is highly risky. The patient received TAP block and a block of
n. ilioinguinalis and n.iliohypogastricus performed under ultrasound. As a local anesthetic was
used 25 ml 0.5% levobupivacaine. The operation was successfully performed, the patient was

pleased and happy and postoperative sensory block lasted for 18 hours (12).
Conclusion

TAPB is becoming quite popular because of its relative simplicity and efficiency. In this technique

there is a single bolus injection of local anesthetic into the TAP space that provides very effective
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postoperative analgesia in the first 24 hours. As a component of multimodal analgesia, the TAPB
reduces the needs for intravenous given opioids and subsequently reduces the opioid-related

side effects.
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AHAJITETCKHU E®EKT HA TRANSVERSUS ABDOMINIS
PLANE (TAP) bJIOK U3BEJIEH 110/l YITPA3BYK KAJ
JIAITAPOCKOIICKA OIIEPALIMJA HA OBOCTPAHA
NHI'BUHAJIHA KUJIA

AIICTPAKT

Bosen: Transversus abdominis plane (TAP) 61okoT e (HOBa) peruoHaIHa aHECTE3HOIOIIKA
TEXHHUKa KOjalTo obe30e/yBa aHaire3uja Ha MapueTaIHUOT IEPUTOHEYM, KaKo U Ha KoXKara U
MYCKYJIHUTE Ha MPEIHUOT a0IOMUHAJIEH SHJI CO alUTUIpahe Ha IOKAJIeH aHECTETHK BO MPOCTOPOT
nomery m.obliquous internus u m.transversus abdominis. bonkara mocne manapockorncka
orepaija Ha 000CcTpaHa MHTBUHATHA KHJIa MOKe J1a OMjie O CpeHa A0 jaka U MOXKe Jia JJOBee
710 IPOOJIKEH MPECTO) BO OOIHMIIA, HEMPEIBUICH OOTHUYKH IIPUEM U OJUIOKEHO Bpakame KOH
HOPMAJTHUTE CEKOjIHEBHU akTUBHOCTU. Hue ro crneneBme aHanreTckuoT edext Ha TAP Grmokot
Kaj AIMEHTH KOU Ce MPEBHUICHH 32 JIAapOCKOIICKa oTepaiiija Ha 000CTpaHa MHIBHHAIHA KUJIa
BO paHJIOMU3HPaHa KOHTPOJIUPaHA KIMHUYKA CTY/IH]a.

Marepujan u meroam: Illleecer mamueHTH Ko Oea MPEIBHUACHU 3a JIAMAPOCKOICKa
orepaiiyja Ha 000CTpaHa MHTBHHAIHA KWiia Oea paHJJOMU3UPAHU J1a TOOHjaT CTaHAapIu3upaHa
ommTa anecresuja (n=30) uiu na qoOujar ommTa aHecTe3nja u oboctpan TAP Grok u3BeneH o
ynTpasByk co bupivacaine (n=30). Cute nmareHT 1001ja cCTaHaapAu3UpHa OIIIITa aHEeCTe3H]a
W Tociie BoBel Bo aHecTesnja Ha TAP rpynara u 6erie arumnnmpan oboctpad TAP 6ok u3BeneH
nox yntpa3Byk. [locne xupypiikara HHTEpBEHIIH]a, CEKOj MaMeHT Oelie uciaeayBan Ha 2, 6, 12
1 24 yaca mocJe oneparyjara.

Pe3yararu: O6Goctpannor TAP 650k u3BeneH Mo yATPa3BYK 3HAYUTEITHO ja HaMalyBa
BU3yesHaTa aHanorHa ckana (VAS) 3a 0ojyika BO MOCTONEPATUBHUOT MEPUOJ IIPU MUPYBakbe U
BO JIBIKEHHE, ja HAMaJTyBa IMoTpedaTa 3a KeTOHAI U TPaMaJioil BO MOCTONEPAaTHBHUOT IEPUO U
ja HamallyBa TojaBaTa Ha TIOCTOIIEPATHUBHO TaJIekhe U MoBpakame kaj TAP 610k rpynara mocie
orepaiija Bo criopenda co KOHTpOJHATa TpyTia.

3akayuyok: O6octpanuor TAP 610k u3BeneH mox yaTpa3Byk o0e30enyBa eheKkTHBHA
MOCTOIICpAaTHBHA aHAJITE3H]ja BO MPBUTE 24 Yaca MocJie JIanapoCcKoIcKa onepaiyja Ha 000cTpaHa
WHTBHHAJIHA KWJIA.

Kayunu 360poBu: 60i1Ka, MHTBUHAIHA KWJa, Janapockonuja, TAP 610k, ynTpa3Byk.
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INFLUENCE OF CARDIAC RISK PREDICTORS ON
SURGERY OUTCOME IN ELDERLY WITH HIP FRACTURE
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Panovska Petrusheva A’

I Univeristy Clinic for Anesthesia, Reanimation and Intensive Care, Medical Faculty, ““Ss’ Cyril
and Methodius” University, Skopje, R. Macedonia

ABSTRACT

Introduction: Patients with hip fracture are usually older and stress of trauma and surgery
may increase cardiac morbidity and mortality.

The aim of this study was to compare the influence of cardiac risk factors on surgical outcome
in elderly patients with hip fracture.

Methods: 120 patients with hip fracture older than 70 years with previously defined high
or low per operative cardiac risk according to ACC/AHA guidelines were included and were
assigned to two groups of 60 patients: Risk group —patients with high cardiac risk; and NR (non
risk) group without or with low cardiac risk. Recipients from the both groups were pain relief
with intravenous analgesia: Niflam 2 x 100 mg/iv and Tramadol 50 mg/iv every 8 hours;

As an end point of the study were registered the incidence of cardiac events in both groups:
cardiac death, myocardial infarction, congestive heart failure, unstable angina and new-onset
atrial fibrillation. In all patients was determined pain intensity by using Verbal Descriptive Scale
as well as the side effects.

Results: Recipients with high cardiac risk has higher incidence of postoperative cardiac
events versus patients with low cardiac risk (Risk group 46.6% vs. 15% in NR group) and the
same result is with mortality rate (10% in Risk group vs. 0% in NR group). The values of VDS
were equal in recipients from both groups.

Conclusion: Patients with hip fracture are classified as a high risk patients according the
presents of high risk cardiac predictors, and have significantly higher incidence of postoperative
cardiac morbidity and mortality.

Key words: perioperative cardiac risk; elderly; hip fracture; ACC/AHA classification.
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Introduction

Hip fractures occur the most commonly in elderly individuals as a result of minimal trauma and
vertical falls (1). People of those age groups often suffer from chronic illness and they usually
use the huge number of medications (2, 3). After gaining a hip fracture as a result of fall of these
patients, complications such as acute respiratory infections are very often (4,5). In the early
1970s*, the reported causes of in-hospital death were bronchopneumonia (25-49%), pulmonary
embolism (12—-19%), and cardiac events (12—-16%). Later studies (5, 6) reported a decline in
death from bronchopneumonia, with cardiac events as the principal cause of death (35-63%) in
an unselected group of patients presenting with fractured femur. However, a large prevalence of
morbidity and mortality in elderly is expected, because this population which in huge number
suffers from coronary artery disease (CAD) rapidly is growing and by that so the number of
necessary surgical interventions is growing (7,8,9).

Hip fractures cause a significant pain in the preoperative and postoperative period, which
increases in an attempt to move the injured or operated leg (8,9,10). Trauma and pain induce
“a complex response to stress”, which is characterized by hormonal and inflammatory changes
that lead to immunosuppression (11,12,13). Appropriate assessment of cardiac risk of these
adult patients is very important for their perioperative treatment and assessment of their short-
term and long-term surgical outcome (14-17).

The aim of this study was to compare the influence of cardiac risk factors on surgical outcome

in elderly patients with hip fracture.

Material and Methods

This study was conducted as a prospective, controlled clinical study, at the University clinic for
Traumatology, Orthopedics, Anesthesia, Reanimation and Intensive Care and the Urgent Center in
Skopje, in the period from January 2015 to Mart 2016. The Clinical Research Ethics Committee
of the University Clinic for Traumatology, Orthopedics, Anesthesia, Reanimation and Intensive
Care and Urgent Center — Skopje and the Ethics Committee of the Faculty of Medicine — Skopje,
granted ethical approval. Informed consent was obtained from each patient.

Inclusion criteria for the study: the study included 120 patients older than 70 years and ASA
IIT and IV, surgically treated due extra capsular hip fracture (pertrochanteric, subtrochanteric or
basocervical femoral fracture — for a fixation with DHS or DCS plate or PFN);

Exclusion criteria for the study: contraindications for performing the spinal block (no
informed consent from the patient, history of coagulopathies, anticoagulant therapy <12h for
low molecular heparin and <6h for heparin, infection on the puncture site, neurological diseases,
high intracranial pressure and hipovolemia), malignancy; dementia / confusion; local anesthetic
allergy or allergy on tramadol or niflam.

Preoperatively, the following demographic characteristics were registered in all patients:

age, gender, body weight (kg), ASA status (classification according to the American Society of
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Anesthesiologists), duration of surgery, and diagnosis (fracture femoris pertrochanterica, fracture
femoris subtrochanterica fracture basocervicalis femoris).

After the admission on traumatology clinic, patients were classified in two groups: Risk group
- patients with previously diagnosed CAD (as indicated by previous myocardial infarction, typical
angina, atypical angina with positive stress test results or angiographic), or were at high risk for CAD
stratificated according to ACC/AHA - American College of Cardiology/American Heart Association
criteria and NR group (non risk patients) with low cardiac risk according to ACC/AHA criteria.

Risk predictors according to ACC/AHA - American College of Cardiology/American
Heart Association for per operative cardiac morbidity

A. Major predictors: unstable coronary syndromes (unstable or severe angina. recent MI),
decompensate HF, significant arrhythmias, severe valvular disease.

The presence of one or more of these conditions mandates intensive management and may
result in delay or cancellation of surgery unless the surgery is emergent.

B. Intermediate predictors: history of ischemic heart disease, history of compensated or prior
HEF, history of cerebrovascular disease, diabetes mellitus and renal insufficiency.

C. Minor predictors: advanced age (greater than 70 years), abnormal ECG (LV hypertrophy.
left bundle-branch block. ST-T abnormalities), rhythm other than sinus and uncontrolled systemic
hypertension.

Functional capacity. Estimated Energy Requirement for Various Activities is MET =
metabolic equivalent, which is measure for heart metabolic demand during different daily
activates, shown in Table 1.

Table 1. Functional capacity.

Self care?
Eating dressing, or using the toilet?
1 MET .
Walking indoors and around the house?
Walking one to two blocks on level ground at 2 to 3 mph?
Light housework (e.g., dusting, washing dishes)?
Climbing a flight of stairs or walking up a hill?
Walking on level ground at 4 mph?
4 METs Running a short distance?
Heavy housework (e.g., scrubbing floors, moving heavy furniture)?
Moderate recreational activities (e.g., golf, dancing, doubles tennis, throwing a baseball
or football)?
>10 METs Strenuous sports (e.g., swimming, singles tennis, football, basketball, skiing)?
MET - metabolic equivalent; mph = miles per hour

Persons with major predictors and 1- 3 MET-s have high postoperative cardiac risk while
these with minor predictors and MET > 4 have low postoperative cardiac risk (in our study they
are signed as non risk patients).
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Surgery-Specific Issues. In this study, were included elderly patients for fixation of hip fracture,
which is urgent, surgery intervention classified as an intermediate risk surgery with risk of 5%.

The surgery in all patients was performed up to 72 hours after the admission, under spinal
anesthesia, with 12 mg Bupivacaine 0,5% and Fentanyl 0.02 pg at the L2-L.3 or L3—-L4 interspace.
ECQG, heart rate, peripheral oxygen saturation, non-invasive pressure and urine production were
per operatively routinely monitored. All patients had pain relief by administrating 100 mg Niflam
iv/twice per day and Tramadol 50 mg iv/twice per day. If any of the patients felt moderate pain,
additional 100 mg Niflam was given.

On admission to the traumatology ward, a detailed history was obtained, a physical
examination was performed, and all cardiovascular medications were recorded.

1. In patients from the both groups all cardiovascular medications were recorded.

2. The degree of analgesia was monitored: 2, 12, 24 and 48 hours after the surgery, by using
Verbal Descriptive Scale (0 - without pain, 1 - moderate, 2 — moderate to severe, 3 —severe, and 4 -
unbearable pain). The degree of analgesia was assessed at rest and during passive flexion of the hip.

3. Study end points: The primary end point of the study combined cardiac death, myocardial
infarction (elevation of the troponin -T concentration, either new Q waves (duration > 0.03 s) or
persistent changes (4 days) in ST-T segment), unstable angina (defined as severe precordial chest
pain that lasted 30 minutes or more and was unresponsive to standard therapeutic maneuvers,
associated with ST-segment or T-wave changes without the development of Q waves or cardiac
enzyme abnormalities), congestive heart failure (CHF) (defined by clinical - shortness of
breath, rales, jugular venous distention, peripheral edema, third heart sound and radiologic -
cardiomegaly, interstitial edema, alveolar edema, signs that required a change in medication
involving at least treatment with diuretic drug) and new-onset atrial fibrillation in the post
operative period (required 12-lead electrocardiographic confirmation). Cardiac death was defined
as death due to myocardial infarct, CHF, or arrhythmia.

Statistical Analyses. Into series with numeric values and homogeneous distribution, the
descriptive parameters were assessed, i.e. measures of central tendency (average, standard deviation,
minimum and maximum values of the analyzed parameters). Into series with attribute marks, the
structural percentages were calculated (relations, proportions). For determination of significant
differences, the independent sample tests were utilized, depending on data distribution (Chi-
square test, Yates corrected Chi-square test, Fisher exact test, Kolmogorov-Smirnov test, t-test for
independent samples, Mann-Whitney U test and the difference between two proportions). Statistically
significant and meaningful were values of p <0. 05, and highly significant values of p <0.01.

Results
Basic demographic characteristics of patients are shown in Table 2.
Female respondents dominated in both groups, but distribution differences between the

both analyzed groups didn’t show statistical significant difference. There were no significant

Number 1. April, 2017 | 71 |



Influence of cardiac risk predictions on surgery outcome in elderly with hip fracture

differences in distribution of all other demographic characteristics between patients in both
groups. Both analyzed groups were homogenous considering all demographic characteristics.
In Table 3 it is shown the distribution of the patients who were treated and those who were

not treated with cardiologic medications.

Table 2. Demographic characteristics.

SA EDC p level
Gender male/female 20/10 2575 >0.05
Age (years) 77.63+6.4 80.23+5.2 >0.05
Body weight (kg) 67.97 + 8.6 68 +9.1 >0.05
ASA status II1. IV 20/10 21/9 >0.05
Type of fracture
pertr/subtr/basocerv 250213 23/473 =005
Duration of surgery (min) 111.5+11.1 105.67 £ 8.4 >0.05

Table 3. Distribution of the patients according the cardiologic therapy usage

Cardiac therapy Risk NR

with therapy 42 (70 %) 41 (68,3 %)
without therapy 18 (30 %) 19 (31,6 %)
p >0.05

There was no difference in distribution of the both groups, and the results show that 70% of
the patients from the both groups received therapy, while, only 30% of both groups were untreated.
Figure 1 and figure 2 show the results of analgesia according to Verbal descriptive scale at

rest and during passive hip flexion.

100% I
w LR ni

40% T

B ynbearable pain
Bsevere
Umuderalc lo severe

20%

0,
0% Bmoderate

2hRisk ZhNR  12h 12h 24h  24hNR  48h  48h NR 0w ’
Risk NR Risk Risk without pain

Figure 1. Verbal descriptive scale during the rest — comparison of the groups

2h U=280 7=-0,9 p=0,5
12h U=308 Z=0,0 p=1,0
24h U=240 =12 p=0,3

48h U=300 Z=-0,02 p=0,9
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Figure 2. Verbal descriptive scale during passive hip flexion — comparison of the groups

2h

12h
24h
48h

U=300  7=0,02  p=0,9
U=312  Z=0,0 p=1,0
U=270  7=-8 p=0,4
U=250  Zz=1,1  p=02

There was no difference in distribution of the patients in the both groups, and they all had

the same level of pain relief.

In Table 4 are shown cardiac complications, their comparison between the groups and their

statistical analyses.

Table 4. Cardiac complications

Cardiac complications Risk NR

Cardiac death 6 (10%) 0

Total cardiac death 6 (5%)

Mpyocardial infarction 4 (6.67%) 2 (3.33%)
Congestive heart failure 10 (15%) 4 (6.67%)
Unstable angina 6 (10%) 0

New-onset atrial fibrillation 8 (12%) 4 (6.67%)

Total complications 28 (46.6%) 10 (15%)
Statistical analyses Risk vs. NR Chi-square 10.3 df=1 p=0.001** p<0.01
Total complications (for both groups) |38 (31.6%)

Discussion

The major finding of this study was that the incidence of postoperative cardiac complications

and mortality were higher in high-risk patients with fractured hip versus those with low risk. The

combined incidence of these cardiac events was 31.6% (38 from 120 patients) in both groups,

actually 28 patients with cardiac complications were from high-risk group versus 10 patients with

cardiac complications from non-risk group. In our study, in all examined patients, the surgery was

performed in first 72 hours after the admission, under the same, spinal anesthesia and all of them
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received general intravenous analgesics as a postoperative pain relief method. In this study, we
examined only the influence of different cardiac predictors on surgery outcome, incidence of cardiac
complications and mortality. The results of postoperative cardiac morbidity in this study is similar
to the results of Matot et al.'> and Auerbach et al.'*, who examined incidence of cardiac events in
hip fracture patients who were pain relief by using general or continuous epidural analgesia. In both
studies, the authors come to the conclusion that the incidence of cardiac complications was higher
in patients with general versus continuous epidural analgesia (32.3% with general analgesia group
versus 5.8% patients in group with continuous epidural analgesia). Per operative cardiac risk in
this study was determined by using cardiac predictors according to ACC/AHA criteria (7). Matot
etal. also conduct their study on the selected group of patients with high cardiac risk, respectively
respondents had either known CAD (as indicated by previous myocardial infarction, typical angina,
atypical angina with positive stress test results, or angiographic or scintigraphic evidence of CAD),
or were at high risk for CAD (the patient had at least two of the following cardiac risk factors: age
> 65, hypertension, current smoking and diabetes mellitus). Incidence of postoperative cardiac
events in group of patients with general analgesia is similar with our results.

From the other side, Scheinin et al.” demonstrated that per operative analgesic management
with continuous epidural analgesia, started preoperatively, reduced the amount of myocardial
ischemia in elderly patients with hip fractures. In contrast to our study, however, an unselected
group of patients was included in that study and the study end point did not include clinically
relevant adverse cardiac events, such as CHF or unstable angina and dysrhythmias. The results
from these previous studies® '* ' may not be relevant to the present study, because in these
three studies, the respondents were divided in two groups with two different types of analgesia
(intravenous and continuous epidural). However, these results show that effective analgesia
affects the postoperative cardiac morbidity, probable, because it decreases stress reaction.

In our study, incidence of mortality as a result of cardiac complications was 5% in all 120
examined patients, but all six patients who died were only from high risk group, so mortality
rate actually was 10%. However, this event rate is consistent with earlier studies that reported
in-hospital mortality rates ranging from 1.4% to 12% in unselected groups of patients with hip
fractures (2-6). In the early 1970s, Riske et al.* as most frequent reported causes of in-hospital
death were bronchopneumonia (25-49%), pulmonary embolism (12—19%), and cardiac events
(12-16%). Roche et al.” in their prospective cohort study, conducted over the nonselective group
of patients with hip fracture, as a main reason for in-hospital death, reported: bronchopneumonia
(46%), cardiac events (23%) and pulmonary embolism (14%). These authors noted that death from
cardiac origin occurred early after fracture, peaking at 2 days after injury. Muhm et al.® in their
study from 2013 reported a decline in death from bronchopneumonia, with cardiac events as the
principal cause of death (35-63%) in an unselected group of patients presenting with fractured
femur. Our results in the high-risk patients are therefore consistent with these observations in

an unselected group of patients presenting with hip fracture.
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Hip fracture surgery is emergency surgery and in our study it was performed up to 72
hours after the admission of the patients. Emergency surgery has been reported to correlate
independently with development of life-threatening or fatal cardiac complications, according
to ACC/AHA guidelines (7). Moreover, approximately half of the patients presenting with a
hip fracture are older than 80 years (1), have a history of cardiovascular disease, and have ASA
physical status III-V. These elderly patients might therefore have an especially poor tolerance
for the complications that are likely to occur during the stressful period of an emergency
hospitalization (13). Juelsgaard et al.!” conducted a prospective study of cardiac mortality in
patients with hip fracture, who had CAD. In these study, two patients (5%) who suffered from
cardiac failure and myocardial infarction died. In our study, 31.6% from the patients had adverse
cardiac outcomes during their in-hospital stay, and 5% from these patients died. It is expected
that morbidity and mortality will increase because of the rapid aging of the surgical population
and greater prevalence of more advanced CAD (7).

Arinzon et al.'’, Beattie et al.'® and Juelsgaard et al.'’, in their studies, analyzed the
postoperative cardiac morbidity and mortality depending time of the operation after the admission
and they have demonstrated a clear advantage in early surgery. Nevertheless, the current
recommendation is that the patients’ age and their comorbidities are the greatest risk factors,
which influence the short-term and long-term outcome. Current recommendations are that it
should be given enough time for studying and preparing patients with comorbidities (10,11).

In all recipients in our research was recorded cardiologic therapy which was received before
the injury and they continued with the same medication in the whole peri-operative period, unless
necessary to be changed. In the both groups 70% of the patients were treated with cardiologic
medications, while 30% of them, in the both groups did not have cardiologic therapy, although,
according the clinical examinations, these patients had cardiologic comorbidities. In these
patients, according the standard examinations (hematological analyses, ECG and chest x-ray),
if there was need, new cardiologic therapy was admitted and the cardiologist was consulted.
If there was need, also, additional diagnostic examinations were conducted, especially heart
ultrasound. Most frequent recommendation from the cardiologist for these high-risk patients
was “to continue with already recommended therapy” and “there is no contraindication for
surgical treatment. Our approach to these adult patients with high and even low cardiac risk
is in full compliance to the recommendations in the studies of Guryel et al.!® and Katsanos
et al."!, who during the evaluation of the patients at high cardiac risk for non cardiac surgery
recommended the inclusion of appropriate anti-edematous and cardiology therapy, depending on
type of heart disease, while, from diagnostic methods, as well as in our study, they recommend
echocardiography. Within the ACC/AHA recommendations for perioperative preparation of
cardiac patients for non-cardiac surgery from 2007 (7), the results of cardiology consultations
were investigated, which were again, conducted in order to set up common surgical, anesthetic

and cardiac consent and recommendation for treatment of 55 patients older than 50 years. The
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most common recommendations of 40% of cardiology consultations were “to proceed with the
case”, “no contraindication for surgery” and “to continue with existing drug therapy.” Review
of 146 medical consultations suggests that the most of these consultations do not give specific
recommendations for patients’ treatment. Only 5 (3.4%) of consultations identified new findings,
while 62 (42.5%) do not contain any recommendation.

Our random election program did not fully succeed in creating two comparable groups,
because in both groups there were significantly higher proportion of women than men and this
is one additional limitation of our study. Gender difference is interpreted with the knowledge
that hip fractures are more common in women due to frequent osteoporosis, the main risk factor
for these fractures, as defined in the study by Parker and Johansen (1).

The present study shows that the overall incidence of preoperative adverse cardiac events
was higher in high-risk group of patients. Despite the statistical significance of these findings,
we believe that care should be taken in interpreting the difference in morbidity and mortality
between the two groups. This is particularly important because the number of the observed

complications was few and the study groups were relatively small.

Conclusion

Patients with hip fracture classified as a high risk patients according the presented of high risk
cardiac predictors, have significantly higher incidence of postoperative cardiac morbidity and
mortality. The purpose of preoperative evaluation and stratification of the patients is important to
perform an evaluation of the patient’s current medical status; make recommendations concerning
the evaluation, management, and risk of cardiac problems over the entire perioperative period,
and provide a clinical risk profile that the patient, anesthesiologist, and surgeon can use in making
treatment decisions that may influence short- and long-term cardiac outcomes.

Conflict of interests. Not declared.
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BJIMJAHUE HA NPEIUKTOPHUTE 3A KAPAUJAJIEH PU3UK
BP3 XUPYPHIKNOT UCXO/1 KAJ IOCTAPU NAIIMEHTHU
CO CKPLIEHHIIA HA KOJIK

AIICTPAKT

Bogen. [lannenTuTe €O CKpIIECHHIIA HA KOJIK. CE HAJUECTO MMOCTAPH MAIMEHTH, U Ka] HUB,
CTPECOT Off TpayMara M oIepalyjara, MoXe BO rojieMa Mepa Jia ja 3rojieMd UHIIMIeHIjaTa Ha
MOCTONEPATUBHUOT KapAnjajeH MOPOUTUTET U MOPTAIUTET.

Lles Ha TPyAOT e /1a ce criopein KaKBO € BIIMJaHUETO Ha IPEAUKTOPUTE 3a Kap/AUjaJieH pU3HK
BP3 UCXOJOT OJ] XUPYPILKATa HHTEPBEHIMja Kaj IOCTAPHU MAIMEHTU CO CKPIICHUIIA Ha KOJIK.

Marepujan u metoau. Bo oBaa ctynuja 6ea ondparenu 120 mamueHTH co CKpIIeHUIIA Ha KOJIK
Ha Bo3pacT HaJ 70 TOMUHM CO MPETXOAHO YTBPJICH BUCOK HJIH HU30K TIEPUOTIEPATUBEH Kap/IHjaJieH
pusuk criopen ACC/AHA npenopakute u 6ea nogesieHu Bo 2 rpymnu oa 60 manueHTy 3aBUCHO
Ol THUTIOT Ha KapAHjaTHHOT PU3HK: PUCK rpyra — MareHTH KOU Ce CO BUCOK Kap/IujalieH PH3HK;
n HP rpymna — nanuienTu 6e3 WM co HU30K Kap/ujaieH pu3uk. VicnuTaHuure of 1BeTe rpynu
0ea 00e300TyBaHN CO MHTPAaBEeHCKA aHanTe3uja, u Toa: Niflam 2 x 100 mg/iv u Tramadol 50 mg/
iv Ha cexou 8 yaca. Kpajuu Touku Ha crynujara Oea MHIIUACHIMjaTa Ha CPLEBH KOMILTUKAIIUN
Kaj JIBETE TPYIU: MHIUACHTHA CpIeBa CMPT, MH(APKT HA MHOKAPAOT, KOHT€CTHBHA CpIEBA
cnabocT, HecTabWiIHAa aHTMHA M HOBOHAcTaHara arpujaiHa ¢ubpunanuja. Kaj cure nmanuentu
ce olpeyBallle CTeNeHOT Ha aHaire3nja co Bepbannara Jleckpuntusna Ckana.

Pe3yararu. VcnuraHnuiure co BUCOK Kap/AnjajeH pU3MK UMaaT MOBUCOKA MHIM/ICHIIN]A HA
CpLI€BU KOMIUTMKALIMU HACIIPOTH UCITUTAHULIUTE CO HU30K pu3HK (Puck rpyna 46.6% Hacnpotu
15% Bo HP rpynara), a BoenHo u HamasneHa cranka Ha moptanutet (10% Bo Puck rpynara
Hacnporu 0% Bo HP rpynara). Bpennocture Ha BJIC ckanara 6ea eqHaKBY Kaj MCIIMTAHULIUTE
OJ] IBE€TE TPYIIH.

3akuayuok. [TanmeHTH co cKplIeHnIa Ha KOJIK, KJIacu(UIMpaHU KaKo MallueHTH CO BUCOK
KapJujajgeH pU3UK, BP3 OCHOBA HAa MPUCYCTBO HA MPEIUKTOPH HAa BUCOK KapAHjalieH pU3HK,
UMaar CUTHU(UKAHTHO IIOBUCOKA MHUUACHIMja Ha MOCTONEPAaTUBEH Kap/injaleH MOpOUIUTET
U MOPTaJIMUTET.

Kayunu 360poBu: ACC/AHA xiacudukanuja, KapaujajeH MeprHoNepaTuBeH PU3HK,

MOoCTapy NalueHTH, GpakTypa Ha KOJIK.
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ABSTRACT

Introduction: Early graft function is very important and can be achieved with adequate
intraopeartive perfusion characteristics of the graft and urine output. The goal of this study was
to examine the influence of targeting central venous pressure (CVP) on early graft function.

Material and methods: After approval of Ethical committee of the Medical Faculty-Skopje,
we obtained inform consent of 60 patients, ASA 2-3 undergoing renal transplantation of living-
related person in the Clinic of Urology — Skopje. A prospective clinical study was performed in
the period of 2 years. Patients were divided into 2 groups of thirty patients : group A receiving
normal saline intraoperatively targeting for CVP to 15 mmHg until vascular clamps were off
and group B receiving normal saline 10ml/kg/h.

We recorded lactate at the end of the surgery, onset of diuresis and total urine output from
unclamping the renal vessels to the end of the surgery in both groups and postoperative serum
creatinine in 3times (3, 12, 36 hours).

Results: The onset of diuresis in seconds was insignificantly longer in group B p>0,05
(p=0,31). The average value of postoperative levels of the lactate showed that in group B the
levels of the lactate were significantly higher for Z=-5,79 and p<0,001 (p=0,000). We didn’t find
any statistical differences in postoperative serum creatinine in both groups.

Conclusion: Our study didn’t show any benefit from targeting CVP to 15 mmHg. We couldn’t
find any significant difference on onset of diuresis and urine output after the unclamping the
vessels. However, in the constant infusion group (group B) the level of the lactate was higher
CVP. In postoperative biochemical parameters we had no statistical difference between the
average values of serum cratinine.

Key words: onset of diuresis, serum creatinine, kidney transplantation.
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Anesthesia, Intensive Care and Emergency Center, Skopje,

E-mail: majamojsova777@gmail.com

| 79 ]



Postoperative serum creatinine level in two different hydration regimes in living donor kidney transplantation

Introduction
For patients with end-stage renal disease (ESRD), transplantation provides better survival and
quality of life than dialysis (1-5).

For transplantation, respectfully, early graft malfunction has been associated with decreased
graft survival and increased complications. A specific task for the anesthesiologist is to maintain
and optimize the volume status and the hemodynamic status of the patient before the kidney
reperfusion and thereby to provide better graft functioning (6-9).

Central venous cannulation and monitoring is still recommended for all patients who
are undergoing transplantation, because this is considered to be an adequate monitoring for
intravascular volume status. A lot of studies have examined specific values of perioperative
central venous pressure (CVP) that are correlated to reduced risk of postoperative graft
failure (7-10). On the other hand, patients with end stage renal disease (ESRD) have a
narrow margin of safety with intravenous hydration and may oscillate between hypo and
hypervolemia.

Intra-operative volume expansion is associated with increased renal blood flow and immediate
improvement of graft function (12.13). This immediate improved function is associated with
increased graft survival and lower patient mortality (13-16). Central venous pressure should be
usually maintained in the range from 10 to 15 mm Hg. Better graft functioning (due to better
volume input) leads to early diuresis and sometimes to reduced usage of diuretics.

Diuretics (furosemide), osmoticagents (mannitol), and sometimes dopamineagonists
(dopamine, fenoldopam) are administered to promote diuresis immediately after reperfusion,
but only mannitol, when combined with volume expansion, has been shown to decrease the
incidence of acute tubular necrosis after transplantation (15). Hypotension results in decreased
graft perfusion, therefore maintaining an adequate intravascular volume and careful titration of
medications are important targets for every patient.

To our knowledge, no published studies have validated the correlation between time course of
the volume expansion and the period of renal ischemia and beside the recommendation for CVP
values. Controversies for the exact recommended value of the CVP are still popular. However,
the clearance of the creatinine is still considered to be the most important measurement for

evaluation of recovery of the graft in new environment.

Methods

After approval of Ethical committee of the Medical Faculty-Skopje, we obtained inform consent
of 60 patients, undergoing renal transplantation of living-related person in the Clinic of Urology
— Skopje. A prospective clinical study was performed in the period of 2 years. Patients were
divided into two groups: group A (n=30), receiving normal saline to intraoperatively targeting

for CVP 15 mmHg until vascular clamps were off, and group B (n=30) receiving normal saline
10ml/kg/h.
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The exclusion criteria were: severe left ventricular impairment, cardiomiopathy with ejection
fraction bellow 50%, problem with coagulation, excessive bleeding during the operation, resistant
graft arterial spasm or any other surgical difficulty.

All transplantations in this study were performed by the same surgical team. All patients
underwent full medical and surgical history, and routine laboratory investigations (i.e., blood
Hb, plasma proteins, coagulation status, serumel ectrolytes, blood glucose, lactate, arterial blood
gases, chest radiograph and echocardiography). All patients underwent preoperative hemodialysis,
24 hours before the renal transplant surgery.

All patients underwent standard anesthesia protocol: standard monitoring, ECG in 5 leads,
noninvasive blood pressure and pulse oximetry before the induction were recorded. Before the
induction to anesthesia, epidural catheter was inserted (on level L2-L3 or L3-L4 and it was
given a test dose of bupivacain of 10 mg). The epidural catheter was not used until the end of
surgery in order to avoid any interference with intraoperative hemodynamics. At the end of the
intervention all patients received epiduraly100mcg fentanyl and 20mg of bupivacain in volume
to10ml. Induction anesthesia protocol was with remifentanyl in dose 0,5mcg/kg and propofol
2mg/kg and the intubation was facilitated with dose of atrcurium 0,5mg/kg. Anesthesia was
maintained with remifentanyl of 0,25mcg/kg and propofol 0.5-1mg/kg depending on the depth
of anesthesia which was recorded with entropy electrodes. Patients were ventilated with mixed
oxygen/air 50-50% with tidal volume of 7-9ml/kg and end-tidal CO2 between 35-40mmHg
(Datex-Ohmeda Avance S-5). After the induction, the central venous catheter aseptically was
placed in the internal jugular vein and pressure was transdused and recorded. For measuring
invasive arterial pressure an arterial catheter was placed in a. radialis and it was recorded.

Levels for total urine output (ml) and the level of plasma creatinine (mmol/L) were analyzed

postoperatively in 3 times — on the 3%, 12 and 36™ hour after the surgery.

Results

The most of the patients underwent for hemodialysis 24 hours before surgery, except 4 patients in
group A (in whom hemodialysis was not required) and 2 patients in group B. Preoperative blood
Hb and serum creatinine were similar in both groups. Average Hb in group A was 116.73+19.07
and for group B was 112.93+£17.19. Average creatinine for group A was 632.63+187.00 and for
group B 556.52+164.14.

Table 1. Demographic and operative data of both groups

Group A (n=30) Group B (n=30)
Age (years) 37.87+9.32 41.47+10.25
Sex F/M 15/15 17/13
Body weight kg 74.17+10.92 70.83+11.83
Duration of surgery (min) 236.67+40.33 250.83+61.65
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Cold ischemia (min) 210.10+33.98 221.43+35.62
Warm ischemia (sec) 170.30+£39.34 184.20+38.13
Months on hemodialysis 12.17£13.32 17.95+31.71
Comorbidites

None 11 16
Hypertension 16 11
Hypertension and diabetes melitus |3 3

Values are expressed in mean+sd; group A is CVP 15 target group, group B constant infusion

group.

The onset of diuresis and urine output at the end of the surgery showed no statistical

differences between the groups, but in 5 patients in control group we didn’t achieve urine output

at the end of the surgery. (Table 2)

Table 2. The onset of dieresis and urine output at the end of the surgery

Parameter RankSum | RankSum U 7 Jevel Valid N Valid N
Gr.A GrB p-iev Gr.A GrB

Urine output 82950  |71050  |364.50  |-0.18 0.86 30 25

&‘z;t of diuresis 780.00 760.00 315.00 -1.01 031 30 25

The average value of postoperative levels of the lactate (mmol/L) showed that in group B,

the level of the lactate was significantly higher for Z=-5.79 and p<0.001 (p=0.000). (Table 3)

Table 3. Lactate at the end of the surgery

Parameter RankSum |RankSum U 7 Jevel Valid N Valid N
Gr.A Gr.B p-iev Gr. A Gr.B
Lactate 523.50 1306.50 58.50 -5.79 0.000 30 30

The creatinine levels in serum (mmol/L) in postoperative period for both groups in 3, 12

and 36 hours are shown in the Table 4. Between average values of serum creatinin in relation

between 3, 12 and 36 hours for p>0.05, we didn’t find any statistical differences.

Table 4. Serum cretinin (mmol/L) in 3, 12 and 36 hours after the surgery

T |Group |RI {1} {2} 13} {4} {5} [6}
1. |A Creatinin/3h 0.000  |0.000  |0.97 0.009  |0.000
2. |A Creatinin /12h |0.000 0.000  [0.008  |0.99 0.004
3. |A Creatin /36h  [0.000  |0.000 0.000  ]0.000  0.77
4. |B Creatinin/3h  [0.97 0.008  |0.000 0.000  |0.000
5 |B Creatinin /12h [0.009  |0.99 0.0009  {0.000 0.000
6. |B Creatin /36h  [0.000  |0.004  |0.77 0.000  |0.000
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Discussion

Many studies suggest that during kidney transplantation the systolic and diastolic should be
higher than 120/85mmHg. They also suggest that the MAP should be higher than 95mmHg and
CVP above 10 mmHg (10-16). These values are favorable to ensure maximal filling pressure
of the graft and its fast recovery. Intraoperative volume expansion is associated with increased
renal blood flow and better immediate graft function (15,16). Early graft malfunction has been
associated with decreased graft survival and increased recipient complication (12). Carlier at
al. showed that maximal hydration during anesthesia up to 100ml/kg and 30ml/kg/h and CVP
10-17 were associated with improved early graft function (8).

Many of the clinical trials showed that regimen targeting CVP before cross-clamp of the
donor’s kidney provides more favorable outcome (10,15,17). They showed that high hydration
regime provides more turgid graft and faster onset of diuresis. Prolonged arterial hypotension
can lead to graft hypo perfusion and after that to prolonged time for graft recovery and delay
graft function (17-19). In both groups we didn’t had any episode of hypotension and there was
no need for vasopresors. The time of surgery, cold ischemia and warm ischemia were similar
in both groups.

Our study didn’t show any benefit from targeting CVP to 15 mmHg. We couldn’t find any
significant difference on onset of diuresis and urine output after the unclamping the vessels.
However, in the constant infusion group (group B) and the level of the lactate was higher but
this doesn’t have any clinical implication because the level of serum lactate in both groups
was in normal range. In 5 patients in the control group we didn’t achieved a urine output at the
end of the surgery. Decreased values of serum creatinine in the postoperative period are good
sign of fast recovery of the graft (10,15-19). In our study 36 hours after the transplantation, 9
patients in group A had normal values of serum cratinine and 6 patients in group B. The average
values of serum cratinine for time of 36 hours after the surgery in group A was 220.64+158.10
and 238.68+131.50 for group B. In postoperative biochemical parameters we had no statistical

difference between the average values of serum cratinine.

Conclusion
This study shows that there isn’t any statistical difference between the groups, but however in
group B we had 5 patients with no diuresis at the end of the surgery. In the control group we had
statistically higher values of serum lactate, but still they were in normal range. Our study didn’t
show any benefit of targeting CVP.

This study has limitations. We only evaluated onset of the diuresis and have not considered
whether there are long—term benefits. There is need for larger study to confirm if there is true
benefit (improved long-term outcomes).

In creation of this study we didn’t have any conflict of interest.
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IHOCTOHEAPTUBHO HUBO HA KPEATUHHUHOT
BO IIVIAZMA I1PU /IBA PA3JIMYHU BU1OBU

HA XUAPAIIUCKU PEXKUMU KAJ BYBPEKHA
TPAHCIIVIAHTAIIUJA O )KUB CPOJIEH JOHOP

AIICTPAKT

BoBen: panara ¢yHkiuja Ha rpa)TOT € MHOTY Ba)KHa U CE€ IMOCTUTHYBA CO COOJIBETHH
WHTPAOTNEPATUBHU KapaKTePUCTHKHU Ha Mpedy3ujaTa Ha OpTaHUTE, a CO Toa U A0Opa Auypesa
Ha KpajoT OJf MHTEPBEHIIMjaTa. Yorara Ha KOPUCTEHE Ha 1IeJICH MHTPAOIIePaTUBEH IIEHTPaleH
BeHcku nputucok (CVP) Bp3a panara gpyHkiuja Ha rpadTot Oerle 1es1 Ha oBaa CTyauja.

MarpujaJ u MmeToau: 1o o6e30e/1eHaTa COracHOCT O/l €TUYKaTa KOMHUCH]ja Ha MeANIIMHCKHOT
®axkynrer Bo Ckomje nobume cormacHocT of 60 manuentu ACA 2-3 xou Oea 3akaxaHU HA
Knunukara 3a yponoruja 3a 6yOpeskHa TpaHCIUIaHTallMja Of1 KUB cpoaeH 1oHop. [IpocnekTuBHaTa
KIIMHUYKA CTyAuja Oelle n3BeneHa Bo nepuox ox 2 rogunu. [lanuenTture 6ea mopeneHu BO ABE
rpynu ox o 30 manueHTH: rpyna A MalyeHTH Kaj Kou Oerle aqMUHUCTpUpaH (PU3NOIOMIKH
pactBop 10 mocturHyBame Ha 1iened CVP ox 15 mmHg mo xpajor Ha aHCTOMO3UTE | rpyIma
b xane manuenture mobuBaa GuU3MOIOMKU pacTBOp co Op3una ox 10ml/kg/h. [Tapamerpu kou
Oea cieIeHr BO TIOCTONIEPATHBHUOT NEpHOJL: IakTatu (mmol/L), modeTok Ha myupesa u3pazeHa
BO CEKYH/IM, BKyITHaTa KOJIMYMHA Ha YpUHA Ha KPajoT O]l HHTEPBEHIMjaTa U OCTONEPaTUBHOTO
HHBO Ha KPEaTUHUHOT BO IJIa3Mata BO 3 BpeMuma (3, 12, 36 gyaca) mo HHTEpBEHITHjaTa.

Pe3ysraTu: moueTokoT Ha AUype3a u3pa3eHo Bo ceKyH i 3a p > 0,05(p=0,31) 6eme momonro
BO HCTIMTYBaHAaTa rPyma, HO CTATUCTHYKH He3HadajHO. CpeaHaTa BpeJHOCT Ha TIOCTOTIEPATHBHUTE
JakTaTH 3a rpymnara b 6eme curnugukanTHo nosucoka 3a Z=-5,79 u p<0,001(p=0,000). He
HAajI0BME CTAaTUCTHYKHU 3HaYajHA pa3jIfKa BO HUBOTO Ha KPEATHHHH BO TPUTE BPEMUIbA TIOMETY
JIBETE TPYIIH.

3akuay4dok: Hamara ctyauja He mokaxa Kopuct of 1enHo HacoueH CVP Bo ogHoc Ha
KOHTHHYHMpPaHaTa aJMUHUCTPAIFja Ha TCYHOCTH BO HHTPAOIIEPATUBHUOT NIEPHO. Kaj OyOpekHa
TapaHCIUIaHTaNMja oJ] )KUB AoHOp. HUBOTO Ha nmakTaru Oeme CUrHU(UKAHTHO TTOBUCOKO BO
KOHTpPOJIHATA TpyIa, HO 0€3 KIMHUYKO 3HaueH-e mopaan (pakToT JeKa BO JBETE TPYIU HUBOTO
Ha JIaKTaTy Oerie Bo pe)epeHTHN BPEAHOCTH.

Kayunu 300poBu: OyOpexxHa TpaHCIUIAHTIM]jA, KPEaTHHUH, TIOYETOK Ha JHype3a.
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COMBINED SPINAL-EPIDURAL ANESTHESIA FOR
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ABSTRACT

Introduction: All patients with chronic obstructive pulmonary disease (COPD) are with
increased risk for intra and postoperative complications during abdominal surgery. In our study
we present another approach in anesthetic management in these highly risk patients.

Methods: We analyzed 20 patients, ASA III, scheduled for elective abdominal hysterectomy.
After appropriate preoperative preparation in every patient epidural catheter was placed on Th , -
L, or L -L, level, while spinal punction with standard spinal anesthesia was performed on lower
levels. We evaluate basic hemodynamic parameters, patients’ satisfaction and postoperative
pulmonary complications.

Results: All hemodynamic parameters showed decrease in the first 30 minutes and then
constant flow until the end of surgery. 4 patients developed postoperative pulmonary infection,
and ended well. All patients were very satisfied with anesthesia procedure.

Conclusion: Combined spinal-epidural anesthesia provides good hemodynamic stability,
large patients’ satisfaction with fewer postoperative pulmonary complications in patients with
COPD. Encouraging this anesthesia technique might increase the safety margin of surgery in
patients with severe pulmonary diseases.

Key words: COPD, abdominal hysterectomy, postoperative pulmonary complications.

Coresponding author: Dafina Karadzova, University Clinic for Gynecology and Obstetrics,
Skopje, Macedonia, E-mail: dafinakaradzova@yahoo.com
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Introduction

Anesthesiologists are more and more facing with high risk patients with many morbidities admitted
for elective surgery. Chronic pulmonary diseases are especially important for anesthesiologists and
are constantly increasing. Based on the study of Murray (1) from 1996 chronic pulmonary disease
was ranked 12 in 1990s, while it is predicted to be ranked 5™ in 2020s to all diseases in the world.

Abdominal hysterectomy is usually performed in general anesthesia alone or in combination
with epidural anesthesia, very rarely in regional anesthesia alone. Regional anesthesia has an
advantage of retaining of conscious state; it is associated with decreased incidence of deep vein
thrombosis and reduced postoperative risk of pulmonary, cardiovascular and gastrointestinal
complications. But it requires additional performance time, technical skills and has its own
contraindications, as well as side effects. In a COPD patient regional anesthesia alone is associated
with lower incidences of composite morbidity, pneumonia, prolonged ventilator dependence and
unplanned postoperative intubation (2).

All patients with chronic obstructive pulmonary disease (COPD) are with increased risk for
intra and postoperative complications during abdominal surgery. Arozullah et al. (3) published the
largest study investigating the risk index for postoperative respiratory failure and pneumonia in
non thoracic surgery. COPD was found to be a major predictor for postoperative complications.
In a smaller study from 2002 [4] besides COPD, asthma, age > 65, history of smoking > 40
years, productive cough and exercise intolerance were all found to significantly increased risk
for postoperative pulmonary complications.

The definition of severe COPD (from the National Surgical Quality Improvement Program-
NSQIP) is chronic obstructive pulmonary disease resulting in any one or more of the following:
functional disability from COPD (e.g., dyspnea, inability to perform activities of daily living),
hospitalization in the past for treatment of COPD, chronic bronchodilator therapy requirement
with oral or inhaled agents or a forced expiratory volume in 1 second (FEV1) of <75% of predicted
on pulmonary function testing (2).

We are presenting the management of 20 patients with COPD undergoing abdominal

hysterectomy under combined spinal-epidural anesthesia (CSEA).

Methods

We performed a prospective study on 20 female patients, scheduled for elective abdominal
hysterectomy, all of them belonging to American Society of Anesthesiologists physical status
IIT in the period between January 2015 and January 2017.

Patients were included if they had a NSQIP preoperative diagnosis of severe COPD. Patients
with coagulation abnormalities, vertebral deformities and refusal for regional anesthesia were
excluded from the study.

All patients were previously well prepared, all routine investigations were carried out and

detailed pulmology examination was performed although some studies (5) for preoperative
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evaluation of lung function did not reveal specific parameters of lung function predictive for
postoperative complications. Just the existence of COPD increases the risk.

No patient received oral premedication due to the fact that benzodiazepines reduce the
respiratory strength, but all of them received intravenous premedication with 2 mg of Midazolam.

In the operating theatre all patients were monitored for noninvasive blood pressure,
electrocardiography and pulse oximetry.

Epidural catheter was placed on T12-L1 or L1-L2 level, while spinal punction was performed
on L2-L3 or L3-L4 level in sitting position with 26G or 27G spinal needles. For spinal anesthesia
14-16 mg Bupivacaine with 10 pg Fentanyl was used. Epidural catheter was activated only if
desired sensory level was not achieved or the duration of operation prolonged more than 120
min. We used 0.5 % plain Bupivacain starting with 5 ml to maximum 15 ml.

All patients received supplemental oxygen through oxygen mask 2l/min. Intraoperatively
heart rate (HR) and Mean arterial pressure (MAP) were monitored every 5 minutes and recorded
at an interval of 5, 10, 15, 30, 60 minutes and at the end of surgery. Saturation with oxygen was
monitored continuously, but recorded in every 10 minutes. Hypotension and bradycardia was
defined as 20% reduction from base line values. Anesthesia time was calculated from start of
anesthesia to the end of surgery.

Postoperatively the most important outcome for this study was postoperative pulmonary
infection. We also observed postoperative intubation, ventilator dependence and 30-day mortality.

Patients’ satisfaction with the anesthesia procedure in terms of pain relief, comfort, acceptance

as a choice for future and overall satisfaction were recorded.

Results
Data of all 20 patients enrolled in the study were included in the analysis. The demographic and

clinical characteristics of the group sample are given in table 1.

Table 1. Demographic and clinical characteristics for the matched patients

Clinical variable Mean SD
Age (years) 62 *10
Body mass index 26 7.2
Number %

DM (insulin dependent) 5 25
DM type II 4 20
Smoker 8 40
Hypertension 15 75
Myocardiopathia chr 4 20
DM-diabetes mellitus
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11 patients have excellent analgesia only with spinal anesthesia, while 9 patients received
additional 0.5% Bupivacain on the epidural catheter. 7 patients needed epidural analgesia from
the start of the operation due to the insufficient sensory block. Average Bupivacain consumption
was 9.5 £ 3.5 ml. Another 2 patients needed Bupivacain on the epidural because the duration
of the operation lasted more than 150 minutes. Each patient received 8 ml of 0.5% Bupivacain.

Hemodynamic parameters HR, MAP and saturation with oxygen are shown in table 2 and

represented graphically in figure 1.

Table 2. Hemodynamic parameters at various time intervals

Time intervals (minutes after the start of . MAP
HR (beats/ SpO., (%
anesthesia) (beats/min) (mm Hg) 050
Before the start of anesthesia 72+10 112+18 96
5 min 68+9 110£18 96
10 min 64+8 106+16 95
15 min 62+8 98+12 94
30 min 58+7 88+10 94
60 min 62+6 90+11 95
120 min 646 92+10 96
HR-heart rate
MAP-mean arterial pressure
SpO -saturation with oxygen
120
100 .\k\‘\ 1‘\.’4.———'
80
60 .‘“—F\& ~ —u— MAP
il ——HR
40
20
0 T T T T 1 T
before 5min. 10min. 15 min. 30 min. 60 min. 120 min.
the start
Time intervals after the start of anesthesia

Figure 1. Variations of heart rate (HR) and mean arterial pressure (MAP) in different time intervals

Mean HR showed small decrease immediately after anesthesia. Only one patient (5%) needed
0.5 mg Atropine for treatment of bradycardia (table 2, figure 1).

Mean MAP showed slow decrease in the initial 30 minutes and after that blood pressure
followed one constant flow. Hypotension was noticed in 3 patients, but only 2 needed 0.5 mg

Phenylephrine for correction of hypotension (table 2, figure 1).
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SpO, showed a small decline within 15 minutes of combined spinal-epidural anesthesia and
then maintained constant till the end of the surgery (table 2). Oxygen was given to all patients
continuously. None of the patients had SpO, less than 90%.

Mean anesthesia time in minutes was 95.5.

Postoperative pulmonary infection was one of the study outcomes. We followed the patients
all the time during their stay in the hospital and contacted them till 30th day of the surgery. 4
patients developed postoperative pulmonary infection, but it was diagnosed and treated on time.
No patient needed postoperative intubation or ventilator. The 30-day mortality was zero.

Patients’ satisfaction with the anesthesia procedure was assessed on four parameters (pain
relief, comfort, acceptance for future and overall satisfaction). Patients in our study were very
satisfied with the anesthesia on all parameters (pain relief 85%; comfort 95%; acceptance for
future 100%; overall satisfaction 100%).

Discussion

Abdominal hysterectomy is usually performed in general anesthesia, but general anesthesia in
high risk surgical patients with significant pulmonary disease can trigger many adverse effects.
A review of 141 prospective randomized trials (6) showed that regional anesthesia compared
with general has an advantage of decreased incidence of deep vein thrombosis, renal failure and
reduced postoperative risk of pulmonary, cardiovascular complications as well as decreased
mortality. Retaining the conscious state and spontaneous breathing is also very important part
of regional anesthesia. Among the various regional anesthesia techniques that can be used for
total abdominal hysterectomy combined spinal epidural anesthesia has gained popularity over
the years and has become a popular technique for various gynecological operations. Various
advantages of CSE technique include fast and reliable segmental anesthesia with minimal risk
for toxicity followed by excellent analgesia in the postoperative period (7).

Typical hemodynamic effects of spinal block include a reduction in blood pressure with
only a mild reduction in heart rate, ejection fraction or cardiac output even in patients with
poor left ventricular function. Hypotension develops due to a reduction in systemic vascular
resistance and central venous pressure secondary to the sympathetic blockade, with vasodilation
and redistribution of central blood volume (8). Hypotension was observed in 3 patients in our
study and was treated with small doses of vazopresors, effectively. Bradycardia was observed
in 1 patient, treated with Atropine. Oxygen saturation remained within normal limits during
the procedure demonstrating that spinal block can be safe, even in the absence of tracheal
intubation. On the other hand, epidural as a part of CSEA offers flexibility, when sensory
block is insufficient or the duration of the anesthesia is extended. We needed injection of
Bupivacaine on the epidural catheter in 7 patients due to insufficient sensory block and in
2 patients because of prolonged surgery time. Epidural is also ideal for postoperative pain

control. One recent study (9) comparing combined spinal-epidural and general anesthesia for
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abdominal hysterectomy in non COPD patients showed us very good hemodynamic stability
in patients with CSEA.

Compared with general anesthesia, the use of regional anesthesia in patients with severe

COPD is associated with a lower incidence of postoperative pulmonary complications. 4
of the patients in our study developed postoperative pulmonary infection, but without need of
intubation or ventilator support. One recent study from 2015 (2) that included more than 5000
surgical patients with COPD, half of them receiving general, other half regional anesthesia
showed us that in a COPD patient regional anesthesia alone is associated with lower incidences of
composite morbidity, pneumonia, prolonged ventilator dependence and unplanned postoperative
intubation. This association is most notable in patients receiving spinal anesthesia. In this study
all these advantages did not extend to mortality, which was similar between groups. A meta-
analysis of older studies (6) that compared 9559 patients found a one-third reduction in mortality
with regional anesthesia, but the study was not limited to COPD patients.

Patients’ satisfaction with the anesthesia procedure assessed on four parameters showed
us in our study very big satisfaction with the procedure. Patients were very satisfied with the
anesthesia on all parameters. Tangpaitoon et al reported significantly better patients’ satisfaction
in CSEA group compared with general anesthesia group in patients undergoing percutaneous

nephrolithotomy (10).

Conclusion

Constant advances in anesthesiology techniques especially the combined spinal-epidural technique

led to much safer anesthesia and extension of operative indications. Combined spinal epidural

anesthesia provides good hemodynamic stability, big patient satisfaction, less composite morbidity

shown by fewer pulmonary complications in patients with COPD. Encouraging this anesthesia

technique might increase the safety margin of surgery in patients with severe pulmonary diseases.
Using regional anesthesia with spontaneous breathing should be offered to high risk patients

whenever it is possible.
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KOMBHUHUPAHA CIITMHAJIHA-EIIN Y PAJIHA
AHECTE3HUJA 3A ABIOMUHAJIHA XUCTEPEKTOMMUJA
KAJ MAIHMEHTKH CO XObb

ABCTPAKT

Bosen: Curte nanueHTH co XpoHHUYHA ONCTPYKTUBHA OenoapobHa 6onect (XOBB) ce co
3rojieMeH PU3UK O] HHTPA U MTOCTONEPATUBHU KOMIUIUKAIIUY TIpU abJOMUHATHA XUpypruja. Bo
Halara CTy/ldja HUE MOKaKyBame JIPYT MPHUCTAN BO aHECTe3MjaTa Kaj OBHE BHUCOKO-PU3UYHU
MAIUEHTKH.

Metonu: AnanusupaBme 20 manuentku ASA III, 3akakanu 3a enekTHBHA abJJOMUHATHA
xucrepekromuja. [lo cooaBeTHa mpenonepaTuBHa MOATOTOBKA, Ka] CUTE MAIlMEHTKU Oerne
NOCTaBeH enuaypaieH karerep Ha HuBO Th - L wmmm L -L, a cranmapana cnuHanHaTa
aHecTesuja Oele U3BeJeHa Ha TOHUCKO HUBO. EBanynpaBMe 0OCHOBHU XeMOAWHAMCKH MapaMeTpH,
3aJI0BOJICTBO Ha MAIIMEHTUTE U IMOCTONEPATUBHU OEOIPOOHH KOMILTUKAIIUH.

Pesyararu: Cute XeMOIMHAMCKU MTapaMeTpH MOKaXkaa HaMayBame Bo pBuTe 30 MUHYTH
U TMOcCJieIoBaTeIeH KOHCTAaHTEH TEK ce 0 KpajoT Ha omepalnujaTa. 4 MalueHTKUd pa3BHja
rmocTornepaTuBHa OenoapodHa nHpekiurja, 100po 3aBpmrja. CuTe MarMeHTKH Oea 3a10BOTHI
CO aHECTEe3MOJIONIKATa TEXHUKA.

3akayuok: KomOuHMpaHa cniuHalHa-eNMuaypaisHa aHecTte3nja obe3deayBa qobpa
XeMOJIMHaMCKa CTaOMIIHOCT, TOJIEMO 3a/I0BOJICTBO Kaj MALIMEHTKHUTE CO IIOMAJIKY MTOCTONIepaTUuBHU
6enoapoOHn KoMIuTuKaIuu kaj narueHTKu co XOBB. [loTTukHyBameTo Ha 0Baa aHEeCTE3HOJIOIIKA
TEXHUKa MOXKE J1a TY 3rojieMu 0e30€JHOCHUTE TPaHULIM Ha XUPYpTyjaTa Kaj HallMeHTKU CO TeIIKU
6enoapobHU 3a00TyBamba.

Kayunu 360poBu: abgoMuHalIHA XUCTEPEKTOMHja, MOCTONEPATUBHU OEIOAPOOHU

3abomyBama, XObb.
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ABSTRACT

Introduction: Cerebral oxymetry with Near Infrared Spectroscopy (NIRS) method provide
noninvasive monitoring of microvasculature in the brain and reflects the balance between oxygen
delivery and oxygen consumption. Since this system provides direct measurement of oxygen
saturation in cerebral cortex any disbalance is early warning sign for potential cerebral ischemia.
The purpose of this study is to determine the usefulness of NIRS as method for prevention and
early recognition of secondary brain changes in traumatic brain injury (TBI) and forehanded
treating of these changes.

Materials and methods: NIRS monitoring was conducted in seven patients with TBI. We
kept tracking following parameters: Glasgow Coma Scale (GCS) on admission to determine the
severity of TBI, systolic blood pressure (SBP), mean blood pressure (MBP), Pulse oxymetry
(Sp0O2), and regular laboratory. Regional cerebral oxygenation was measured using cerebral
oxymetar INVOS 5100 Somanetics®.

Result: According to data obtained in several patients, we noticed that any change in
hemodynamic profile directly influenced the regional cerebral oxygen saturation. Lower value 20
% and more from basal ones correlates with unfavorable outcome as neurologic sequels. Decreased
values of rSO2 in our cases were rectified with several simple interventions. In our cases, parameter
which was most prominent cause for disturbed rSO2 was decreased mean arterial pressure (MAP).

Conclusion: Through analysis of values obtained with Near Infrared Spectroscopy which
varied in some pathologic conditions indicates to possible benefit using the regional oxygen
saturation in traumatic brain injury and presents important monitoring system for forehanded
detection of occurring adverse secondary brain injuries.
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Introduction

Traumatic brain injuries without any doubt present enormous health and socio economic issue
accompanied with high percent of mortality and morbidity especially in young population (1).
It is well known that traumatic brain injuries (TBI) initiated whole cascade of events leading to
secondary brain injury. These secondary changes consist of ischemic, electrolytic, neurochemical
and immunological processes which subsequently damaged already disturbed brain (1,2).

The causes for secondary brain injuries can be intracranial and extracranial. The intracranial
are intracranial hypertension, cerebral edema, disturbances in regional cerebral blood flow,
seizures, excitotoxicity, mitochondrial dysfunction and metabolic disturbances. The extracranial
are systemic as hypoxemia, hypotension, anemia, disturbance in glucose metabolism and other
metabolic abnormalities. Prevention and decreasing of these secondary brain injuries can present
main therapeutic goal in TBI management (4,5).

Neuromonitoring is more essential tool in intensive care unit and its primary goal is trauma brain
injury management identification and prevention of secondary brain injuries and therapy guiding (2).

If secondary injury is recognized on time titrating and outcome will be much more beneficial.
There are continuous achievements in quality of care for patients with TBI in operation room
and in intensive care unit. Despite this progress, secondary brain injuries remain the biggest
concern which can happen intraoperatively and in intensive care units (3). This concern initiates
development of new technologies for monitoring and new strategies for early detection of brain
dysfunction and appropriate neuroprotection. Still standard methods for monitoring do not provide
direct measurements of brain processes. Nowadays we are talking about multimodal monitoring
which provide monitoring of several parameters of brain physiology and function and consists
of several invasive and noninvasive techniques.

In 1996, Samra et al. suggest that noninvasive monitoring technique with cerebral oxymetar using
spectroscopy with electromagnetic waves near infrared light spectroscopy, can be clinically useful
in time of management of patients with TBI, neurosurgical procedures and open heart surgery (4).

This method enables absolute measurement of oxygen cerebral saturation (rSO2). This
parameter reflects the balance between oxygen delivery and oxygen consumption [5].

Cerebral oxymetry with NIRS (Near Infrared Spectroscopy) method provide noninvasive
monitoring of microvasculature under the sensors measuring the oxyhemoglobin and
deoxyhemoglobin in venous and arterial blood in ratio of 75:25 percent. This results with
sensitive measurement in real time of venous oxygen reserve i.e. measuring the blood oxygen
which remains after the extraction from the tissue. The method is based on transmission and
absorption of electromagnetic rays in area near the infrared light spectrum (700 -100 nm) on
different lengths passing the tissue. Since oxy and deoxyhemoglobin have different absorption
spectrum, cerebral oxygenation is assessed according to their relative absorption of near the
infrared radiation. Factors that can influence the absorption are scalp thickness, myelin sheets,

liquor and changes in extracranial blood flow (6).
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Pulse oxymetry use the spectroscopy of near the infrared radiation to estimate noninvasively
and continuous the changes of blood oxygen saturation. The main difference is that cerebral
oxymetry directly monitors the changes in regional oxygen saturation (rSO2) of predominately
venous blood in the brain.

Since this system provides direct measurement of oxygen saturation in cerebral cortex any
disbalance is early warning sign for potential cerebral ischemia.

Normal parameters for value of basal rSO2 are 60-78% with 10 % variation up and down
(critical moment is value which is 20% lower from basal value). Threshold for it is much more
individual and depends of accompanied disease, so it is necessary to establish the basal value of
rSO2 in every patient. When changes in oxygen delivery and consumption occurred, it can be
intervened with simple procedures before irreversible brain secondary injury might happen (7).

With this parameter it is enabled to indirectly monitor the perfusion and it represents sign for
impairment of patient’s condition much earlier from other systemic measurements and laboratory
tests which can remain normal beside already occurred ischemia of the brain (8).

The purpose of this study is to determine the usefulness of NIRS as method for prevention

and early recognition of secondary brain changes in TBI and forehanded treating of these changes.

Materials and Methods
NIRS monitoring was conducted in seven patients with TBI in period of November 2014 till
February 2015 in Intensive Care unit of Clinic of Neurosurgery in Skopje.

In all patients were performed standard diagnostic and resuscitation methods for trauma
patients and specific methods for treatment of traumatic brain injury according to novel guidelines
for treatment of neurotrauma patients.

Beside standard therapy in patient, we performed therapy for stabilization of shock condition.
We kept tracking following parameters: Glasgow Coma Scale (GCS) on admission to determine
the severity of TBI, systolic blood pressure (SBP), mean blood pressure (MBP), Pulse oxymetry
(Sp02), and regular laboratory. Regional cerebral oxygenation was measured using cerebral
oxymetar INVOS 5100 Somanetics®. Noninvasive measuring was performed with two sensors

i.e. Somasensors placed on frontal part of patient’s head. Spectroscopic radiation near infrared
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light passes through frontal part of the scalp entering the brain. The big letter R and L were used

for determining the value of cerebral oxygenation in right and left hemisphere.

Results

In Table 1 we have parameters that were taken in patients at the moment of admission in intensive
care unit: Glasgow Coma Scale (GCS), systolic arterial pressure (SAP), mean arterial pressure
(MAP), Pulse oxymetry (SpO2), diagnosis, mortality on 24 day and age. The first parameter GCS in
four patients show severe neurotrauma (GCS 3-8), 2 patients have moderate neurotrauma (9-13) and
one patient with mild neurotrauma (GCS 14-15). One patient died in first 24 hour. Hemodynamic

profile at the admission (SAP and MAP) in all patients has relatively moderate values.

Table 1 Data on admission in ICU

GCS |SAP |MAP |SpO2 |Diagnosis g[r‘l’rztjlgzy Age
SAH traumatica
b7 109 75 02 Contusio cerebri / 47
2 |9 167 105 96 Contusio cerebri / 63
3 12 174 113 99 Hematoma epidurale 1.dex / 24
4 |7 146 98 93 Haemathoma subdurale 1.dex / 54
5 |14 110 73 98 F-ra impressiva / 33
6 98 63 87 Haemathoma subdurale bill Contusio cerebri |died 58
7 |8 146 90 93 Contusio cerebri / 39

GCS - Glasgow Coma Scale
SAP - systolic arterial pressure
MAP - mean arterial pressure
SpO2- Pulse oxymetry

In Table 2 values for regional cerebral oxygenation (rSO2) are noted in the first 24 hours.
The basal values were determined and noted dramatic change i.e. decreasing was connected with
algorithm for possible causes. The procedures for increasing the oxygenation were performed as
soon as possible. After the intervention values returned to values near the basal ones i.e. cerebral

oxygenation increased.

Table 2. Values for rSO2

Sp0O2% |rSO2 basal % [rSO2 change % |rSO2 % difference | Cause
right |left |[right |left right left

1|91 69 69 51 68 26 1,4 MAP<62mmHg,head position
2196 74 73 66 67 0,8 8,2 MAP<79 mmHg
3199 75 77 59 63 21,3 18,1 MAP <70 mmHg
4193 59 67 52 58 11,8 13,4 Head position, SpO2
5198 77 78 65 65 15,6 15,7 Hyperthermia
680 |4 |62 |41 |42 |36 322 ﬁiz 3?2()6mmHga Sp02=90, Hgb= 87 g/dl,
7193 72 69 63 64 12,5 7,2 MAP <70 mmHg
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Discussion

Monitoring of cerebral oxygen saturation presents a window for the processes running on cellular
level at that moment. NIRS method monitors the changes of cerebral oxygen which is result of
mechanic and hemodynamic processes.

According to data obtained in several patients, we noticed that any change in hemodynamic
profile directly influenced the regional cerebral oxygen saturation. Lower value 20 % and more
from basal ones correlates with unfavorable outcome as neurologic sequels.

Decreased values of rSO2 in our cases were rectified with several simple interventions
(9). Examples of these interventions were: correct head position in neutral enabling permanent
drainage of venous circulation from the brain; decreasing the cerebral metabolism with deeper
anesthesia; decreasing the body temperature as protective measure. Specific type of intervention
is when we have to increase the oxygen delivery as increasing the Fi0O2, increasing the cerebral
blood flow, increasing the PaCO2 to normal values, increasing the blood pressure and increasing
the hematocrit.

Decreasing of rSO2 under the critical value of 50 occurred in one patient, but much more
warring was the moment of decreasing the values 20% more from basal values which occurred
in three patients. With simple intervention we successfully returned the values of rSO2 to almost
basal ones (10).

In our cases parameter which was most prominent cause for decreased rSO2, was
decreased mean arterial pressure (MAP). This indicates that it is essential to maintain the stable
hemodynamic in patients with TBI.

We suppose that with normalizing the cerebral oxygen saturation, the causes which can

initiate severe secondary brain injuries, can be eliminated.

Conclusion

Through analysis of values obtained with NIRS which varied in some pathologic conditions
indicates that is possible to benefit using the regional oxygen saturation in TBI and it presents
important monitoring system for forehanded detection of occurring adverse secondary brain
injuries. We used data from seven patients, but they were strong motive for expanding the
investigation. Using this monitoring system has diagnostic values, but also enables right

therapeutic decisions and consequently better prognosis in TBI.
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HEBPOMOHHUTOPHUHI' CO CHEKTPOCKOIINJA BJIN3Y
NH®PALIPBEHO 3PAYEILE KAJ TPAYMATCKA MO30YHA
IHOBPEJA - ITUJIOT CTYAUJA

AIICTPAKT

BoBen: HennBasuBHa TeXHHKAa HA MOHHTOPHHT CO LiepedpalieH OKCUMeTap KOj KOPUCTU
CIIEKTPOCKOTHja Ha OJIMCKY 10 HHPPAIPBEHHUOT CIIEKTAp Ha CBETVIMHA MOKE J1a OW/Ie KITMHUYKH
KOpPHCHA 32 BpeMe Ha MEHAlIMpame Ha MAIlMeHTH cO MO304Ha Tpayma. OBoj cuctem Ouuejku
00e30eryBa TUPEKTHO MEpEHE Ha KUCIOPOIHATA caTypalrja BO MO30YHHOT KOPTEKC, HETOB
aucOaaHe e paH mpeaynpeayBadyky 3HaK 3a MOTEHIMjadHa nepedpanna ncxemuja. Llenra
Ha OBaa CTy[Wja € WHHUIIMJAJIHO Ja C€ YTBPAN KOPHUCHOCTA O] CIIEKTPOCKOIHjaTa OJUCKY 110
uH(ppapBeHara CBeTINHA KaKO METOJla BO MPEBEHIIMjaTa U paHa JACTEKIMja Ha CEKyHIapHU
MO30YHH OBPEIH Kaj TPayMaTCKUTE MO30YHM MOBPEAN U TPABOBPEMEHO TPETUPAHE HA UCTUTE.

Marepujaja u MmeTroan: HeBpOMOHUTOPHHT CO CIIEKTpOCKOMHja O3y MHGPAIpPBEHOTO
3pademe Oelle CIpoBeeH Kaj CeIyM MalueHTH CO MPUCYTHAa TpayMa Ha MO30KoT. Ce ciienea
cnenauBe napamerpu: [masros Koma Ckamna npu npuem 3a oapeayBame Ha KITMHIUYKATA TeKIHA
Ha TpayMaTCKUTE MO30YHU MOBPEIM, CUCTOJICH apTEPUCKU NMPHUTHCOK, CPEICH apTEPUCKH
MPUTHCOK, TIepuQepHaTa KUCIOPOIHA caTypanrja U 1aboparopucku Haonu. PermonanHara
MO304YHa OKCUTCHAI[H]ja Ce Mepeliie KOPUCTEjku ro nepedpanHuot okcumerap INVOS Somanetics®
KOj HaIllpaBU HEMHBA3UBHOTO MEPEH-E CO JBAa CEH30Pa, T.H. COMACEH30pU KOU C€ IOCTaBHja BO
(POHTAITHUOT JIeJT Ha IIaBaTa OJ1 MAI[HeHTOT.

Pesyararu: Bo Tabena.l ce mpukaxkaHu mapaMeTpUTe KOHM ce Oeyexea Kaj MalueHTHTE
MIPU CaMUOT MIPHEM BO €IMHUIATA 32 WHTCH3WBHO JIeKyBame: [J1a3roB KoMa cKalla, CUCTOJEH
apTEPUCKHU MIPUTUCOK, CPEIICH apTEPUCKU MIPUTUCOK, BPEIHOCTUTE HA MYJICHATA OKCUMETPH]a,
JUjarHo3a U MopTaiuteT MepeH no 24 aena. Bo Tabena Op. 2 ce mpukaxaHH BPEIHOCTUTE
Ha pernmoHajHara 1epedpanHa okcumeTpuja. Kaj HoTupanara moapacTUdHa IPOMEHA Ha
peruonanHara nepeOpanHa okcUMeTpHuja (HamaldyBame) ce ynorpeduja nmpoueaypu 3a
3rojieMyBam-€¢ Ha MO30YHATa KUCIIOpOIHa catypanuja. Co OTCTpaHyBambe Ha IPUYMHATA CE BpaTHja
BPEIHOCTUTE HA MPOMEHETaTa peruoHajHaTa 1epedpaaHa OKCUMETpHja Ha CBOUTE Oa3aiHu
BPEIHOCTH, OTHOCHO IMOBTOPHO C€ TIOKaUM MO30YHaTa KUCJIOPOJHA caTypalyja.

3akayuok: [Ipu aHamm3a Ha BPeIHOCTUTE JOOMEHHU CO CIIEKTPOCKOIMjaTa Ha OJUCKY J0
nH(]palpBeHaTa CBETIMHA KOW Bapupaa MpH OAPEACHH MaTOJIOMIKH COCTOjON MOXKE CIO00THO
1a ce 300pyBa 3a KOPHCHOCTa Ha ynmoTpebara Ha pernoHajHaTa HepedpaiHa caTypanuja
BO TpayMaTCKHUTE MO30YHH IOBPEIM U OJU BO MPUIIOT Ha (PaKTOT JeKa cTaHyBa 3abop 3a
Ba)KCH JIOTIOJIHUTENICH MOHUTOPHHT CHCTEM 3a NPaBOBpEMEHA JCTEKIIMja Ha HaCTaHYBame Ha
HECaKaHWTE CEKyHIapHU MO30YHH TOBpean. KoprcTemeTo Ha 0BOj MOHUTOPUHT IapaMeTap uMa
JIMjarHOCTUYKA BPEIHOCT, HO UCTOBPEMEHO M JI03BOJIYBa IIPaBOBPEMEHa TepareBTCKa OJUTyKa,
a CO CaMOTO TOa Ke BiIMjae U Ha 1momo0pa MpOrHO3a Ha TPAyMAaTCKUTE MO30YHU MOBPEIU IITO
Tpeba ja Ouje MOTTUK 3a TOHATAMOIIIHU UCTPaKyBamba.

Kay4ynu 300poBH: HEBPOMOHHUTOPHHT, CIIEKTPOCKONHjaTa Ha ONMHCKy 10 MH(palpBeHara
CBETJIMHA, TpayMaTCKa MO304YHAa MOBpe/a, iepedpaiHa OKCUMETpH]a.
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ABSTRACT

In the recent years, laparoscopic surgery has gained popularity in everyday surgical
practice. The effect of the artificial pneumoperitoneum with carbon dioxide (as standard gas for
insufflations during laparoscopy) on the hemodynamic and respiratory stability, has been widely
studied and known. On the other hand, many studies suggest that different gasses can be used for
pneumoperitoneum, even though their effect on cardiovascular system is not well established.
Controversial data from case reports, where accidentally different gasses were insufflated, open
new debate for patient stability and safety. We present a case of patient scheduled for elective
laparoscopic cholecystectomy where accidental intraabdominal insufflations of oxygen 100%
lead to marked hemodynamic destabilization. Our case, endured with scientific facts, give us
the right to suspect that when oxygen (O,) is insufflated with same pressure and flow as CO,
could correlate with hypotension and bradycardia more quickly than carbon dioxide. This leads
to a question”can anesthesiology intraoperative parameters serve as an important indicator for
preventing any serious complication during pneumoperitoneum?”. Another opened question is
“Should we always blindly believe in the declarations of the facilities and agents that we are
working with?”.

Key words: destabilization, fire, incident, indicator, insufflation with oxygen(O,),
laparoscopic surgery.
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Introduction

In recent years, laparoscopic surgery has gained popularity in everyday surgical practice and
has become a routinely used method in the abdominal surgery. Pneumoperitoneum (during
laparoscopy) can be achieved by insufflation of carbon dioxide (CO,) or as novel literature
suggests many other gasses (1). However, so far the effect of the artificial pneumoperitoneum
with CO, has been widely studied and therefore this gas is still considered to be”golden standard”
for laparoscopy (1,2).

Peritoneal distention and increased intra-abdominal during artificial pneumoperitoneum
have well-known effects on hemodynamics and respiratory stability. The rise in intra-
abdominal pressure has effects on the venous return and together with the pressure effects and
hypercarbia effects, can be the cause of hemodynamic destabilization manifested as hypotension,
bradyarrhythmia or tachyarrhythmia (2).

Anyway, studies report different degree of complications and incidents when accidental CO,
or other unwanted gas has been insufflated during pneumoperitoneum. Besides this, novel studies
have suggested that different gasses can be used isolated or as an additive to pneumoperitoneum
during laparoscopy (1,2). However, some questions arouse with these novel suggestions. Are there
enough studies elaborating the safety issues when working with other gasses? Are the different
gas pneumoperitoneum effects identical or different considering cardio respiratory stability? At
the end, is there a parameter that can be a predictor or indicator if something unexpected and
undesirable is about to happen?

We present a patient scheduled for elective laparoscopic cholecystectomy where accidental
intraabdominal insufflation of oxygen 100% lead to marked cardio circulatory and hemodynamic

destabilization.

Case report

We present a 68-year-old female patient scheduled for elective laparoscopic cholecystectomy in
general endotracheal anesthesia. Patient was 60 kg body weight, smoker with medical history
of previous hypertension (chronically treated with Tbl. Amlodipin a 10mg and Tbl. Metoprolol
a 100mg). The patient underwent a standard preoperative diagnostic procedure and tests (ECG,
RTG and Laboratory tests) and the results were within the normal ranges.

On the day of the surgery patient was premedicated with oral Apaurin 5 mg and was presented
for surgery. Upon the entry in the operating theatre and after routine monitoring patient’s vital
signs were as follows NIBP:170\80mmHg, HR:60 bpm and Sp02:97%.

Induction in anesthesia was uneventful with midazolam 1mg, fentanyl 0,1mg, lidocaine
50mg and propofol 100mg. Intubation was facilitated with rocuronium bromide 0.6 mg/kg and
after intubation patient was mechanically ventilated with RR-12, TV-450ml, on O,- Air mix
(50:50%) to achieve EtCO, from 31- 33 mmHg (Datex Omeda). Anesthesia was maintained

with isoflurane (1-3%) and additional doses of fentanyl and rocuronium bromide.
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Surgery started and after the trocars insertion CO, was insufflated with a flow of 11/min and up
to abdominal pressure of 14 mmHg. Surgery and anesthesia were uneventful except for small rice
of the EtCO, (from 33 to 36 mmHg) that was noticed, all other parameters were stable and not very
different from the baseline ones. As the surgery went on, gas supply cylinder was changed and after
the change, reinsuflation of the gas was started with the above mentioned conditions. As soon as the
reinsuflation started, decline in the EtCo2 was noticed (from 36 to 32mmHg) which was followed by
onset of bradycardia (HR dropped to 40bpm) and extreme hypotension (NIBP :70/40 mmHg). At that
time, Atropine 1mg and plasma expander Hydroxyl ether starch (HES) were given as a treatment for
the cardio-circulatory destabilization. Surgical team was informed for the circulatory destabilization
and within the seconds from the destabilization we faced an unusual and dramatic condition of
intraabdominal smoke in the surgical field that was visualized trough the laparoscopic camera.

All the action with the cautery was stopped, cold saline was inserted through the trocars and
the smoke went down. Cylinder which was started, was immediately changed and 5 minutes after
the precaution matters were taken, patient stabilized hemodynamically. The rest of the surgery
and anesthesia went normally; patient was extubated in operating theatre and sent to the recovery
room for postoperative monitoring. Postoperative course for the patient was normal and after 4
days, patient was discharged fully recovered.

The cylinder which was a gas source during the surgical procedure was sent on further
examination at the authorized distributor. The presence of 100% oxygen instead of carbon

dioxide was proven.

Discussion

Practicing laparoscopic surgical methods in abdominal surgery means causing artificial
pneumoperitoneum. Besides all the surgical benefits from the laparoscopic surgery, still risks like
hemodynamic instability, cardio-circulatory unwanted events, ventilation associated disorders
are part of the unwanted effects of gas induced pneumoperitoneum.

Artificial pneumoperitoneum, when CO, is insufflated, theoretically due to increased intra-
abdominal pressure and CO, retention may lead to bradycardia or even cardiac arrest (3). Myles
P et al. reported that 47% of all patients who undergo pneumoperitoneum experience some kind
of arrhythmias, while 30 % of them develop severe bradycardia (4). These unwanted events have
several explanations why they occur.

Firstly, possible mechanism for these cardiac rhythm alterations is vagus mediated
cardiovascular reflex that is a result of extreme and rapid (rapid gas insufflation with high flow)
distension of the peritoneum, secondly, possibility of gas embolism should be considered (4).
Many authors confirm that slow gas insufflation and maintenance of the intraabdominal pressure
between 12-15 mmHg are essential for hemodynamic stability in all patients (5,6). Dhoste
debated that intraabdominal pressure of 12 mmHg and flow rate of 1 1 are the only patterns that

are needed for hemodynamic stability during laparoscopy (7).
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As far as we can say for this case is that the insufflation of the CO, was slow with 11 flow
and the intraabdominal pressure was maintained between 12-14 mmHg. Additionally, during the
first 40 minutes our patient was stabile and no hemodynamic incidents were recorded. After the
pneumoperitoneum was started, a rise in the EtCO, from 33 - 36 mmHg was noticed, but this is totally
expected when CO, pneumoperitoneum is created. What is worth mentioning in this context is that
present hypercarbia was not the cause for any hemodynamic incident. Also EtCO, didn’t drop to
concerning levels when bradycardia occurred so possible air embolism was not matter of question.

When we eliminate all the possible causes for hemodynamic instability and when we
consider that hypotension and bradycardia occurred after the gas from the new cylinder was
insufflated and right before smoke in the abdominal cavity was noticed, we can reliably confirm
that there was something wrong with the new cylinder. From this point of view when we know
that the cylinder was filled with O, instead of CO, we might assume or theoretically debate why
hemodynamic instability occurred.

Some data reveal that when adding 3% of oxygen to the CO, for pneumoperitoneum higher
insufflation pressures and longer duration of the pneumoperitoneum are noticed. However,
authors confirmed that the addition of more than 3% of oxygen for pneumoperitoneum may be
deleterious for the patients (8). What happened in our case is that probably from the new cylinder
nearly 100% of O, was insufflated in the abdominal cavity and the insufflation resort of O, was
extremely high, so extreme distension and vagal conducted bradycardia occurred. Additionally,
the current surgical practice is to use 100% carbon dioxide, because it is not combustible and
thus will not create an explosion even if the electrocautery generates a spark. Contrary to this
when sparks, electrocautery and high percentage of O, are present, combustion is invincible.
What basic physics reveals is that every gas when burnt with or without explosion, increase
the gas volume to maximum (9). Therefore, for our patient we have noticed smoke and fire, so
these features are complementary for deeper cardiovascular collapse.

To our knowledge besides these few studies and our study that theoretically confirm
etiological link of abdominal insufflation with oxygen and consequent hypotension and
bradycardia, we couldn’t find any relevant data in the literature. All these give us the right to
suspect that the oxygen as an insufflation gas could correlate with consequent hypotension and
bradycardia and that the awake following of the anesthesiology intraoperative parameters may
serve as an important indicator for preventing any serious complication.

From this point of view, the question remains wide open whether abdominal insufflation with
normal oxygen flow and intra-abdominal pressure could be the etiologic agent for intraoperative
hemodynamic instability manifested by hypotension and bradycardia, so further research in future
should be done. Another question that should be left open is “Should we always blindly believe
in the declarations of the facilities and agents that we are working with?”.

Communication of the surgical and anesthetic teams in the OR during the surgery is also

a very important factor in preventing and early treatment in any intraoperative complications.
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Conclusion

A gas insufflation during laparoscopic surgery has its own effects on the cardio-circulatory
system. Even after practicing surgery and anesthesia under the principles of good clinical practice,
we should be prepared to expect even the unexpected. Hence, the preoperative assessment
and preparing of the patient, careful practicing laparoscopic techniques, awake intraoperative
monitoring are essential for practicing safe surgery and guiding safe anesthesia. Besides the
oxygen flammability as a negative capacity due to a gas of choice for laparoscopy, the question
remains wide open whether abdominal insufflation with oxygen, with normal flow and intra-

abdominal pressure, could be the etiologic agent for intraoperative hemodynamic instability.
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WHLUJIEHTHU BO TEK HA JIATAPOCKOITUJA —
XEMOJAUHAMCKA JECTABUJIN3ALIMIA — ®AKT WU
KOUHLMJIEHUJA?

AIICTPAKT

[TocnenHuTe rOAWHY JIAMAPOCKOTICKAaTa XUPYPrHja ce CTEKHYBA CO CE TIOToJieMa MOMYJIaPHOCT
BO KIIMHUYKATa Mpakca. BnujaHneTo Ha apTeUIMEeTHO MPEAN3BUKAHUOT THEYMOIIEPUTOHEYM
CO jariepojieH NMOKCH (KaKo CTaHJapjAeH rac 3a MHCy(duanuja npu jJanapockonuja) Bp3
XeMOJIMTHAMCKaTa M pecrupaTopHa CTaOUITHOCT ce J0Opo mpoyueHu u mo3Hatu. Of Apyra cTpana,
MHOTY CTYIUH CyTepupaar JeKa U IPYTH TaCOBU MOXKE Jia C€ KOPUCTAT 3a MPEAN3BUKYBakE Ha
MTHEYMOTIEPUTOHEYM, HO HUBHUTE €()EKTH BP3 KapAHOIUPKYJIaTOPHATA CTAOMIIHOCT HE ce J00po
yTBpaeHu. KoHTpaBep3HHUTE penopTy O]l aKIHACHTAIHA UHCYdIalrja Ha pa3IndyHU TacOBU
O0TBOpaaT MHOTY Mpaliamka BO OAHOC HAa Pa3IMYHU aCMEKTH Ha CTaOMIHOCTA M CUTYPHOCTA
Ha nauueHTuTe. OBAE Mpe3eHTUpaMe Cllyyaj Ha MAlUeHT 3a eJIEKTUBHA JIamapoCKOICKa
XOJIELIMCTEKTOMU]ja, KaZie HeHaMmepHa uHcydmnamuja co 100% kucnopon noBene 10 3HAYUTETHA
XeMOJIMHaMCKa JecTtabunuzanuja. OBoj ciiyuaj, MOTKpENeH co Hay4yHU (aKTH, HU JaBa 3a
IpaBo J1a ce MOCOMHeBaMe Jieka Kucaoponot (O,), MHCy(hIupaH IOJ MCTHOT MPUTUCOK M CO
ucT mpotok kako u CO,, MOXke Jla Kopenupa cO XMIIOTeH3HMja U Opaaukapuja MHOTY oOpry
CIIOPEICHO CO MHEYMOIEPUTOHEYM CO jariepoaHHoT nuokcua. OBa BOAU A0 MPAIIAEKHETO:
“Iany aHeCTe3HOJIOUIKUTE MHTPAONEPATUBHU MapaMeTpy MOXKaT Ja HU OuJaT WHAMKATOpP 3a
MPEBEHUPAHE HA MOCEPUO3HU KOMIUIMKALMK MTPU MHEYMomneputoneym?” JIpyro npaiiame Koe
cakame Jia To OTBopuMe € 1 ““Jlanmu cexorar cierno Tpeda 1a UM BepyBaMe Ha JeKIapaliuuTe Ha
CpelcTBaTa U areHCUTe co Kou paborume?”

Kuyuynu 300poBu: necrabmimsaiiyja, WHIAKATOpP, HHIIMACHT, HHCY(dIaIMja CO KUCIOPOI

(0O,), namapockorckara Xupypruja.
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ABSTRACT

Objective: Transurethral resection of the prostate (TURP) is endoscopic urological
intervention used in the treatment of BPH. A possible complication in TURP procedure is systemic
absorption of the hypotonic irrigation fluid known as TURP syndrome. Here we evaluate changes
in the level of electrolyte and acid-base status during TURP, correlation of hyponatremia and
acidosis in the appearance of TURP syndrome and the impact of the duration of the procedure
on the level of hyponatremia and acidosis.

Methods and results: 20 male patients were divided into 2 groups according to the
length of intervention: Group 1 (n = 9) less than 60 minutes and Group 2 (n = 11) more
than 60 minutes. All TURP procedures were performed under general anesthesia and sterile
water was used as irrigant. The level of Na +, K + and Cl-, pH, bicarbonate, lactate, base
excess and Hb were determined through arterial blood pre-, intra- and postoperatively.
Conclusions: Postoperative values of the second group indicated significant hyponatremia
and hypochloraemia compared to the preoperative values and acidosis with fall in pH of
7.41 to 7.37 compared to the first group of patients. Changes in both groups of patients are
directly proportional to the volume of irrigation fluid, the duration of the procedure and the
weight of the recessed prostatic tissue. In all of the cases there were changes in the examined
variables, indicating a need for monitoring of electrolytes and acid-base parameters peri-
and postoperatively as an opportunity for early detection and treatment of TURP syndrome.
Key words: acid-base status, irrigation fluid, TURP syndrome.
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Introduction

Benign prostatic hyperplasia BPH is enlarged prostatic gland, common disease in men over 40
years old. The symptoms include: urinary frequency, urgency, incontinence, night urination, a
weak urine flow, dribbling, intermittency (1). The cause is unknown, but most experts agree that
it’s linked to hormonal changes that occur as a man gets older and some authors are compliant
to hereditary hypothesis (2).

Transurethral resection of the prostate (TURP) is generally considered an option for men with
moderate to severe urinary problems that haven’t responded to medication (4). TURP has been
considered as the most effective treatment for an enlarged prostate and effective replacement for
open prostatectomy in most cases. (6,7) It can be carried under general anaesthesia, but spinal
anaesthesia is considered to be optimal technique for TURP.

A triple lumen catheter is used for drainage and irrigation of the bladder after the intervention
(8). The most common irrigation fluids used during the procedure are solutions of glycine, sorbitol,
glucose, distilled water and mannitol (9). TURP syndrome is actually a clinical diagnosis based
on symptoms and signs associated with excessive absorption of irrigation fluid into the systemic
circulation (10,11). It consists of acute changes in the intravascular volume, changes in plasma
concentrations and osmolarity.

Mild to moderate TURP syndrome may occur in 0.5-8% of patients (59, 60, 61), with mortality
rate of 0.2-0.8%. (62.63) Severe TURP syndrome is a rare, but however it brings death to 25%.
(28)TURP syndrome can occur in the first 15 minutes of resection (TURP syndrome early) up to
24 hours postoperatively (14). The clinical picture varies and is influenced by the type of the used
irrigation fluid, the patient and surgical factors. The symptoms are vague, nonspecific and vary from
sensations on the face and neck, lethargy, anxiety, fatigue, headache, dizziness, nausea, vomiting,
dyspnea, arrhythmias, hypertension, bradycardia, restlessness, confusion. If not treated timely,
the clinical manifestation can emerge into cyanosis, hypotension, cardiac arrest and death (15).

A certain quantity of irrigation fluid is absorbed in every TURP procedure (from 20ml/min
to several L). 1L irrigant diffusion in the circulation for a period of 1 hour parallels to an acute
decrease in serum sodium 5-8mmol/L (16). Acute hyponatremia with serum concentrations of
sodium 115-120 mEq/L is a potentially serious condition (17). This kind of state may result in
intravascular hemolysis and increase in serum potassium (18).

Hyperkalemic cardio toxicity upsurges with hyponatremia and acidosis (19). Moderate
absorption of irrigation fluid during TURP leads to specific metabolic acidosis typical for TURP,
so it can be referred to as “TURP acidosis™ (21,22,23). Following the changes in acid-base status
in TURP was almost ignored. There are some studies that examined changes in different serum
variables, but there are not enough studies to observe the changes in acid-base balance during
TURP. In evaluating and interpreting changes in acid-base status in TURP the Stewart-Conn’s
model can be applied, which is more focused on the impact of serum electrolyte concentrations

on acid-base changes, compared to the conventional Henderson-Hasellbalch approach (20).
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The responsibility for TURP syndrome should be shared by the anesthesiologist and urologist.
The best prevention is choosing a correct surgical technique and preoperative evaluation,
preparation of the patients and appropriate therapeutic measures.

This study analyzed changes in acid-base and electrolyte status in TURP, which indirectly
reveals the absorption of the irrigation fluid into the systemic circulation, and hence early

development and diagnosis of TURP syndrome and acidosis characteristics “TURP-acidosis”.

Objectives

To evaluate changes in acid-base and electrolyte status in TURP. To evaluate the degree of
correlation between acidosis and hyponatremia factors affecting the appearance of TURP
syndrome (duration of the procedure, the weight of the recessed prostatic tissue, the amount of
used irrigation fluid). To determine which of the factors that leads to TURP syndrome can have

the greatest impact on the degree of hyponatremia and the emergence of “TURP acidosis™.

Motive

The motivation for this study stems from the need to evaluate the impact of the duration of the
procedure of TURP on changes in acid-base status and degree of hyponatremia, and therefore
timely to recognize the absorption of larger quantities of irrigation fluid into the systemic
circulation. Timely recognition and treatment of changes in acid-base status and electrolyte
imbalance, particularly prevention, is essential to reduce the possible occurrence of TURP

syndrome, and thus morbidity and mortality in patients treated with TURP procedure.

Materials and Methods

This study included 20 male patients, age 50-80 and ASA classification I-II, scheduled for
elective TURP. The patients were divided into two groups according to the length of the
intervention. Group 1 (n = 9) in less than 60 minutes and Group 2 (n=11) over 60 minutes.
The study excluded patients with heart, lung, kidney disease, patients undergoing transurethral
emergency procedures, patients with severe electrolyte disturbances, patients treated with
diuretics, diarrhea, vomiting, patients with diabetic or other metabolic acidosis. The patients
that had some signs of TURP syndrome at the time of the intervention, and thus needed to be
applied diuretics or hypertonic sodium, were also excluded from the study. All TURP procedures
were performed in general endotracheal anesthesia and all patients underwent pre-anesthetic
assessment and preoperative routine examinations. Before induction of general endotracheal
anesthesia in each patient was inserted an intravenous cannula and was applied solution Ringer
Lactate of 15-20 ml/kg/h (130 mmol/L Na +; 5,4 mmol/L K +; 1,8 mmol/L Ca ++; 112 mmol/L
Cl-, and 27 mmol/L Lactate). In none of the patients were applied colloid solutions, plasma,
blood transfusions and blood derivates. General anesthesia was conducted with propofol (1,5

mg/kg), fentanyl (0,3 mg/kg) and rokuroniumbromid (0,6 mg/kg). After endotracheal intubation,
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anesthesia was maintained with adequate doses of propofol and additional doses of rokuronium.
The mechanical ventilation was performed, so that PaO2 was maintained at 140-200 mm Hg
and PaCO2 of 40 mm Hg. In all patients was set cannula of a.radialis, and samples of arterial
blood were taken before, during and after the intervention. Using a gas analyzer, the samples
were assessed for pH, pCO2, bicarbonate base excess, serum concentrations of Na +, K +, Cl-,

lactates and hemoglobin. The strong ion difference (SID) can be calculated based on the equation:

SID = (Na ++ K +) - (Cl- + Lac-)

During the intervention in each patient was conducted basic monitoring: ECG, SpO2,
noninvasive blood pressure, pulse in minta and PetCO2. The results of the analysis were compared
between the two groups. All the data are normally distributed and presented as mean values
with standard deviation. T-test for statistical analysis and the value of p <0,05 was considered

statistically significant.

Results

The examined parameters gave the following results: There is a statistically significant difference
between the two groups of patients in the size of the recessed prostatic tissue, the total amount
of the used irrigation fluid and the total amount of Ringer’s lactate with TURP. In the second
group of patients, where the duration of the intervention is more than 60 minutes, there was used
a greater volume of irrigation fluid, more infusion of Ringer lactate and the recessed prostatic
tissue was bigger. The concentration of hemoglobin that represents dilution and loss of blood,
showed a significant reduction in both groups of patients, but in the second group of patients,

this reduction was significantly more pronounced in relation to the first group.

Table 1.
Group II (n=11) Group I (n=9)

Infusion of ringer lactate (ml/m?) | 789+294 5244290
Volume of irrigation fluid (L) 1749 11+6

EE ng;‘t’ggé’;‘:t‘l’:z) 12.89+1.46 13.7141.21*

(ar/dl) 11.53%1.58 13.09+1.46
Resected prostatic tissue (gr) 28.6+16.5 20.0+8.9
Length of intervention (min) 103+39 73.3+17*

*»<0.05, intergroup difference, t-test

The changes in pH during TURP were of metabolic origin. pH value decreased significantly
in both groups. The second group had mild development of metabolic acidosis, declination of the
value of HCO3- and base excess (bE) and the first group had significantly, but less declination

in the pH value. Again, small but still significant reductions in HCO3- and bE were observed
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in the first group of patients. The concentration of sodium and chlorine in the serum was
significantly reduced in both groups of patients, and the concentration of potassium in the serum
was unchanged. The lactate was increased in the second and in the first group and the strong ion
difference (SID) had presented a significant reduction in both groups. All these changes in the

parameters were particularly pronounced in the second group of patients where the duration of

the intervention was greater than 60 minutes.

Table 2.

Group II (n=11) Group I (n=9)

t0 tl t0 tl
pH 7.414+0.0049 7.369+0.041* 7.438+0.051 7.41620.0047*
pCO, 38.5+£3.7 39.3£3.0 36.3+4.4 36.3+£3.7
HCO, 24.3+2.3 21.9+2.1 24.7%+1.5 23.7£1.9
BE -0.4+2.5 -0.31£2.6* 0.6+1.9 -0.942.2*
Na* 139.4%2.0 132.6+4.8% 138.6x1.7 135.442.7*
Cl 105.4+2.7 101.6+4.5% 105.1+£3.2 102.8+2.8%
K* 3.6+0.3 3.8+0.3 3.5+0.4 3.6+0.3
Lactate 1.2+0.3 2.3+0.7 1.1+£0.2 1.6+0.57
SID 36.5+£2.8 32.5+2.0* 37.2+2.3 34.6+2.4*

*n<0.05, intergroup difference, t-test 1p<0.05, intergroup difference, t-test

Discussion

TURP is endoscopic intervention with possible complications due to absorption of irrigation
fluid (> 1000 ml) and possibility of occurrence of hypervolemia, electrolyte imbalances,
neurological and circulatory disorders (24). The study of Miyao et al. presented hyponatremia
in patients undergoing TURP [25]. Moskovitz et al. in their study did not reveal significant
electrolyte changes in the use of distilled water for irrigation (26). Safety using distilled water
for irrigation has been described by Shih et al. (27). Norlen and his associates in their study
proved changes in serum sodium at absorbing larger quantities of irrigation fluid (28). For
determining the absorption intensity of irrigation during TURP, more methods can be used.
The method of determination of the standard concentration in expired gas was first postulated
by Hahn. It can detect small absorption of irrigation fluid (100-150 ml) in every 10 minutes
period (29). Hahn RG in its hypothesis presents that the levels of absorption of irrigation fluid
in TURP are associated with the diffusion of sodium ions from the interstitial fluid into the
plasma. Part of this sodium is “captured” and disposed through bleeding and urinary excretion.
The level of trapped sodium increases with the amount of bleeding and two thirds is bound to
plasma loss, and a third with osmotic diuresis. This mechanism contributes to the absolute loss

of sodium from the body (30). Shariat et al. in their study have a different presentation about

| 112 |



Macedonian Journal of Anaesthesia

changes in serum electrolytes. In their study other variables are identified: hypotension (8.3%),
hypertension (7.8%), nausea (6.4%) and vomiting (2.8%) (31). Monitoring changes in serum
electrolyte in TURP, is simple and economical method for indirectly determining the irrigation
absorption (32). This study found slight change in electrolyte and acid-base status because the
patients in who appeared early signs of suspected TURP syndrome were excluded from it. This
was done very carefully because the TURP syndrome is missing stereotypical representation.
This study proved a mild metabolic acidosis in the second group of patients and very discreet
metabolic acidosis in the first group.

We found an increase in serum lactate in the second group of patients compared to
the first group. There are not any accurate data of linear correlation between the increased
lactate concentration and the applying of Ringer lactate. In this study we have eliminated
the possibility of lactic acidosis as a cause of metabolic acidosis and evaluated the changes
in acid-base and electrolyte status caused of irrigation absorption. According to the Stuart’s
model, changes in acid-base status and the development of metabolic acidosis can be
explained by changes in serum electrolyte concentration. The Strong ion difference (SID)
is calculated from the serum concentration of sodium, potassium, chloride and lactate.
Basically, metabolic acidosis is present in both groups (higher for the second patients group)
as a result in reduction of the strong ion difference (SID). The reasons for the reduction in
serum sodium concentration observed in both groups of patients may be due to infusion
of Ringer lactate or absorption of irrigation fluid. In the study of Scheingraber S. and his
associates is described an occurrence of hyperchloremic acidosis with a decrease in serum
sodium (140-138 mmol/L) and increased chlorine serum (104-106 mmol/L), for a period of
2 hours and a rapid infusion of Ringer lactate in patients susceptible to lower gynecological
and abdominal surgery (33). In our study, in both groups was reported a significant decrease
in serum concentrations of chlorine, thus proving that changes in the concentrations of
sodium and chlorine are caused by irrigation absorption predominantly than infusion therapy.
Pronounced metabolic acidosis would be expected in a greater degree of hyponatremia.
Metabolic acidosis present in TURP would be gravely defined as dilutional acidosis (22).
Otherwise the hyperchloraemic acidosis, acidosis described in TURP could be termed as
“TURP- acidosis.”

Conclusion

Due to moderate absorption of irrigation fluid in TURP discrete metabolic acidosis occurs
without clinical manifestations. None of the patients in this study manifested clinical signs of
TURP syndrome. However, more irrigation absorption can lead to pronounced clinical metabolic
acidosis and electrolyte imbalance, and evaluation of electrolyte and acid-base status is of great

importance in patients undergoing TURP in order to reduce the possibility of TURP syndrome.
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EBAJIYAIIUJA HA ITPOMEHHUTE HA AIIUAO-BASHUOT
CTATYC U CEPYMCKATA KOHIEHTPAIIUJA HA
HATPUYM I1PU TPAHCYPETPAJIHA PECEKIIUJA HA
INPOCTATA

AIICTPAKT

BoBen. Tpancyperpanna pecekunja Ha npocrarara (TURP) e enmockorncka yposomika
MHTEPBEHIIN]ja KOja ce KOpUCTU BO TpeTMaHOoT Ha BIIX. MokHa KoMITMKaIMja BO OCTaNKara
TURP e cucremcka ancopniuja Ha XUIOTOHMYHA UPUTALMCKa TeYHOCT no3Hara kako TURP
cunapom. Hue HanpaBuBMe eBastyaliyja BO IPOMEHUTE HA HUBO Ha EJICKTPOJIUTH U aliu/10-0a3HUOT
craryc 3a Bpeme TURP, kopenanuja Ha XunoHarpeMmujata u anujgo3ara co nojasara Ha TURP
CHUHPOMOT U BJIMjaHHETO Ha BPEMETPACHETO Ha MOCTANKaTa Ha HUBOTO HAa XUTIOHATPEMH]ja U
anuao3a.

Metonu u pesyararu: 20 Malky naueHTH 6ea MoJeNeH:u BO 2 TPYNH BO 3aBHCHOCT OJI
OJDKMHATa Ha WHTepBeHIMja: I'pyma 1 (n = 9) manueHTH Kaj KOM WHTEpPBEHIIMjaTa TpaeIie
nomainky ox 60 muH. u rpymna 2 (n = 11) moeke ox 60 muH. Cute TURP npouenypu 6ea nzBeneHu
O] OIIITA aHeCTe3Hja, a KAKO UPUTaHT ce KopucTelle cTepuina Boja. Husoro na Na +, K +u
Cl, pH, bukap6onaru, nakraru, 6a3eH exciiec 1 Hb ce yrBpayBaiiie npeky aprepucka KpB Ipe/i-,
WHTpAa-u MOCTONEPATUBHO.

3akayuounu: [loctoneparuBHuTe BpeAHOCTH Kaj BTOpara rpymna ykaxaa 3HadajHa
XUIIOHATPEMH]a U XUTIOXJIOPEMHU]a BO criopeada co mpeAornepaTHBHUTE BPEAHOCTH M aIl03a CO
nag Ha pH Bpennocra on 7.41 Ha 7.37 Bo ciopenba co mpBata rpymna Ha narueHTH. [I[pomenuTe
BO JIBETE I'PyNH Ha MAIUEHTH C€ JUPEKTHO MPOMOPIIMOHATHHI CO BOJYMEHOT Ha HpUralMoHaTa
TEYHOCT, BPEMETPACHETO Ha MOCTAIKaTa U TEKUHATA Ha PECELIMPAHOTO MPOCTATUYHO TKHUBO.
Bo curte ciayuyam umaie npoMeHH BO UCIUTYBaHUTE Bapujaliu, MITO yKa)XKyBa Ha morpedara
3a clellelke Ha EJIeKTPONIUTUTE U alu0-0a3HUTE MMapaMeTpy Nepu- U MOCTONEPaTUBHO, KaKO
MOXKHOCT 3a paHO OTKpHBame€ U JieKyBawkbe Ha TURP cunapomor.

Kayunu 360poBu: anumio-6asen craryc, upuranuona reqHoct, TURP curmpom.
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ABSTRACT

Introduction: The inhalation of tobacco smoke can substantially raise the level of
carboxyhemoglobin in the blood. The carboxyhemoglobin level can thus identify those people
at risk from any of the diseases associated with the inhalation of tobacco smoke even if carbon
monoxide is not directly implicated in the pathogenesis of those diseases.

Aim: The aim of the study was to investigate the range of carboxyhemoglobin and
methemoglobin in the smoking and non-smoking patients and the effect of pre-oxygenation
with 100% of oxygen on their level. Furthermore, we evaluated the perioperative changes in
carboxyhemoglobin and methemoglobin during surgery.

Material and methods: The study included 20 patients scheduled for urological surgery
under general endotracheal anesthesia, aged 18—60 years without any history of respiratory
disease, divided into two groups. In the study group (n=10) were included patients who were
smoking cigarettes or tobacco pipe, while the control group (n=10) included nonsmokers. In
groups carboxyhemoglobin and methemoglobin levels were determinate pre-operatively (T),
after pre-oxygenation with 100% oxygen before induction in anesthesia (T,) and postoperatively
(T,). The influence of smoking was disregarded in the analysis, because smoking was shown to
increase exogenous and endogenous carbon monoxyde, respectively.

Results: Postoperative carboxyhemoglobin levels were lower than the preoperative, (from 2.2
+1.32SD vs. 2.02 £ 0.65SD) for smoking group and (from 0.56 + 0.29SD vs. 0.44 + 0.21SD) for
nonsmoking group. Postoperative values of carboxyhemoglobin (2.02 £ 0.656 vs 0.44 = 0.211,
p=0.000) were higher in the smoking group compared to nonsmoking group. On the other hand
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values of methemoglobin postoperatively (0.25 + 0.108 vs. 0.29 + 0.070, p=0.33) were lower
in smoking compared with nonsmoking group, but no significant difference was found. In both
groups, methemoglobin increased after pre-oxygenation and postoperative, and there was no
effect of smoking on the changes in methemoglobin.

Conclusion: Changes in carboxyhemoglobin and methemoglobin concentrations in arterial
blood occur during urological surgery, although these amplitudes are small when compared with
carbon monoxide intoxication and methemoglobinemia. It is likely that organ perfusion and
functions are affected by these monoxide gas mediators during urological surgery.

Key words: carboxyhemoglobin, methemoglobin, perioperative, urological surgery.

Coresponding author: Gavrilovska-Brzanov A, University Clinic for Anesthesia reanimation

and Intensive care Skopje, E-mail: gavrilovska.aleksandra@gmail.com

Introduction

The inhalation of tobacco smoke containing up to 5% carbon monoxide can substantially raise the
level of carboxyhemoglobin (COHDb) in the blood (1,2). Levels of up to 16% have been recorded
in cigarette smokers (3), and the COHD level of inhaling smokers is significantly higher than
that of nonsmokers (4). The COHD level can thus identify those people at risk from any of the
diseases associated with the inhalation of tobacco smoke even if carbon monoxide is not directly
implicated in the pathogenesis of those diseases (5).

On the other hand, carbon monoxide (CO) is produced by heme oxygenase (HO) which
catalyzes the cleavage of the porphyry ring of heme. Heme oxygenase activity is high in the
brain, spleen, liver and testis. Heme oxygenase-2 is dominant in the brain and testis, while HO-1
is dominant in the spleen. Heme oxygenase-1 is induced by heme, hemoglobin, hypoxia, oxy-
radicals, cyclic adenosine monophosphate (AMP), heat shock, and cytokines via activation of
the transcriptional process (6,7). However, it still remains unknown whether: surgically induced
stress, sepsis, orchidectomy, splenectomy or hepatic resection in the clinical situation increases
the concentration of HO-1 by induction of the enzyme or decreases it by reduction of the enzyme.

Hemoglobin with ferrous heme is converted to methemoglobin (MetHb) with ferric heme
in the presence of NO or other oxidizing agents, while MetHb is converted to hemoglobin
enzymatically by MetHb reductase (8). Therefore, MetHb is maintained at a constant level.
However, excessive production of MetHb relative to total MetHb reductase activity results in
an increase in MetHb.

The physiological and pharmacological roles of NO have been elucidated extensively
in experimental and clinical models for several decades (9-11). By contrast, CO which is
homologous to NO as a monoxide has only recently been studied as a novel gaseous mediator
for maintenance of circulatory homeostasis and regulation of organ function (12-14). Because
is difficult to metabolize CO in vivo, and CO binds with high affinity to hemoglobin, it is easy
to measure the endogenous production of CO as COHb using spectrophotometry (5).
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Therefore, the aim of the study was to investigate the range of COHb and MetHb in the
smoking and non-smoking patients and the effect of pre-oxygenation with 100% of oxygen on

the level of COHb and MetHb. Furthermore, we have evaluated the perioperative changes in
COHD and MetHb during surgery.

Material and Methods

This prospective clinical study was performed at the Clinic for Traumatology, Orthopedic
Diseases, Anesthesia, Reanimation and Intensive Care Skopje. After obtaining written information
consent from patients, we enrolled all consecutive patients scheduled for elective urologic
surgery under general endotracheal anesthesia, aged 18—60 years, under physiological score
for preoperative assessment of health — ASA (American Society of Anesthesiologists) 1 and 2.
The study excluded all patients having surgery under local or regional anesthesia, patients with
any history of respiratory disease, pregnant patients, and transplant patients. The patients were
assigned into two groups - smokers (smoking >10 cigars or 30 grams of pipe tobacco per week)
(15) and never-smokers (those who had never smoked cigarettes or pipe tobacco) (15).

All patients underwent standard pre-operative protocol for nothing per mouth (for 6 hours) and
premedication with oral Diazepam 5 mg. The standardized anesthesia protocol was commenced
for both groups. After pre-oxygenation with 100% O, for 3 minutes, the induction has started
with midazolam 1-2 mg fentanil (2-10 pg/kg) and propofol (1-2 mg/kg). The intubation was
facilitated with rocuronium bromide 0.6 mg/kg. After two minutes the patients were intubated
and mechanically ventilated with in-haled fraction with a mixture of O2 (50%) and air (50%).
The anesthesia was maintained with continuous infusion of propofol 0,1 - 0,2 mg/kg/min, fentanil
1-2 mcg/kg and rocuronium bromide 0,3 mg/kg.

Arterial blood gas analysis was performed at three time points: T before operation under
respiration with room air; T, - after pre-oxygenation with 100% O, for 3 minutes with 6L/min
flow, and T, - one hour after the operation in post-anesthesia recovery room under respiration
with room air or oxygen inhalation with or without endotracheal intubation.

Carboxyhemoglobin, methemoglobin, total hemoglobin, and partial pressure of carbon
dioxide (PCO, mmHg) and oxygen (PO, mmHg) in arterial blood were measured by blood
gas analyzer (SIEMENS RAPID Point 500 Systems). COHb, and MetHb were analyzed
spectrophotometrically using their specific absorption and reference wavelengths.

Statistical analysis was performed by analysis of variance and differences test. P -value less

than 0.05 was considered as significant.

Results

In accordance with the including criteria, the study enrolled 20 patients in both groups. Between
both groups of patients, the baseline demographic characteristics were similar with respect to
gender, age, weight, height BMI and ASA.
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The baseline demographics and the clinical characteristics of the patients are shown in

Table 1.

Table 1. Demographic and clinical characteristics (Mean + SD).

Parameters Si(l)gp Smokers I?ioﬁ)p Non-smokers p

Sex M/F 7/3 6/4 NS
Age 43.35+ 16.8 4996 £ 11.3 NS
ASA /11 0/10 1/9 NS
BMI (m?) 25.1 3.4 25.4+2.5 NS

Abbreviations: F - female; M — male; ASA- American Society of Anesthesiologist, BMI-Body Mass Index; NS-Not
significant (p > 0.05).

There was a variety of diagnosis and the mostly represented clinical diagnosis at the I and
II group was kidney cancer with 30% in both groups. In table 2 are presented the characteristics

of the surgery. In nonsmoking group 40% of the interventions were laparoscopic and in group

IT were only 30% laparoscopic.

Table 2. Characteristics of the surgery (Mean £ SD).

Surgery Anesthesia time | Operation time | Blood transfusion | Transfusion
Groups . . . .

Open/Laparoscopic |(min) (min) (no/yes) unit
Smokers n=10 |7/3 159 +£52.9 129 +£47.8 5/5 1
l"ﬁ'}sm"kem 6/4 179.5+61.4 146.5+593  |6/4 1.2

Table 3 shows the effect of smoking on the perioperative changes in arterial blood gas
analysis for the control nonsmoking group. In the smoking group, COHb was significantly higher
at all three time points than in the non-smoking group, and decreased significantly postoperatively
from the preoperative value due to mechanical ventilation. In both groups, MetHb increased after

preoxygenation and postoperative, and there was no effect of smoking on the changes in MetHb.

Table 3. Perioperative changes in carboxyhemoglobin and methemoglobin in the Smoking and Non-smoking Group.

TO Tl T2
Group Smokers
n=10
COHb 22+1.32 221+143 2.02+0.65
MetHB 0.17+0.11 0.25+0.15 0.25+0.18
Total HB 143.4+22.1 118.9 £ 31.53 115.4+19.86
PCO, 40.3+5.14 50.48 £ 8.54 47.6+6.2
PO, 78.6 £ 11.7 105.6 £ 25.40 77 +£8.04
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Group Non-smokers
n=10

COHb 0.56 +£0.29 0.53 £0.37 0.44 £0.21
MetHB 0.26£0.15 0.34+£0.24 0.29 £0.07
Total HB 135 +24.87 126.8 +24.49 111.9+19.85
PCO, 403 +5.14 43.3+6.09 41.6 +£6.81
PO, 85.64 £9.74 128.13 £30.67 90.7 £ 10.05

Values are expressed as mean <+ standard error of the mean.

T, preoperative; T,- after preoxygenation; T,- one hour after surgery;
COHb - carboxyhemoglobin, Hb - hemoglobin; MetHb - methemoglobin;

PCO, - partial pressure of carbon dioxide; PO, - partial pressure of oxygen.

The values of the COHb showed a decrease postoperatively (from 2.2 + 1.32SD vs. 2.02
+ 0.65SD) for smoking group and (from 0.56 = 0.29SD vs. 0.44 + 0.21SD) for nonsmoking
group. The average values of COHb between the two groups were statistically significantly
different. At baseline preoperative value (T;) p=0.0019, at the second time point (T)) after
preoxygenation the value was p=0.0021 and at the postoperative time point (T,), p=0.000. As
for the values of the MetHb, showed an increase postoperatively (from 0.17 = 0.11SD vs. 0.23
+ 0.18SD) for smoking group and (from 0.26 + 0.15SD vs. 0.29 + 0.07SD) for nonsmoking
group. The average postoperative values of MetHb between the two groups were statistically
not significantly different. In the baseline preoperative time point T p=0.21, at the second time

point after preoxygenation T, p=0.32 and at the last postoperative time point T,, p=0.33.

2,5
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Graph 1. Change of the average values of CoHb and MetHb in the groups.

Discussion

The presented study was conducted as pilot study and showed how in clinical practice smoking
has influenced on the levels of COHb and MetHb perioperative. The present analysis clearly
indicated that smoking increases exogenous COHb and that the effect of smoking remains even
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after mechanical ventilation. Although it has been reported that reaction of sevoflurane with
soda lime which has not been used for more than 2 weeks generates CO (16), the possibility
was ruled out due to the intravenous anesthesia used in our study and due to high frequent use
of the anesthetic circuit at our hospital.

A significant increase of CO was routinely observed by Levy et al. (17) during general
anesthesia in infants and children when low flow anesthesia was used. In our study we used
normal flow anesthesia in all patients.

The presented study indicated that intubation anesthesia increases MetHb. Although
nitroglycerin and sodium nitroprusside have been reported to cause methemoglobinemia, which
is recognized by cyanosis (18), nitroglycerin and sodium nitroprusside were never used for
hypotensive anesthesia in the present series.

Different from the study of Takeda, were nitrous oxide (N,O) has been used in all cases (19),
but contamination of NO in N O gas was completely negligible. In our study N O was not used,
therefore, the increase of MetHb postoperatively was ascribed to endogenous NO or some other
autoxidizing mechanism which converts ferrous heme (Fe+2) to ferric heme (Fe+3).

The laparoscopic operation creates a pneumoperitoneum with carbon dioxide (CO,), but
blood gas analysis did not indicate retention of CO, at several hours after extubation, or a pathway
which converts carbon dioxide to carbon monoxide. It has also been proposed that laparoscopic
surgery with electric cautery is likely to generate CO due to incomplete combustion of the tissue,
but comparison between laparoscopic (n=4) and open surgery (n=6) in the nonsmoking group
did not show any significant differences in COHb and MetHb. It has also been reported that the
use of electric cautery in the laparoscopic surgery did not increase COHb (20).

Half-life of carboxyhemoglobin is 250 minutes, for the people breathing room air. This is
reduced to 40 to 60 minutes with inhalation of 100% oxygen according to the review article of
Dries (21). In our study preoxygenation with 100% oxygen for 3 minutes before anesthesia and
surgery decreased the level of carboxyhemoglobin.

Locally generated CO is eliminated by Hb in circulating erythrocytes and is gradually released
into the alveolar space of the lungs, where molecular oxygen is alternatively bound to the heme.
Most endogenous generated CO is thus exhaled into the airway, and the alveolar oxygen tension
determines the exchange rate between oxygen and CO (5). For these reasons, COHb in blood
samples collected from patients could be altered by multiple factors such as surgical insults,
hemoglobin concentrations, tissue oxygenation and pulmonary function (22). In this study, we
chose patients who did not suffer from obvious respiratory or inflammatory disease, and we fixed
the inspired oxygen fraction at 0.5 during the study except for the period of preoxigenation. We
tried to maintain Hb concentrations > 100 mg/DI, so that Hb concentration at sampling time did
not differ between groups and were not correlated with COHb concentrations.

Carbon monoxide binds to hemoglobin to form COHb without oxygen-carrying capacity

because of its 200 times stronger affinity, compared to oxygen. When COHDb reaches to 10% of
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total hemoglobin, namely around 10 mg/mL, CO intoxication appears as working disability and
headache. When the concentration exceeds 30%, consciousness is lost. Thus, CO is known as a
toxic gas [3]. Nevertheless, inducible and constitutive heme oxygenizes that produce CO from
heme proteins are inherent in the human body, and the physiological role of CO as a toxic gas
has yet to be elucidated completely. In the present study, the amplitude of COHb changes was
not so large as compared to CO intoxication.

Because MetHDb lacks oxygen carrying capability, methemoglobinemia is regarded as a
causative factor of hypoxia. The body is equipped with methemoglobin reductase to eliminate
MetHb from the blood (23). The amplitude of changes in MetHb during urological surgery is
also rather small compared to methemoglobinemia, which causes cyanosis. However, since
the generation velocities of these two monoxides fluctuate during urological surgery, these gas
mediators are likely to affect organ function, although the present study does not investigate
the effects.
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IHEPUOIIEPATUBHU ITPOMEHUN HA
KAPBOKCUXEMOIVIOBUH U METXEMOIJIOBUH

ABCTPAKT

Bogen: [lymemero murapu ro 3rojeMyBa HUBOTO Ha KapOOKCHXEMOITIOOWH BO KPBTA.
OnpenyBameTo Ha HUBOTO Ha KapOOKCHXEMOIIIOOHH BO MOIYNAIMjaTa, MOXe Jla TH HIeHTH(PUKYBa
JTyf'eTo CO 3roJIeMEeH PU3HK 32 pa3Boj Ha OOJIECT MOBP3aHa CO MyIICHETO, AYPU U BO CIIydau Kora
KapOOH MOHOKCHJIOT HE € AUPEKTHO UMIUTMLIMPAH BO UCTATA.

Hea: Ilenta Ha 0BOj Tpyn Oeme ga ce ompenelu HUBOTO Ha KapOOKCHMXEMOTIIOOWH H
METXeMOITIOOMH KaKo U Jia Ce eBaJllyHpaaT HUBHUTE NEPUONIEPATUBHHU IMPOMEHH Kaj MallueHTH
nyla4yu ¥ MaluMeHTH Henymadu. BoeaHno, ce ananusupaiie U epekToT Ha MpeoKCUreHalujara
co 100% kuciopon Ha HUBOTO Ha KApOOKCHUXEMOITIOOUH ¥ METXEMOITIOOHH.

Marepujaa u meron: Cryaujara Bkiayuysa 20 MalMeHTH Ha KOM UM € 3aKa)kaHa eJIeKTHUBHA
ypOJIOIlIKa MHTEPBEHIIMja CO OIIITAa eHJ0TpaxeaaHa aHecTes3nja, Ha Bo3pact o 18—60 roaunu,
0e3 JTMYHAa aHaMHe3a 3a pecnupaTopHO 3a00yBame, MOACICHH BO JABe Tpynu. McnutyBana
rpyna nymaun (n=10) u koHTponHa rpyna He-mymayu (n=10). KapbokcuxemornoOuHOT
¥ METXEMOTJIOOMHOT Oea oapeayBaHu BO TpU BpeMmumba: npeponeparusHo (T,), mocie
npeokcurenanuja co 100% xucnopon (T,) u mocroneparusHo (T,).

Pesyararu: [locronepatuBHUTE BPEAHOCTH HAa KapOOKCUXEMOTIIOOMH BO UCIUTYBaHATa
rpyna mymiadu 6ea HIOBHCOKH O BPETHOCTUTE Ha KOHTpoJIHaTa rpyna Hemymadu (2.02 + 0.656 vs
0.44£0.211, p=0.000). ITocTonepaTuBHUTE BPEAHOCTH Ha KAPOOKCHUXEMOTIIOOUH CITOPEIEHO CO
MpeonepaTuBHUTE Oea MOHUCKH BO JBETE UCcnuTyBanu rpynu: (2.2 + 1.32SD vs. 2.02 £ 0.65SD)
mymragan ¥ (0.56 £ 0.29SD vs. 0.44 = 0.21SD) venymrayu. BpenHoctuTe Ha METXeMOTTIOOMHOT O]
Jpyra cTpaHa nak Oea IOHMCKH BO KOHTPOJIHATA TPpyTa HEMyIa4d CIIOPECHO CO BPEAHOCTHTE
Ha UCIHUTyBaHaTa rpyna nymauu. Ho, BpeqHoctute He Oea ctaructiuku curaugukantau (0.25 £
0.108 vs. 0.29+0.070, p=0.33). Bo nBeTe rpynu BpeAHOCTUTE HA METXEMOTIIOOMH Oea MoKa4eHH
KaKo ITOCJIe MPEeIOKCUTEHAI]aTa, Taka ¥ MOCTONEePAaTUBHO, 0€3 CTAaTUCTHYKN CUTHU()UKAHTHA
pas3irKa Ha BPEIHOCTUTE TIOMETy TPYIIUTE.

3akaydok: Mako ce ciydyBaar HECUTHH(HUKAHTHU MMPOMEHH BO BPEIHOCTHTE Ha
KapOOKCHXEMOTIIOONH M METXEMOTTIOOMH BO TEK Ha YPOJIOIIKYA HHTEPBEHIIUH, CETIaK Ce CMEeTa JIeKa
OBHE IMPOMEHHU CE MHOT'Y MaJIH 3a Jla MOXAT Jia BIUjaaT Ha opraHckara nepdysuja u GyHKIuja.

Kay4nu 360poBH: KapOOKCHXEMOTTIOONH, METXEMOITIOONH, IEPUOTIEPATUBHH, YPOIIOIIKA

OIepalHH.
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