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RELEVANCE OF THE POINT-OF-CARE DEVICE 
HEMOCHRON  SIGNATURE ELITE® IN PATIENTS 

WITH CIRRHOSIS DURING  ORTHOTOPIC 
LIVER TRANSPLANTATION

HELENE BELOEIL1,2, ETIENNE DELAVAL1, BENOIT BOURDET3,  
PIERRE GUERET4, SOPHIE VOISIN5, BRUNO LAVIOLLE6,7 

AND SINCENT MINSILLE3,81∗

Abstract

Purpose: Real-time monitoring of hemostasis is believed to facilitate clinical care during 
surgery in some circumstances including orthotopic liver transplantation. The aim of this study 
was to compare International Normalized Ratio (INR) measurement by the point-of-care device 
Hemochron signature Elite® (HC) with the corresponding measurements provided by a central 
laboratory during orthotopic liver transplantation.

Methods: Patients undergoing orthotopic liver transplantation were included in this 
observational prospective study in two tertiary hospitals (Rennes, Toulouse) in France. Central 
laboratory and HC measurements of INR were assessed throughout the orthotopic liver 
transplantation. The agreement between the INR measurement by the POC device Hemochron 
Signature Elite® (HC) and the corresponding measurement provided by the central laboratory 
during liver transplantation was measured.

Results: Thirty patients (143 pairs of measurements) were analyzed. The median (25th-
75th percentile) INR as assessed by the central laboratory was 1.83 (1.42-2.06). The correlation 
coefficient between the 2 methods was 0.76 (P < 0.001). The bias was 0.08 with an upper limit 
of agreement of +1.44 (mean +1.96 SD) and a lower limit of -1.29 (mean -1.96 SD). As INR 
increased, sensitivity decreased and was inferior to 50% when INR was >2.

Conclusion: HC cannot be recommended for routine management of orthotopic liver 
transplantation.

Keywords: cirrhosis, othotopic liver transplantation, point-of-care devices
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Implication statement: INR and its measurement 
by the point-of-care device Hemochron signature 
Elite® has been presented as a useful tool during OLT 
and is used by some clinicians. We report here that it 
is associated with a low sensitivity in cirrhotic patients 
and cannot be recommended for routine management 
of OLT.

Introduction

Rapid assessment of the International 
Normalized Ratio (INR) is believed to facilitate 
clinical care in some circumstances. A perfect tool 
would provide clinicians with ‘real-time’ accurate 
INR results enabling appropriate decisions. The point-
of-care (POC) device Hemochron signature Elite® 
(HC) provides determination of INR. It was initially 
developed to monitor oral anticoagulation treatment1 
It was also evaluated during acute hemorrhage2 and 
hemorrhagic surgery3 with contradictory results. 
During orthotopic liver transplantation (OLT), 
two previous studies concluded with a partially 
good reliability of HC4,5. However, one study was 
retrospective, including few measurements5 and 
both studies did not detail the cirrhotic status of 
the patients. This is of importance because INR 
cannot be interpreted identically in patients with or 
without cirrhosis. In patients with cirrhosis, blood 
coagulation is probably rebalanced towards normality 
because of the parallel reduction of procoagulant and 
anticoagulant factors6. Conventional coagulation 
tests probably do not reflect the whole coagulation or 
the risk of bleeding or thrombosis in these patients. 
During OLT, when patients have been transfused 
and diluted, hemostasis data are probably even more 
difficult to interpret. In contrast, INR is correlated 
with liver dysfunction in non-cirrhotic patients. 
Despite these contradictory observations, INR is 
widely used to calculate the patient’s Model for End-
Stage Liver Disease (MELD) score, which is used to 
prioritize candidates for liver transplantation. INR 
has also been presented as a useful tool to assess 
risk factors for bleeding during OLT7. Indeed, some 
clinicians are using HC during OLT to guide the 
transfusion. Our clinical experience with HC during 
OLT suggested that it was not accurate in cirrhotic 

patients. Therefore, before implementing HC during 
OLT to manage transfusion in our centers, we design 
a study to compare INR measurement by the point-of-
care (POC) device Hemochron signature Elite® (HC) 
with the corresponding measurements provided by a 
central laboratory during OLT.

Patients and Methods

Study design

This prospective observational study was 
simultaneously conducted in two French university 
hospitals (Rennes and Toulouse) between January 2013 
and January 2014. This study was performed according 
to the declaration of Helsinki. The institutional 
review board of the hospital (chairperson Dr Conil 
JM, University hospital of Toulouse, 1 avenue Jean 
Poulhès, 31059, Toulouse, France) gave its approval 
(registration n°39-0613) on July 2012. Blood tests 
used in this study are part of medical routine testing. 
Consent to participate in the study and consent to 
publish was orally obtained from each patient. Written 
informed consent was not required in accordance with 
French regulation.

The primary outcome tested was the agreement 
between the International Normalized Ratio (INR) 
measurement by the POC device Hemochron 
Signature Elite® (HC) and the corresponding 
measurement provided by the central laboratory 
during liver transplantation. All patients older than 
18 years and undergoing liver transplantation were 
eligible. The absence of investigators was the only 
non-inclusion criteria. Management of the patients 
during liver transplantation was left completely 
to the discretion of the physician in charge. The 
physician was blind to the results of the POC. 
Both institutions› protocols for managing liver 
transplantation were similar and included biological 
parameter measurements 5 times during the surgery: 
1) after surgical incision (T0), 2) after hepatectomy 
and before clamping the vena cava (T1), 3) after 
venous anastomosis and unclamping the vena cava 
(T2), 4) 30 minutes after unclamping the vena cava 
(T3), 5) at the end of surgery (T4). Blood samples 
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were drawn through a non-heparinized arterial 
catheter. Biological parameters included coagulation 
(PT, INR) and HC samples. The following data were 
recorded: sex, age, clinical severity scores (CHILD 
score, MELD score)8, etiology of hepatic dysfunction 
and amount of blood products transfused.

POC Hemochron Signature Elite® 
measurements

HC device technology relies on the optical 
detection of clot formation. Blood samples were 
placed in cuvettes and loaded into the HC (Laboratoire 
Gamida, ZA des Alouettes, Eaubonne, France). 
Manufacturer instructions were followed as described 
on the package insert of the HC cuvette. Results were 
obtained in less than 5 minutes.

Laboratory assays

Whole blood was collected with 2.7mL 0.109M 
BD Vacutainer™ Plus Plastic Citrate Tubes (Le Pont 
de Claix, France) and was centrifuged at 2,500g for 15 
minutes at 20°C at the central laboratory. PT/INR was 
determined using a STAR Evolution automaton and 
the thromboplastin reagent was an STA Neoplastin CI 
plus (ISI 1.28). All were supplied by Stago (Asnieres, 
France). Briefly, fifty microliters of plasma sample 
were incubated for 240 seconds at 37°C and mixed with 
one hundred microliters of calcium thromboplastin. 
Results from the central laboratory were obtained in 
approximately 45 minutes.

Statistical analysis

All statistical analyses were performed using 
SAS software ver. 9.3 (SAS Institute, Cary, NC). Data 
are presented as frequency (corresponding percentage) 
for qualitative variables and as mean ± SD or median 
(interquartile range (IQR)) in case of non-normality 
for continuous variables. Correlation between the two 
methods was estimated using the Spearman correlation 
coefficient. Agreement and bias were calculated 
according to the Bland-Altman method for repeated 
measurements9. For all analyses, a P value < 0.05 was 
considered as statistically significant.

Results

During the study period, 167 patients were 
screened and 30 were included in the study (Fig. 1). 
Demographics and transfusion data are shown in Tables 
1 and 2. All patients had cirrhosis. Blood samples 
were obtained at the 5 predetermined times for all of 
the patients. Seven measurements were discarded for 
technical reasons. Consequently, 30 patients and 143 
pairs of measurements were analyzed. The median 
INR measured by the central laboratory was 1.83 
(IQR: 1.42-2.06). The correlation coefficient between 
the 2 methods was 0.76 (P < 0.001). The bias between 
the HC measurements and the central laboratory values 
was 0.08 with an upper limit of agreement of +1.44 
(mean: + 1.96 SD) and a lower limit of -1.29 (mean: 
-1.96 SD) (Fig. 2). The predictive performance of the 
HC to detect an increased INR is displayed Table 3. As 
INR increased, sensitivity decreased and was inferior 
to 50% when INR was >2 in the whole population and 
in Child C patients.

Table 1 
Patient characteristics

Number 30 patients
Gender (M/F) 27 (90%) / 3 (10%)
Age (year) 58 (55-61)
CHILD score:
A
B
C

12 (40%)
6 (20%)
12 (40%)

MELD score 15 (10-20)
Etiology:
Alcohol
Hepatitis C virus
Dysmetabolism
Acute hepatitis
Sclerosing cholangitis
Parasites
Primary biliary cirrhosis
Re transplantation

23
6
3
1
1
1
1
1

Hepatocarcinoma 9 (30%)
pH 7.32 (7.25-7.38)
Calcium (mmol.litre-1) 1.98 (1.81-2.13)
Fibrinogen (g.litre-1) 1.7 (1.48-2.27)
Hb (g.dlitre-1) 10.4 (9.4-12.4)
Platelets (G.litrel-1) 74 (49-106)
Factor V (UI.dlitre-1) 40 (30-52)
Laboratory INR 1.73 (1.4-2)
INR HC® 1.6 (1.4-1.8)

Data are presented as frequency (%) for qualitative variables, mean (range) 
for age, and median (25th-75th percentile) for the other continuous variables. 
Hb: hemoglobin, HC: hemochron.
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inferior to 50% when INR was >2, indicating that HC 
is not accurate for routine management of orthotopic 
liver transplantation.

HC is calibrated for normal platelets and 
hemoglobin counts and uses whole blood to determine 
INR whereas laboratory assay uses plasma. Low 
platelets or hemoglobin could affect the results of 
HC. These methodological differences could explain 
our results. The lack of agreement between HC and 
laboratory assay is in accordance with previous studies 
realized in the context of acute hemorrhage2 or cardiac 
surgery10. Only two previous studies have reported 
the use of HC in the context of OLT. Herbstreit et al. 
concluded with good agreement between laboratory 
assays and HC in measuring PT4. However, a look 
at the results in detail revealed a tendency towards 

Table 2 
Transfusion data

RBC (units) 7.2 ± 5.4
FFP (units) 9.2 ± 5.8
Platelets (units) 1 ± 1.04

Data are presented as mean +/- SD. RBC units = red blood cells 
units, FFP = fresh frozen plasma.

Table 3 
Predictive performance of the INR-HC® measurement for clinical decision-making 

in the whole population and among Child C patients
Sensitivity (%) Specificity (%) PPV (%) NPV (%)

All
patients

Child C
patients

All
patients

Child C
patients

All patients Child C
patients

All 
patients

Child C
patients

INR > 1.5 74 78 78 44 88 88 59 27

INR > 2 44 52 97 91 86 80 80 74

INR > 2.5 25 40 98 94 63 57 89 88

INR > 3 20 25 98 94 25 25 97 94

PPV: positive predictive value, NPV: negative predictive value.

Fig� 1 
Flow chart of patients

Discussion

Despite a statistically significant correlation in 
the measurements of INR by the central laboratory and 
by HC, as INR increased, sensitivity decreased. It was 

Fig� 2 
Bland-Altman diagram of the difference between the 

Hemochron INR and central laboratory INR  
measurements vs� the mean of the Hemochron INR and 

laboratory INR measurements�



M.E.J. ANESTH 24 (3), 2017

185HEMOCHRON SIGNATURE ELITE® DURING ORTHOTOPIC LIVER TRANSPLANTATION

an underestimation of PT values in the range of 10-
20s and an overestimation when PT values were 
higher than 30s4. This latter result, i.e. a discrepancy 
for high values, is similar to our results. A recent 
retrospective report5 concluded with accuracy of HC 
prior to hepatic reperfusion. However, this latter study 
was retrospective, including fewer measurements per 
patient (only 3). Both studies did not detail the cirrhotic 
status of the patients. This is of importance because 
INR cannot be interpreted identically in patients 
with or without cirrhosis. In patients with cirrhosis, 
low PT and high INR are not necessary associated 
with increased bleeding11. These tests do not reflect 
the whole coagulation balance in these patients. The 
modern concept of rebalanced hemostatic status in 
cirrhosis6 is now recognized as the most accurate. 
However, many decisions are still based on PT and 
INR in these patients11. Our results showed that in 
cirrhotic patients during OLT, HC was not reliable to 
evaluate INR. Rapid assessment of INR is then not 
available during OLT. Indeed, bleeding risk during 
OLT is thought to be multifactorial and not only due 
to the coagulopathy. Portal hypertension, endothelial 
dysfunction, bacterial infections, and renal failure 
could increase the risk of bleeding in cirrhosis12.

Aside from using INR as an assessment of the 
coagulation status, it has been proposed to guide 
the transfusion during OLT. INR > 1.6 was shown 
to be a risk factor for massive transfusion bleeding 
during OLT7. In the later retrospective publication 
on HC during OLT, which reported accuracy of HC 
prior to hepatic reperfusion, plasma transfusion was 
recommended when INR was higher than 1.85. Clinical 
experience and previous publications have shown that 
practices vary widely13,14, mostly because decision of 
transfusion during OLT is not only based on biological 
parameters. Indeed, many other factors contribute to 
in bleeding risk during OLT15. The severity of the liver 
disease, the degree of portal hypertension, the renal 
failure, the acidosis, the hypothermia, the surgical 
difficulties and the appreciation of the operative field 
during the intervention are many factors helping 
in transfusion decision-making16. These factors are 
difficult to quantify and some clinicians deemed rapid 
assessment of PT or INR necessary. Careful clinical 
observation of blood loss would be more clinically 
meaningful than correction of coagulopathy and could 

lead to less fluid administration and therefore less 
transfusion17,18. Some authors have therefore proposed 
to cautiously use coagulation profile17. According to 
our results, HC measurement would have identified 
patients with an INR > 2 with a sensitivity of 44% and 
a positive predictive value of 86%. Moreover, some 
samples were discarded because they were defined as 
“out of range” by HC. Not only is the treatment of an 
abnormal coagulation profile a matter of debate, but 
there is also the precision of the tool. HC is not accurate 
enough to influence a decision for transfusion.

The main limitation of our study is the analysis of 
repetitive testing of several patients. We compensated 
for this limit by using the Bland-Altman method for 
repetitive testing9.

In conclusion, comparison of laboratory and 
HC measurements showed a lack of agreement 
and precision. Contrary to the propositions of 
some manufacturers and clinicians, HC cannot be 
recommended for routine management of orthotopic 
liver transplantation.
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KETAMINE INFUSION VERSUS SINGLE BOLUS FOR 
PREVENTION OF TOURNIQUET-INDUCED HYPERTENSION: 

A RANDOMIZED CONTROLLED TRIAL
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Abstract

Background: The prolonged use of a tourniquet can cause tourniquet-induced hypertension 
(TIH). Low dose ketamine has been shown to prevent the incidence of TIH. This prospective 
double blind study was carried out to compare the effectiveness of ketamine infusion versus single 
bolus in preventing TIH.

Method: Patients were randomized into two groups: Group B (ketamine bolus 0.2 mg/kg 
followed by saline infusion) and Group I (ketamine bolus 0.2 mg/kg followed by 2 µg/kg/min 
infusion). A study drug bolus was given prior to tourniquet inflation and infusion was started at 
time of tourniquet inflation. Systolic/diastolic blood pressure and heart rate relative to tourniquet 
inflation and deflation were recorded at 10 minute intervals. Incidence of TIH and ketamine related 
side effects at 30 minutes and 24 hours post-surgery were recorded. 

Results: Fifty two patients were analyzed up to 110 minutes of tourniquet inflation. The 
changes in hemodynamics between Groups B and I were comparable to each other. TIH occurred 
in Group B only (15.4%) but this was not statistically significant (p = 0.114). Two patients in Group 
I developed ketamine related side effects at 30 minutes post surgery.

Conclusion: Ketamine bolus followed by ketamine infusion was found to be comparable to 
a single bolus ketamine bolus given prior to tourniquet inflation in reducing the incidence of TIH 
among patients undergoing lower limb surgery under general anesthesia.

Keywords: Ketamine; tourniquet; hypertension; general anesthesia; tourniquet-induced 
hypertension
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Introduction

Usage of a pneumatic tourniquet is common in 
limb surgery1-4. However, it can cause a variety of 
complications4. Tourniquet inflation causes an increase 
in systemic vascular resistance. This shifts blood 
volume into the central circulation resulting in an 
increase in systolic arterial pressure which is normally 
transient and seen at the beginning of inflation4,5. The 
initial transient increase in systolic pressure averages 
only 18 mmHg in pressure6. A second gradual increase 
in arterial pressure is subsequently seen 30-60 minutes 
after inflation of the tourniquet. Prolonged tourniquet 
inflation results in pain and an increase in heart rate 
and blood pressure4,5,6.

Kaufman et al demonstrated that the overall 
incidence of tourniquet-induced hypertension in 
surgery was 11%6. This did not take into consideration 
the anesthetic technique used. Tourniquet-induced 
hypertension (TIH) is defined as more than 30% 
increase in arterial blood pressure above baseline, 
after tourniquet inflation exceeding 30 minutes1,7. This 
phenomenon develops despite giving adequate general 
anesthesia and can also occur despite adequate regional 
anesthesia8. In order to counteract the resultant increase 
in heart rate and blood pressure, depth of anesthesia 
is usually increased. This opens up the possibility of 
exposing patients to unwanted side effects from the 
anesthetics as well as prolongs time for patients to 
fully recover9.

Various intravenous agents such as 
dexmedetomidine, remifentanil, magnesium sulphate, 
propofol or ketamine have been studied to reduce 
the development of TIH1,2,10-13. Ketamine is a non-
competitive N-methyl-D aspartate (NMDA) receptor 
antagonist. It is used as an anesthetic agent and can 
also be used as a supplement in regional and local 
anesthesia14. Clinical use of ketamine is limited 
however due to psychomimetic adverse effects such as 
hallucinations, bad dreams, dizziness, blurred vision, 
nausea and vomiting. At low doses of 0.1-0.5 mg/
kg, it has an analgesic action especially when given 
preemptively15,16.

Park et al and Satsumae et al demonstrated TIH 
during prolonged tourniquet inflation in orthopedic 
lower limb surgery under general anesthesia1,10. Both 

studies were conducted with a tourniquet inflation 
time of up to one hour. To our knowledge, no studies 
have looked at the effectiveness of ketamine bolus 
when tourniquet inflation time exceeds more than one 
hour. There are also no known studies investigating the 
effectiveness of ketamine infusion on TIH.

We designed this study to evaluate two different 
methods of ketamine administration in the prevention 
of TIH.

Methods

This prospective, double-blind, randomized 
controlled trial was conducted after obtaining our 
institution’s ethics committee approval, from the 
Medical Research & Innovation Secretariat, Universiti 
Kebangsaan Malaysia Medical Centre (UKMMC).

Patients aged between 18 to 60 years old with 
American Society of Anesthesiologists (ASA) physical 
status I or II undergoing lower limb surgery under 
general anesthesia were recruited into the study after 
obtaining their written informed consents. Patients 
with known allergy to the study drug, hypertensive or 
on regular analgesics with/without chronic pain and 
those with a Body Mass Index (BMI) of more than 35 
kg/m2 were excluded.

Randomization codes were generated using 
computerized generated randomized numbers into 
two arms and were then concealed into opaque non-
translucent white envelopes in sequential numbers. 
Upon obtaining informed consent, each sequential 
numbered envelope was opened and patients 
were allocated using the codes into two groups: 
Group B (ketamine bolus 0.2 mg/kg, followed by 
saline infusion as placebo) and Group I (ketamine 
infusion-0.2 mg/kg bolus followed by 2 µg/kg/min 
ketamine infusion).

The study drugs were prepared and labelled by 
the primary investigator according to the patients study 
number. Intravenous (IV) bolus preparation was done 
in a 10 ml syringe containing 0.2 mg/kg of ketamine 
diluted in an isotonic sodium chloride solution. A 
20 ml syringe was used for IV infusion preparation, 
containing either 50 mg ketamine in isotonic sodium 
chloride or plain isotonic sodium chloride solution as 
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placebo. The attending anesthetists who collected the 
data were blinded to the content of these syringes.

Preoperatively, oral midazolam 7.5 mg was 
given as premedication to all patients prior to being 
sent to the operating theater. In the operating room, 
intravenous access using an IV cannula (20 Gauge) 
was established and standard monitoring applied with 
continuous electrocardiography, non-invasive blood 
pressure, and pulse oximetry. Before induction of 
anesthesia, a baseline blood pressure and heart rate 
was recorded. Anesthesia was induced with 2 mg/kg 
of propofol and 1 µg/kg of fentanyl. IV morphine of 
0.1 mg/kg was given as analgesia. An appropriately 
sized Proseal Laryngeal Mask airway (PLMA) was 
used to secure the patient’s airway and capnography 
was monitored continuously. Anesthesia was 
maintained with sevoflurane in oxygen, and its end-
tidal concentration was adjusted to attain a Minimum 
Alveolar Concentration of 1.1-1.3 in 50:50 oxygen 
mixed with air.

Both groups received the IV bolus of the study 
drug just prior to tourniquet inflation. A pneumatic 
tourniquet, Automated Tourniquet System (A.T.S. 
2000), was applied to the relevant limb and inflated 
at 100 mmHg above the systolic blood pressure. A 
tourniquet cuff size of 15 cm for the lower limb was 
used. At the time of tourniquet inflation, infusion of the 
respective study drugs was then commenced at a rate 
of 2 µg/kg/min.

The time of tourniquet inflation was denoted as 
time at 0 minute. Systolic and diastolic blood pressure 
and heart rate (HR) were documented at 10 minute 
intervals. During the study period, we defined a patient 
developing TIH when the systolic blood pressure 
(SBP) increased to more than 30% of baseline value 
after 30 minutes of tourniquet inflation time. If the 
SBP or DBP remained raised above 30% from baseline 
values following three rescue boluses of IV fentanyl 
0.5 µg/kg, then IV labetalol 2.5 mg boluses were given.

The infusion of the study drug or placebo was 
stopped after tourniquet deflation. At the end of surgery, 
anesthesia was discontinued and PLMA was removed. 
The BP immediately after tourniquet deflation was 
documented. Post-surgery patients were screened 
twice for possible ketamine-related side effects such 

as hallucinations, nightmares, agitation and delirium. 
These were managed accordingly and patients 
reassured that the effects would be transient. This was 
done at 30 minutes post-surgery in the recovery area 
and at 24-hours post-surgery in the ward by anesthetic 
trainees on duty who were blinded to the allocation of 
the drug regime given.

Statistical Analysis

The sample size estimation was derived using 
the mean maximum systolic blood pressure and 
standard deviation, based on a previous study done 
by Elmawgood et al�12 Using a power and sample size 
calculator program version 3.1.2 (2009), 23 patients 
per group were calculated using Student’s t-test. With 
the alpha (α) value of 0.05 and power of 80% while 
allowing for an additional dropout rate of 10%, our 
study required 52 patients in total.

Data analyses were performed using the IBM 
Statistical Package for the Social Sciences (SPSS) 
Statistics for Macintosh version 23 Armonk, New 
York. Numerical data were analyzed using Student’s 
t-test. Categorical data were analyzed using Chi-square 
test. A p value of <0.05 was considered statistically 
significant.

Results

Fifty-two patients were recruited into the 
study. There were no significant differences in the 
demographic data between the two groups as shown 
in Table 1.

There was no significant difference in baseline 
mean SBP between the two groups before induction 
of anesthesia. There was a significant reduction in SBP 
from baseline in Group I at 30 minutes and 40 minutes 
of tourniquet inflation. In Group B, the SBP was 
significantly higher at 80, 90, 100 and 110 minutes of 
tourniquet inflation compared to baseline. There was 
no significant difference in SBP between both groups 
throughout the study period. 

There was no significant difference in baseline 
mean DBP between the two groups before induction of 
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anesthesia. A significant difference in DBP compared 
to baseline at 100 minutes was seen in Group B. The 
DBP in Group B was significantly higher at 80 and 90 
minutes when compared to Group I.

There was no significant difference in baseline 
HR between the two groups before induction of 
anesthesia. HR in Group B was significantly increased 
compared to baseline from 10 minutes to 110 minutes 
tourniquet inflation time. No significant heart rate 
changes were seen in Group I when compared to their 
baseline. A significant difference was seen between the 
two groups at the 110 minute tourniquet inflation time. 

Four out of 26 patients in Group B showed TIH 
(15.4%). In Group I, none of the patients developed 
TIH. However, there was no significant difference 
between the two groups (p= 0.114). None of the 
patients required any boluses of IV labetalol to treat 
TIH (Table 2).

Two patients from the Group I exhibited 
ketamine-related side effects (hallucinations and 
nightmares) at 30 minutes post-surgery and none at 
24 hours post-surgery. None of the patients in Group 
B had ketamine-related side effects. There was no 
significant difference in ketamine related side effects 
between the two groups (p = 0.205).

Discussion

Our study showed interesting patterns of 
cardiovascular (CVS) parameter changes in both 
groups. The SBP rise seen in Group B are similar 
to some previous studies1,2. Takada et al studied 
awake volunteers while Park et al investigated 
patients undergoing lower limb surgery under general 
anesthesia, where both administered 0.1 mg/kg bolus 
dose of IV ketamine prior to tourniquet inflation in 
their studies1,2. The maximum tourniquet inflation 
duration of about 45 minutes was taken in the study 
by Takada et al and 60 minutes in the study by Park et 
al1,2. Similarly, both studies observed significant SBP 
rise in the control arms (saline only) and insignificant 
SBP changes in the ketamine groups from baseline 
during tourniquet inflation. When the ketamine groups 
were compared to control groups up to 60 minutes, 
they were not statistically different. In contrast to 
both studies which limited the duration of tourniquet 
inflation time up to one hour, we administered a 
higher bolus dose of 0.2 mg/kg IV ketamine and did 
not limit the duration of tourniquet inflation time 

Table 1 
Demographic data and duration of tourniquet are expressed as 

mean (SD) or number (percentage)

Group B
(n = 26)

Group I
(n = 26)

Age (years) 45.0 ± 11.6 44.7 ± 12.5

Gender Male 16 (61.5%) 11 (42.3%)

Female 10 (38.5%) 15 (57.7%)

ASA I 15 (57.7%) 19 (73.1%)

II 11 (42.3%) 7 (26.9%)

BMI (kg/m2) 24.9 ± 3.0 25.3 ± 4.1

Duration of 
tourniquet 
(minutes)

98 ± 8 103 ± 13

Table 2 
Incidence of Tourniquet-induced hypertension between Group 

B and Group I at each 10 minute intervals of tourniquet 
inflation, expressed as number and percentage in parentheses 

where appropriate

Duration of 
tourniquet 
inflation 
(minutes)

Group B
(n = 26)

Group I
(n =26 )

30 1 (3.8%) 0 (0.0%)

40 0 (0.0%) 0 (0.0%)

50 0 (0.0%) 0 (0.0%)

60 0 (0.0%) 0 (0.0%)

70 0 (0.0%) 0 (0.0%)

80 2 (7.6%) 0 (0.0%)

90 3 (11.5%) 0 (0.0%)

100 1 (10%) 0 (0.0%)

110 0 (0.0%) 0 (0.0%)
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taken. We were able to demonstrate insignificant SBP 
changes from baseline up to 80 minutes of tourniquet 
inflation duration in the bolus group. Therefore, we 
postulate that the larger bolus dose used in our study 
allowed us the extension of the duration of tourniquet 
inflation without causing significant SBP changes. 
This duration was further extended up to 110 minutes 
as shown in our study when the bolus administration 
was followed by an infusion of IV ketamine during 
tourniquet inflation. 

When IV ketamine was administered as such in 
our study with an infusion, we observed better CVS 
parameter profiles when compared to their baseline 
readings. Satsumae et al postulated that the activation of 
NMDA receptors may contribute to the cause of arterial 
blood pressure increase during tourniquet inflation10,13. 
These findings suggest that a bolus dose followed by 
an infusion of IV ketamine during tourniquet inflation 
may delay the first peak effects of tourniquet inflation 
and delay the onset of any significant SBP changes 
from baseline as ketamine infusion results in continued 
deactivation of the NMDA receptors.

Intravenous bolus of low dose ketamine when 
given prior to the inflation of the tourniquet variably 
affects the heart rate following tourniquet inflation. 
Park et al showed that heart rates increased from the 
baseline similar to our study1. However, Takada et al� 
using the same bolus dose as Park et al did not detect 
any significant changes in the heart rate from the 
baseline1,2.and neither did Satsumae et al who used an 
even higher IV ketamine bolus of 0.25 mg/kg10. In our 
study, the heart rates did not change significantly from 
baseline in Group I even when ketamine was infused 
at 2 µg/kg/min.

Few studies had shown that low dose IV ketamine 
bolus prior to tourniquet inflation resulted in a lesser 
percentage of patients developing TIH1,10,17. Park et 
al in their study were not able to detect a significant 
difference of TIH incidence when compared to the 
control group1. Whereas, Satsumae et al using a larger 
bolus dose of IV ketamine 0.25 mg/kg were able to 
demonstrate a statistically significant reduction in 
incidence of TIH when compared to their control 
group10. While these studies looked at how low dose 
bolus of IV ketamine affects the incidence of TIH, our 
study instead compared the incidence of TIH between 

low dose bolus of IV ketamine with and without an 
infusion of IV ketamine during tourniquet inflation. 
To date, no similar study has been done. In our 
study, although TIH was only seen in Group B (15.4 
%), this difference between groups was statistically 
insignificant. This finding would perhaps be stronger 
if we were able to compare it to a control group of 
placebo only.

As there are no earlier studies done using 
ketamine infusion during tourniquet inflation, we did 
not have any reference to base our infusion rate used 
in our study. Thus, we decided on a ketamine infusion 
rate to administer after reviewing the proposed infusion 
regimen by Himmelseher et al18. An increase in 
ketamine-related side effects were not seen in his review 
postoperatively. As a result, we chose an infusion rate 
of 2 µg/kg/min during tourniquet inflation. In contrast, 
we detected ketamine-related side effects 30 minutes 
post-surgery however it was not significant. Previous 
studies reported the safety of infusing IV ketamine for 
a prolonged duration without causing significant side 
effects. Guignard et al studied the use of ketamine 
infusion for approximately four hours to reduce 
perioperative analgesic requirements in abdominal 
surgery while Yeom et al used ketamine infusion 
intraoperatively and continued it postoperatively for 
a total of 48 hours in reducing postoperative pain for 
spinal fusion. No ketamine-related side effects were 
seen in both studies19,20.

This study was not without limitations. Clinically, 
ketamine bolus followed by ketamine infusion 
was better at reducing the incidence of TIH when 
compared to a ketamine bolus alone especially when 
the tourniquet inflation time extended beyond one 
hour. However, this was not shown to be statistically 
significant. The inclusion of a control/placebo only 
group which would have strengthened the study was 
considered at the initial phase of designing our study 
but was later omitted due to ethical reasons. The other 
limitation of our study was the lack of standardization 
of the type of lower limb surgery the patients would 
be undergoing. Nociception stimulation would vary 
according to the type of surgery. The amount of fluids 
used, as well as total blood loss intraoperatively were 
not quantified. These factors could possibly affect the 
CVS parameters. However, we would assume that 
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blood loss during surgery would be minimized due to 
tourniquet usage.

Summary

The administration of IV ketamine bolus 
followed by IV ketamine infusion was found to be 
comparable to IV ketamine bolus alone in reducing 
TIH among patients undergoing lower limb surgery. 
Nevertheless, the infusion of IV ketamine following 
ketamine bolus during tourniquet inflation showed 

better cardiovascular parameter profiles.
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Mean diastolic blood pressure ± SD over time 
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BALANCED VERSUS SALINE-BASED FLUID REGIMEN FOR 
ELECTIVE SUPRATENTORIAL CRANIOTOMY: 

ACID-BASE AND ELECTROLYTE CHANGES
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PETER CHEE SEONG TAN1 AND RHENDRA HARDY MOHAMED ZAINI11∗

Abstract

Background: The aim of this study was to compare the effect of balanced fluid (BF) and 
saline-based fluid (SF) regimen on the acid-base and electrolyte status during elective supratentorial 
craniotomy.

Methods: 56 patients undergoing elective supratentorial craniotomy were randomized into 
two groups; Group BF (n=28) received Sterofundin® ISO ± Tetraspan® 6% and Group SF (n=27) 
received 0.9% normal saline ± Venofundin® 6%. Acid-base, electrolytes, and serum osmolality 
were measured at baseline and postoperatively.

Results: Group SF showed a larger increase in the mean changes of chloride (7.7 ± 4.8 vs. 2.6 
± 3.9 mmol/l, P < 0.001) and a larger reduction in the mean changes of bicarbonate as well as base 
excess (- 3.0 ± 2.1 vs. -1.5 ± 2.3 mmol/l, P = 0.012; -3.1 ± 3.1 vs. - 0.8 ± 3.1, P = 0.009). On actual 
value, Group SF also showed more post operative hyperchloremia and low serum bicarbonate 
as well as base excess. Group BF showed a larger increase in the mean changes of magnesium, 
calcium, and phosphate (0.0 ± 0.2 vs. - 0.1 ± 0.1 mmol/l, P = 0.037; 0.1 ± 0.2 vs. - 0.1 ± 0.3 
mmol/l, P = 0.021; 0.3 ± 0.3 vs. 0.0 ± 0.4 mmol/l, P = 0.013). However, all post-operative levels of 
electrolytes were within the normal range in both groups except more hypercalcemia in Group BF.

Conclusions: BF regimen maintained the acid-base balance and increased in electrolytes 
changes during neurosurgery, whereas SF regimen showed more hyperchloremia with low 
bicarbonate and base excess.

Introduction

The general principles of fluid management for neurosurgical anesthesia are maintaining 
normovolemia and preventing the reduction of plasma osmolality to avoid the development of 
cerebral edema. As the blood-brain barrier allows the passage of water along osmotic gradients, 
plasma osmolality is a determinant of brain water content. Reducing plasma osmolality results in 
edema in normal and abnormal brains1. The other challenges of fluid management during elective 
neurosurgery are prolonged durations of surgeries and risk of intracranial bleeding, which require 
high volumes of intraoperative fluid replacement and blood product transfusion.
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Saline-based fluids (SFs), either crystalloids 
or colloids, are commonly chosen for neurosurgery 
because of their isotonicity with plasma. However, 
their non-physiological levels of chloride may lead 
to hyperchloremic metabolic acidosis after large 
volumes of infusion2,3. The physiologic significance 
of this acid-base abnormality is unclear, although 
animal studies suggest that hyperchloremia causes 
renal vasoconstriction4. The least, it has the potential 
to confuse the diagnostic picture when acidosis is 
present. At the same time, SF is also non-physiological 
in terms of its electrolyte contents.

The search for an ideal fluid therapy for 
neurosurgery is most likely achieved with the recent 
availability of both balanced crystalloid and colloid 
solutions. Balanced fluids (BFs) are isotonic plasma-
adapted fluids, which contain inorganic ions (calcium, 
potassium, or magnesium) and have a smaller chloride 
concentration. Sterofundin® is a current balanced 
isotonic crystalloid solution that contains acetate/
malate instead of lactate as a bicarbonate precursor, 
whereas a current balanced colloid is Tetraspan®, 
which is considered a novel Hydroxyethyl starch 
(HES) 130/0.42. The combination of these two fluids 
has the potential to be an ideal fluid regimen during 
neurosurgery.

The aims of this study were to determine the 
changes in the intraoperative acid-base balance, 

electrolytes, and serum osmolality between BF and SF 
regimens during elective supratentorial craniotomy.

Methods

This was a prospective, randomized, double-
blinded, and controlled clinical trial in a university 
hospital. After obtaining institutional ethics committee 
approval, adult patients (18–65 years old) with 
American Society of Anesthesiologists (ASA) physical 
status I–III, who underwent elective supratentorial 
craniotomy, were included for the study. Exclusion 
criteria were preexisting acid-base and electrolyte 
disturbances, history of allergies to the study solutions, 
coagulopathy, and liver as well as renal impairment.

After obtaining written consent, 56 patients were 
randomly allocated into either Group SF or Group BF. 
Randomization was instituted using a permuted block 
with a size of 4. Patients in Group SF received only SF 
[0.9% normal saline as crystalloid and Venofundin® 
6% (B. Braun, Germany) as colloid], whereas patients 
in Group BF received only with BF [Sterofundin® ISO 
(B. Braun, Germany) as crystalloid and Tetraspan® 6% 
as colloid (B. Braun, Germany)]. The compositions of 
these solutions are shown in Table 1.

Standard monitoring was started prior to the 
induction of anesthesia. Non-invasive blood pressure 

Table 1 
Composition of The Study Solutions in Comparison with Plasma

Parameters Plasma NaCl 
0.9%

Tetraspan® 6% Venofundin® 6%

Na+ (mmol/l) 142 140 154 140 154

K+ (mmol/l) 4.5 4.0 - 4.0 -

Ca2+ (mmol/l) 2.5 2.5 - 2.5 -

Mg2+ (mmol/l) 1.25 1.0 - 1.0 -

Cl- (mmol/l) 103 127 154 118 154

HCO3
- (mmol/l) 24 - - - -

Lactate (mmol/l) 1.5 - - - -

Colloid (g/l) Albumin = 30-52 - - HES 130/0.42/6:1=60 HES 
130/0.42/6:1=60

Theoretical osmolarity (mOsm/l) 291 304 308 296 308

Osmolality (mosm/kg H2O) 287 287 286 292 298
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(BP), heart rate (HR), and pulse oxymetry were 
recorded at pre-induction. All patients received a 
standard general anesthetic regimen. They were given 
intravenous (IV) fentanyl (2 mcg/kg), IV propofol 
(1–2 mg/kg), and IV rocuronium (0.6 mg/kg) during 
induction. Intra-arterial cannulation for invasive BP 
monitoring, central vein cannulation for central venous 
pressure monitoring, catheterized bladder drainage 
for urine output monitoring, and nasopharyngeal 
temperature probe were all inserted after induction. 
Bispectral index (BIS) monitor was also attached after 
induction.

Anesthesia was maintained with total intravenous 
anesthesia using the target controlled infusion (TCI) 
technique using a TCI pump (Space pump, B. Braun, 
Germany). TCI propofol was titrated between 4–8 
mcg/ml with combination of TCI remifentanil between 
2–8 ng/ml. The aim of anesthesia was to maintain BIS 
readings in the range of 40–60. An intermittent dose of 
rocuronium 0.2 mg/kg was given to maintain adequate 
muscle relaxation. A mixture of oxygen with air at total 
flow of 2 l/min and inspired oxygen concentration of 
0.35–0.40 was maintained throughout the surgery. The 
ventilation was set up to maintain an end tidal carbon 
dioxide concentration of 35–40 mmHg.

The crystalloid solutions were administered at 
approximately 4 ml/kg/h in addition to the maintenance 
fluid. The triggers for infusion of HES 6% solutions 
were a systolic BP of less than 90 mmHg and/or a 
reduction of more than 20% from baseline, an HR of 
more than 110 beats/min and/or an increase of more 
than 20% from baseline, and/or urine output of less 
than 0.5 ml/kg/h and/or pulse pressure variations 
of more than 12%. The maximum dose of HES 6% 
solutions allowed was 50 ml/kg. The packed red 
blood cell (RBC) transfusion was considered when 
hemoglobin concentration dropped less than 7 g/dl and 
hemodynamics were compromised during ongoing 
surgical bleeding. Platelet, fresh frozen plasma (FFP), 
and cryoprecipitate transfusion were considered based 
on intraoperative clinical judgement if the bleeding 
was still active after 3–4 pints of packed RBC were 
transfused. The aims were for platelet levels more than 
50 x 109 l-1, a prothrombin time and activated partial 
thromboplastin time greater than 1.5 of the control 
mean, and serum fibrinogen of more than 1.0 g l-1

The arterial blood was sampled immediately after 
intra-arterial cannulation, as the baseline values and the 
postoperative samples were taken after the completion 
of skin closure. These samples were analyzed for 
pH, arterial carbon dioxide (PaCO2), bicarbonate 
(HCO3

-), standard base excess (BE) sodium (Na+), 
potassium (K+), and serum lactate levels using a blood 
gas analyzer GEM Premier 3000 (Instrumentation 
Laboratory, USA), whereas serum chloride (Cl-), 
phosphate (PO4

3-), magnesium (Mg2+), calcium (Ca2+) 
and serum osmolality were analyzed using a COBAS 
Integra® 800 system (Roche, USA).

Statistical analysis was carried out with SPSS 
version 22.0. The demographic data between groups 
were compared using an independent t-test, chi-square 
test, or Fisher’s exact test where appropriate. The 
intragroup and intergroup differences were analyzed 
using an independent t-test or paired t-test where 
appropriate. The results were expressed as means 
and standard deviations (SDs) or frequencies as 
appropriate. The level of significance was determined 
as p < 0.05.

The sample size was calculated based on previous 
study by Wilkes et al5, using Power & Sample Size 
Calculations, version 3.0.10 software. If based on the 
value of mean BE changes, we required 28 patients 
in each group to detect a difference of 4.6 in mean 
changes of BE with an assumed SD of 5, power of 
90%, alpha of 0.05, and consideration of 10% potential 
dropouts. Therefore, for final sample size, we took the 
calculation based on the BE calculation, which was a 
total of 56 subjects.

Results

A total of 56 patients were recruited and divided 
into 28 patients in each group. One patient from Group 
SF was withdrawn from the study, as the patient 
developed major complications intraoperatively and 
the surgery had to be abandoned. This resulted in only 
27 patients in Group SF for analysis. Both groups were 
comparable in terms of demographic data and surgical 
and anesthetic-related parameters (Table 2).

The results of acid-base and electrolytes 
changes are shown in Table 3. Both groups showed 
an increment in chloride from the baseline, but Group 
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SF showed a larger significant increase in the mean 
changes in chloride (7.7 ± 4.8 vs. 2.6± 3.9 mmol/l, P 
< 0.001). Based on the actual post-operative levels, 
Group SF also showed more hyperchloremia than 
Group BF. Group BF showed an increment whereas 
Group SF showed a reduction of magnesium and 
calcium levels from the baseline. The mean changes 

in magnesium and calcium were significantly larger in 
Group BF (0.0 ± 0.2 vs. - 0.1 ± 0.1 mmol/l, P = 0.037; 
0.1 ± 0.2 vs. - 0.1 ± 0.3 mmol/l, P = 0.021). Based on 
the actual post-operative levels, both groups showed 
normal serum magnesium, but Group BF showed more 
hypercalcemia than Group SF. Both groups showed an 
increase in the mean changes of phosphate, but Group 

Table 2 
Demographic Data, Surgical and Anesthetic Related Parameters

Group

Parameters BF
(n=28)

SF
(n=27)

P-value

Age (years) 38.9 ± 15.3 40.6 ± 15.4 0.676

Weight (kg) 63.8 ± 9.4 69.4 ± 14.5 0.092

Height (meter) 1.6 ± 0.1 1.6 ± 0.1 0.552

Sex [n (%)]
male
female

13 (44.8%)
15 (57.7%)

16 (55.2%)
11 (42.3%)

0.341

ASA class [n (%)]
I
II
III

11 (44.0%)
15 (62.5%)
2 (33.3%)

14 (56.0%)
9 (37.5%)
4 (66.7%)

0.285

Diagnosis [n (%)]
Meningioma
Cerebral Aneurysm
Others (metastases,
clival chordoma)

11 (50.0%)
7 (50.0%)
10 (52.6%)

11 (50.0%)
7 (50.0%)
9 (47.4%)

0.983

Duration of surgery (hours) 6.6 ± 1.7 6.7 ± 2.1 0.797

Estimated blood loss (ml) 978.6 ± 409.3 990.7 ± 466.6 0.918

Total fluid transfusion (ml) 4803.6 ± 1796.8 4500.0 ± 1896.4 0.545

Crystalloid (ml) 4500.0 ± 1683.3 4185.2 ± 1732.9 0.497

Colloid (ml) 285.7± 286.4 296.3 ± 286.2 0.892

Packed cells (ml) 810.0 ± 355.7 706.3 ±  367.4 0.431

Blood product (ml)
Fresh frozen plasma
Cryoprecipitate
Platelets

380.0 ± 44.7
133.3 ± 57.7
166.7 ± 57.7

600.0 ± 282.8
200.0 ± 141.4
150.0 ± 70.7

0.468
0.624
0.789

Post op Hb (g/dL) 10.6 ± 0.3 10.7 ± 0.32 0.528

Total propofol TCI (mg/kg/hr) 8.2 ± 3.3 6.9 ± 1.8 0.090

* Data are mean ± SD, or number of patients (%).
ASA Physical Status indicates American Society of Anesthesiologists Physical Status; TCI, Target Controlled Infusion
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Table 3 
Mean of Actual Values and Mean Changes of Electrolytes and Acid Base

Parameters Group P-value
BF (n=28) SF (n=27)

Na+ (mmol/l) Baseline 136.3± 4.1 137.7± 5.0
Post-op 138.9± 3.6 140.2± 6.0
Mean Changes 2.6 ±3.8 2.5 ±4.0 0.933

Ka+ (mmol/l) Baseline 3.4 ± 0.3 3.6 ± 0.5
Post-op 3.7 ± 0.3 3.7 ± 0.4
Mean Changes 0.3 ±0.3 0.1 ±0.6 0.083

Cl- (mmol/l) Baseline 109.2± 5.3 110.1 ± 4.8
Post-op 111.8 ± 5.2 117.8± 5.6
Mean Changes 2.6 ±3.9 7.7 ±4.8 <0.001

PO4
3- (mmol/l) Baseline 1.1 ± 0.2 1.1 ± 0.3

Post-op 1.3 ± 0.3 1.1 ± 0.4
Mean Changes 0.3 ±0.3 0.0 ±0.4 0.013

Mg2+ (mmol/l) Baseline 0.9 ± 0.2 0.9 ± 0.2
Post-op 0.9 ± 0.1 0.8 ± 0.1
Mean Changes 0.0 ±0.2 -0.1 ±0.1 0.037

Ca2+ (mmol/l) Baseline 2.1 ± 0.4 1.7 ± 0.5
Post-op 2.2± 0.3 1.6 ± 0.3
Mean Changes 0.1 ±0.2 -0.1 ±0.3 0.021

pH Baseline 7.47± 0.06 7.42±0.06
Post-op 7.42±0.04 7.36± 0.05
Mean Changes -0.05±0.05 -0.06±0.06 0.301

PaCO2 (mmHg) Baseline 33.1 ± 4.2 33.2 ± 6.1
Post-op 35.0 ± 3.7 34.3 ± 3.1
Mean Changes 1.9 ±5.9 1.1 ±5.9 0.624

Base excess Baseline 1.1 ± 3.2 -2.0 ± 3.7
Post-op 0.3 ± 3.7 -5.0 ± 3.4
Mean Changes -0.8 ±3.0 -3.1 ±3.1 0.009

HCO3
- (mmol/l) Baseline 25.7 ± 3.0 23.3 ± 2.8

Post-op 24.3 ± 3.0 20.3 ± 2.6
Mean Changes -1.5 ±2.3 -3.0 ±2.1 0.012

Lactate (mmol/l) Baseline 1.2 ± 0.6 1.3 ± 0.8
Post-op 1.9 ± 1.2 1.4 ± 0.8
Mean Changes 0.6 ±0.9 0.2 ±0.5 0.025

Albumin (mmol/l) Baseline 32.5 ± 5.1 34.6 ± 4.6
Post-op 27.8 ± 6.1 30.0 ± 5.5
Mean Changes -4.8 ±5.7 -7.7 ±3.8 0.029

Serum osmolality
(mOsmol/kg)

Baseline 285.6 ± 7.5 288.4 ± 8.2

Post-op 294.0 ± 8.7 295.6 ± 11.1
Mean Changes 8.4 8.1 7.2 ±8.1 0.593

*Data are mean ± SD
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BF showed a larger significant increase (0.3 ± 0.3 vs. 
0.0 ± 0.4 mmol/l, P = 0.013). However, the actual post-
operative serum phosphate levels were still normal in 
both groups.

Both groups showed a reduction in the bicarbonate 
levels and base excess from the baseline, but Group SF 
also showed a larger significant reduction in the mean 
changes of bicarbonate levels and base excess (- 3.0 ± 
2.1 vs. -1.5 ± 2.3 mmol/l, P = 0.012; -3.1 ± 3.1 vs. - 0.8 
± 3.0, P = 0.009). The actual post-operative value was 
lower than the normal range only in Group SF. Both 
groups also showed an increase in the lactate levels 
from the baseline, but there was a significantly greater 
mean lactate level increase in group BF (0.6 ± 0.9 vs. 
0.2 ± 0.5 mmol/l, P = 0.025). However, the actual post-
operative value was normal in both groups. There were 
no significant differences in pH, PaCO2, and serum 
osmolality. In general, the hemodynamic parameters 
were stable in both groups.

Discussion

Our study demonstrated that the mean changes 
in chloride indicated a significantly larger increase 
in SF than BF with more hyperchloremia in the 
actual post-operative values. Although the mean pH 
changes were not significant with a normal range 
of actual post-operative pH values in both groups, 
the mean bicarbonate changes and base excess 
demonstrated a significantly larger reduction in SF 
than BF with actual post-operative values also lower 
than the normal range. This demonstrated that SF 
causes hyperchloremia without significant metabolic 
acidosis, but with decreasing changes of base excess 
and bicarbonate levels. In terms of electrolyte profiles, 
our study showed that patients who received BF 
recorded significant larger increases in mean changes 
in magnesium, calcium, and phosphate levels than 
SF. However, based on the actual post-operative 
values, all serum electrolytes were within the normal 
range, except there was more hypercalcemia in BF. 
This demonstrated that BF contributed more toward 
preserving electrolyte status than SF. There were no 
significant changes in terms of serum osmolality and 
PaCO2.

The total BF regimen has the potential to be an ideal 

fluid of choice during neurosurgery, or at least a better 
choice than the SF regimen. We chose a combination 
of Sterofundin and Tetraspan as the BF regimen 
for our study. Sterofundin is an isotonic solution 
that contains full electrolytes and acetate/malate as a 
bicarbonate precursor, whereas Tetraspan is HES 
130/0.42/6:1 in a balanced full electrolyte solution 
with acetate/malate as a bicarbonate precursor as well. 
Theoretically, total BF can prevent hyperchloremic 
metabolic acidosis, maintain the electrolyte profile, 
and prevent cerebral edema compared to SF or lactated 
Ringer’s solution.

The data on the potential benefits of BF in 
neurosurgery are still limited. At the time of our 
literature search, we only found two studies providing 
evidence on the use of BF in neurosurgery population. 
Thirty-six consecutive patients with subarachnoid 
hemorrhage were randomized and double-blinded to 
either 0.9% normal saline and HES dissolved in 0.9% 
normal saline (Voluven® and saline) or balanced 
crystalloid and colloid solutions (Ringerfundin® and 
Tetraspan®) for 48 h. Laboratory samples and fluid 
balance were evaluated at baseline, 24 h, and 48 h. 
The results showed that treatment with SF resulted 
in a greater number of patients with hyperchloremia, 
hyperosmolality, and positive fluid balance >1,500 ml 
early after subarachnoid hemorrhage, while the 
administration of BF did not cause more frequent 
hyponatremia or hypo-osmolality6. This was similar 
to our study in term of hyperchloremia in SF, but our 
serum osmolality was maintained as iso-osmolar in 
both groups. In terms of osmolality changes, our study 
showed that both types of fluid regimens were suitable 
for use in neurosurgery. In another study on brain-
injured patients, either severe traumatic brain injury or 
subarachnoid hemorrhage demonstrated that balanced 
solutions reduce the incidence of hyperchloremic 
acidosis compared to saline solutions. However, 
intracranial pressure did not appear to differ between 
groups7.

Several other non-neurosurgical studies 
have been done on the use of BF regimens. In the 
resuscitation of trauma patients, Plasma-Lyte A, a 
calcium-free balanced crystalloid solution, resulted 
in improved acid-base status and less hyperchloremia 
24 hours post injury when compared to resuscitation 
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with 0.9% normal saline8. In a rat hemorrhagic shock 
model, balanced crystalloid solution with Plasma-
Lyte resuscitation seems to be superior to unbalanced 
crystalloid (0.9% normal saline) in protecting the 
kidneys after hemorrhagic shock. However, neither 
solution was able to correct systemic inflammation or 
oxidative stress associated with hemorrhagic shock9. A 
study in cardiac surgery, comparing 6% HES130/0.4 
balanced (Volulyte; Fresenius Kabi, Bad Homburg, 
Germany) and 6% HES130/0.4 saline (Voluven; 
Fresenius Kabi, Bad Homburg, Germany) for intra- 
and post-operative hemodynamic stabilization, 
demonstrated significantly lower serum chloride 
levels in the HES balanced group, which reflected 
the lower chloride load of similar infusion volumes 
as well as significantly less acidosis10. A study of 12 
healthy volunteers showed that a totally BF concept, 
which is a combination of balanced crystalloid and 
colloid, had similar coagulation effects in vitro as their 
respective combination of unbalanced solutions11. 
The resuscitation of diabetic ketoacidosis patients 
with balanced solution (Plasma-Lyte) results in lower 
serum chloride and higher bicarbonate levels than 
patients receiving 0.9% normal saline, consistent with 
the prevention of hyperchloremic metabolic acidosis12. 
Most of these studies demonstrated hyperchloremia 
in the SF group with or without significant acidosis, 
consistent with our results.

There are few conditions that might lead to 
acidosis related to fluid therapy. Tavernier B et al. 
mentioned four conditions that must be combined for 
plasma expanders-induced acidosis to be observed 
post operatively after major surgery and in intensive 
care: 1) the type of solutions administered is isotonic 
saline-based plasma expanders (typically isotonic 
saline solution alone or as colloid solvent), 2)the 
volume infused is large, 3) the rate of infusion is rapid, 
and/or 4) the renal function is impaired13. Even under 
these conditions, a study by Scheingraber et al showed 
that the administration 6 l of 0.9% normal saline 
over 2 hours during elective gynecological surgery 
only induced mild acidosis, where the pH decreased 
to 7.28 (vs. 7.40 with lactated Ringer’s solution)2. 
In another study, the administration of 50 ml/kg of 
0.9% normal saline over 1 hour to healthy volunteers 
lowered the pH by 0.04 ± 0.04 compared to lactated 
Ringer’s solution, which increased the pH by 0.04 ± 

0.0414. Our study showed that the administration of 
SF for 6.7 hours of surgery with a total volume of 
4.5 liters caused a pH reduction of only 0.06 ± 0.06, 
which was not significant. However, a reduction of 
the base excess and bicarbonate with the presence of 
hyperchloremia still showed a trend toward acidosis. 
This result showed that even though large volumes 
of SF were administered in our cases, the slow rate 
of administration during prolonged neurosurgery 
in patients with normal renal function could have 
prevented the development of significant metabolic 
acidosis.

Little information exists on the clinical 
importance of hyperchloremic acidosis. A study of 
elderly surgical patients showed that it may impair 
splanchnic perfusion5. It may also interfere with 
cellular exchange mechanisms, reduce renal blood 
flow by vasoconstriction, and have a negative effect 
on the glomerular filtration rate15. Several other studies 
have shown that hyperchloremic acidosis caused 
a significant increase in the time to first urination 
and needed significantly more blood products14,16. 
A recent study that examined the association of a 
chloride-restrictive vs. chloride-liberal intravenous 
fluid strategy with acute kidney injury in critically ill 
patients revealed that the implementation of a chloride-
restrictive strategy in a tertiary ICU was associated 
with a significant reduction in the incidence of acute 
kidney injury and use of renal replacement therapy17. 
The extension of this study to another 12 months of 
observation also revealed that the overall impact of 
restricting chloride-rich fluids on acute kidney injury 
remained, even though sensitivity analysis suggested 
that other unidentified confounders might have 
also contributed to fluctuations in the incidence of 
acute kidney injury18. These two studies showed the 
potential effects of hyperchloremia from chloride-
liberal intravenous fluid strategy in ICU to renal 
complications in ICU.

The observation of a better electrolyte profile 
in BF is self-explanatory in view of the presence of 
magnesium and calcium as the constituents in BF. The 
infusion of 10 ml/kg Hextend®, a balanced 6% HES 
in 21 healthy volunteers, demonstrated that plasma 
components remained unchanged during and after 
the infusion, which reflected the benefit of a balanced 
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electrolyte solution in biochemical stability19. Although 
both fluid regimens do not contain phosphate, the 
mean changes in phosphate indicated a significantly 
larger increase in BF. We could not find a plausible 
explanation for these changes. Nevertheless, whether 
these differences have clinical relevance has yet to be 
investigated.

The other advantage of BF given in our work is 
their content of acetate-buffer, which is more stable 
in terms of their influence on plasma pH, HCO3- 
and base access. This finding was demonstrated by 
Hofmann-Kiefer and colleagues in comparison with 
the administration of lactate-based balanced solution20. 
Its clinical relevance is yet to be determined, but small 
differences in the acid-base stability of the concerned 
solutions may be important successively if increased 
volumes of fluids are given, for instance, during 
major surgeries. Furthermore, balanced solutions with 
acetate-buffer also offer another advantage over lactate-
based fluids. Acetate is rapidly metabolized in several 
extrahepatic tissues, especially muscles. Therefore, 

it is less accumulated during shock states or severe 
hepatic impairment. Acetate is also unlikely to result 
in hyperglycemia. Moreover, oxygen consumption 
and carbon dioxide elimination are less affected by 
acetate21. We could not offer a plausible explanation 
for the significantly higher mean changes in the lactate 
levels in the BF regime compared to SF. However, the 
changes did not lead to pH changes, and the lactate 
level only increased 0.62 ± 0.85 mmol/l from the 
baseline. The actual post-operative values were still 
within the normal range in both groups. Furthermore, 
the estimated blood loss was comparable between the 
two groups and indeed slightly lower in Group BF.

In conclusions, the BF regimen demonstrated 
more stable electrolytes, particularly chloride, 
magnesium, calcium, and phosphate levels as well 
as an acid-base balance during prolonged elective 
supratentorial craniotomy. On the other hand, the SF 
regimen demonstrated hyperchloremia with a greater 
propensity to develop metabolic acidosis.
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Abstract

Background: Vascular catheterizations are common in critically ill patients, but are often 
associated with mechanical complications during placement, maintenance and removal. The 
objective of this study is to describe the mechanical complications related to vascular access 
devices, risk factors and associated harm.

Methods: A retrospective study was conducted of all voluntary incident reports of mechanical 
complications related to vascular access devices for the period from March, 2010 to September, 
2012 in a tertiary-care intensive care unit. A tool was developed and validated to assess the 
characteristics and contributing factors. The category of harm was determined by using the National 
Coordinating Council for Medication Error Reporting and Prevention(NCC-MERP) Index.

Results: During the study period, there were 60 incident reports of mechanical complications: 
13 (21.7%) was placement-related, 44 (73.3%) maintenance-related and 3 (5%) removal-related. 
The most frequent placement-related complications were pneumothorax 23.1% and bleeding 
15.4%; with dislodgment 47.7% and accidental migration 40.9% the most frequent maintenance-
related complications. Bleeding was the only removal-related complication. The category of harm 
ranged from Category-C (reached patient with no harm): 23.3%, Category-D (reached patient and 
required monitoring to confirm no harm): 33.3%, Category-E (resulted in temporary harm and 
required an intervention): 40%, Category-F (caused temporary harm and required initial/prolonged 
hospitalization): 1.7% and Category-H (required a life-sustaining intervention): 1.7%.
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Conclusion: Mechanical complications related to 
vascular access devices are not uncommon in critically 
ill patients. The incidence and category of harm of 
such complications are probably underestimated. 
These complications should be targeted for quality 
improvement projects.

Keywords: Incident Reports, Vascular Access, 
catheterizations, Mechanical Complication, Critical 
Care

Introduction

Central venous and arterial catheterizations 
are common in critically ill patients for diagnostic 
or therapeutic purposes1. However, placement, 
maintenance and removal of these devices are often 
associated with mechanical, thromboembolic, 
and infectious complications in clinical practice2. 
Infectious complications have been the subject of 
major quality improvement initiatives1,3 and are often 
monitored at unit and hospital level and benchmarked 
against national and international rates. Mechanical 
complications, however, are frequently not subjected 
to the same level of monitoring.

Mechanical complications related to vascular 
access devices contribute to patient harm through 
increased length of stay, family dissatisfaction, 
increased hospital costs, and the need for additional 
interventions4-6. These complications have been 
reported in 11-19% of critical care patients7-9. The 
most frequently reported mechanical complications 
include placement failure, arterial puncture, 
hematoma, misplaced catheter, pneumothorax and 
air embolism5,7-11. Operator experience/knowledge, 
morbidity, number of insertion attempts, site of 
insertion, catheter type, gender, age and no ultrasound 
guidance were reported as risk factors for mechanical 
complications related to vascular access devices8,12-14.

Incident reporting systems (IRSs) are considered 
as one of the key strategies to detect, reduce and 
prevent errors. Analysis of data from incident reports 
generates valuable information that can be used for 
system-based quality and safety improvements15. This 
is particularly relevant in high-risk areas such as an 
intensive care unit (ICU) where the incidence of errors 
has been reported as high as two per ICU patient per 

day and it is estimated that one in five patients may 
sustain a serious adverse event with significant harm16. 
Reporting catheter-related incidents including vascular 
access devices in IRSs is highly recommended to guide 
interventions to prevent these incidents in critical ill 
patients4.

The objective of this study was to describe 
mechanical complications related to vascular access 
devices, analyze the risk factors and the associated 
category of harm based on voluntary incident reports 
at the ICU in a tertiary care hospital.

Methods

Setting

This was a retrospective study conducted at the 
ICUs of King Abdulaziz Medical City in Riyadh, 
Kingdom of Saudi Arabia of all voluntarily incident 
reports of mechanical complications related to 
vascular access devices for the period from March 
2010 to September 2012. The hospital is a 1000-bed 
university-affiliated tertiary care center, accredited by 
the Joint Commission International. The intensive care 
department encompasses a 21-bed medical-ICU, 9-bed 
surgical-ICU, 8-bed trauma-ICU, 8-bed neurologic-
ICU and 14-bed intermediate-care-unit. These units 
are staffed by onsite board-certified intensivists on 24 
hours/7 days a week basis. The average nurse patient 
ratio is 1:1. The study was approved by the Research 
Committee at the King Abdullah International Medical 
Research Center, Riyadh, Saudi Arabia, and as the 
study did not involve any patient intervention or risk to 
subjects, approval from the Institutional Review Board 
was waived.

Incident reporting system (IRS)

An electronic IRS has been introduced in March 
2010 in the ICU as part of a hospital-wide project. The 
Quality Management Department monitors the incident 
reports and provides training for front-line staff17. 
Reporting was voluntary, but not anonymous. The 
NCC-MERP Index was used to categorize the harm18. 
All ICU incident reports are reviewed, analyzed and 
managed by an IRS Committee, which is a physician-
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led multidisciplinary committee working closely with 
the quality management department. The committee 
consists of physician, nurse, respiratory therapist, 
pharmacist and quality management specialist17.

Inclusion and exclusion criteria

We included all incident reports for adult critically 
ill patients of mechanical complications related to 
vascular access devices including peripherally inserted 
central catheter (PICC) lines from March 2010 to 
September 2012. We excluded incident reports of 
peripheral venous-access devices. The details of each 
incident report were reviewed and additional data were 
collected by two members (physician and clinical 
research coordinator) through reviewing the medical 
charts and ICU-database.

Data collection

A team, consisting of the chairman of the intensive 
care department, the director of the quality management 
department, ICU physicians, quality specialists and 
a clinical research coordinator, conducted multiple 
roundtable meetings to discuss and evaluate the 
incident reports of mechanical complications related to 
vascular access devices. Through reviewing a sample 
of these incident reports and the related literature, 
the team developed and validated a tool to assess the 
characteristics and the potential contributing factors of 
mechanical complications of vascular access devices. 
The tool was assessed by the members of an expert 
team and modified accordingly. It was tested on five 
medical charts before it was used for this study.

The vascular access mechanical complication 
data collection tool consisted of five main sections:

Incident report information: date, time, location 
of incidence, classification of complication as per 
occurrence phase: A) Placement-related complications 
which includes bleeding, pneumothorax, wrong 
insertion site (catheter insertion in the artery instead of 
vein), guide wire-related (leaving a guide wire  inside 
patient body), wrong catheter size (using catheter size 
and fixing it at wrong level), wrong fixation (no proper 
fixation of catheter), and lung collapse, dilator-related 

(the trauma catheter introducer not removed during 
insertion). B) Maintenance-related complications 
which includes leaking (the fluid start to flow outside 
the body), dislodgment (accidental removal of catheter 
by patient), non- functioning port (no flow in catheter 
port), accidental migration (removal of catheter during 
care), ischemia and cyanosis. C) Removal-related 
complications including bleeding.

Patient information: age, gender, weight, height, 
Glasgow coma scale (GCS), type of admission, medical 
diagnosis, mechanical ventilation use and duration.

Risk factors: Central venous pressure (CVP), 
sequential organ failure assessment score (SOFA) 
and acute physiology and chronic health evaluation-
II (APACHEII) score at ICU admission, dehydration 
or hypovolemia, history of sternotomy, local radiation 
therapy, clavicular fracture, skeletal deformities, 
myocardial infraction, venous thrombosis at insertion 
site, use of anticoagulation or fibrinolytic therapy, 
sepsis, ventricular arrhythmia, chronic obstructive 
pulmonary disease (COPD), positive end-expiratory 
pressure (PEEP), history of difficult intravascular 
(IV) access, deep vein thrombosis (DVT), platelets 
count, international normalized ratio (INR) and partial 
thromboplastin time (PTT) readings.

Procedure information: date and time of ICU 
admission, date and time of catheter insertion, 
duration of catheterization, number of insertion 
attempts, site of insertion, size and type of catheter, 
previous catheterization, previous surgical operation, 
use of ultrasound guidance, chest X-ray placement 
confirmation, operator experience, supervisor presence 
and level, emergency nature of procedure of procedure, 
and therapeutic anticoagulation use. 

Incident report analysis: category of harm. 

Statistical analysis

We describe baseline characteristics, risk factors 
and consequences of mechanical complications 
related to vascular access, classified as per phase 
of occurrence into placement, maintenance and 
removal-related. Continuous variables were described 
as mean and standard deviation (SD). Categorical 
variables were expressed as absolute and relative 
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frequencies. Computations were performed by 
IBM SPSS Statistics V22 (IBM Corp., Armonk, NY).

Results

During the study period, a total of 1,908 incident 
reports were reported for critically ill patients. Of 
these, 60 were related to vascular access devices and 
met the study inclusion criteria, representing 3% of all 
incident reports. Of them 13 (21.7%) were placement-
related, 44 (73.3%) were maintenance-related, and 3 
(5%) were removal-related.

The baseline characteristics of the patients are 
presented in Table 1. The mean age was 54.8 ± 21.7 
years, 37 (61.7%) were male with a mean GCS of 9.3 ± 
4.4, mean body mass index of 26.2 ± 8.3 and APACHE 
II of 23.6 ± 7.0. The majority of incident reports 53 
(88.3%) were written while the patient was in the ICU. 
Incidents occurred equally during day and night shifts; 
although, placement-related and removal-related 
complications occurred mostly during the day shift 
(69.2% and 66.7%) respectively. The subclavian 34.1% 
and internal jugular 34.1% sites were predominant 
sites of maintenance-related complications, with the 
femoral site predominantly placement-related (Table 
2).

Potential risk factors

As shown in Table 1, the majority 92.3% of the 
patients with placement-related complications was 
mechanically ventilated, with a mean age of 38.9 ± 
21.5 year, 23.1% had dehydration, 30.8% had sepsis 
and 38.5% diagnosed with a traumatic brain injury. In 
comparison, in the maintenance-related complications, 
52.3% of the patients were mechanically ventilated, 
with a mean age of 58.3 ± 20.2 year, 18.2% had 
dehydration and 40.9% sepsis. For removal-
related complications, 66.7% of the patients were 
mechanically ventilated, with a mean age of 72.7 
± 4.2 year and one patient 33.3% received systemic 
anticoagulation therapy. Physician registrars inserted 
38.5% of the catheters, residents 23.1% and fellows 
only 15.4% (Table 2). Difficulty of IV access, number 
of attempts, ultrasound and chest X-ray usage, and 
supervisor information were poorly documented.

Complications and outcomes

Mechanical complications are described in Table 
3. Pneumothorax 3 (23.1%) was the most common 
placement-related complications, while catheter 
dislodgement 21 (47.7%) and accidental migration 
18 (40.9%) were the common maintenance-related 
complications. Bleeding was the only reported removal-
related complication. Less frequent complications 
were related to wrong insertion site, guide wire-related, 
dilator-related, wrong catheter size, wrong fixation, 
lung collapse, leaking, non-functioning port, ischemia 
and cyanosis.

As shown in Table 4, the categories of harm 
associated with the incident reports were: an error 
occurred that may have contributed to or resulted in 
temporary harm to the patient and required intervention 
(Category E) 40%, an error occurred that reached 
the patient and required monitoring to confirm that 
it resulted in no harm to the patient and/or required 
intervention to preclude harm (Category D) 33.3%, 
and an error occurred that reached the patient but did 
not cause patient harm (Category C) 23.3%, an error 
occurred that may have contributed to or resulted in 
temporary harm to the patient and required initial or 
prolonged hospitalization (Category F) and an error 
occurred that required intervention necessary to sustain 
life (Category H) occurred in one patient each (1.7%).

For placement-related complications, the highest 
proportion (61.5%) of harm related category was 
temporary harm requiring an intervention; with an 
error requiring monitoring to confirm no harm was the 
highest proportion (38.6%) in the maintenance-related 
complications.

Discussion

Our study suggests that mechanical complications 
related to vascular access devices are not uncommon. 
We found that the majority of these complications were 
maintenance-related, with dislodgment and accidental 
migration reported frequently. These complications 
were often associated with harm.

Data on mechanical complications related to 
vascular access devices in critically ill patients are 
limited7-8. Existing studies vary in study purpose, 
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Table 1 
Characteristics of patients with incidents reports related to vascular access devices� Incident reports were divided into those related 

to placement, maintenance or removal of vascular access devices

Variable
All

(n = 60)
Placement

(n = 13)
Maintenance

(n = 44)
Removal
(n = 3)

Patients’ demographics, n (%)

Age (years)* 54.8 ± 21.7 38.9 ± 21.5 58.3 ± 20.2 72.7 ± 4.2

Male gender 37 (61.7) 8 (61.5) 28 (63.6) 1 (33.3)
Glasgow Coma Scale* 9.3 ± 4.4 4.7 ± 3.5 10.4 ± 3.8 11.3 ± 3.5
Body Mass Index, (kg/m2)* 26.2 ± 8.3 25.2 ± 7.3 25.9 ± 7.7 35.0 ± 17.1

APACHEII* 23.6 ± 7.0 24.1 ± 6.5 23.8 ± 7.4 20 ± 3
Sequential Organ Failure Assessment* 9.7 ± 3.7 11.4 ± 4 9.5 ± 3.5 6 ± 1

Type of admission, n (%)

Medical 34 (56.7) 7 (53.8) 26 (59.1) 1 (33.3)
Surgical 26 (43.3) 6 (46.2) 18 (40.9) 2 (66.7)
Admission diagnosis, n (%)

Traumatic brain injury 10 (16.7) 5 (38.5) 4 (9.1) 1 (33.3)
Septic shock 9 (15) 3 (23.1) 6 (13.6) 0
Liver cirrhosis 4 (6.7) 1 (7.7) 3 (6.8) 0
Pneumonia 3 (5) 0 2 (4.5) 1 (33.3)

Post laparotomy colon cancer 3 (5) 0 3 (6.8) 0

Gastrointestinal bleeding 3 (5) 0 3 (6.8) 0

Systemic lupus erythematosus 3 (5) 1 (7.7) 2 (4.5) 0

Post liver transplant 2 (3.3) 0 2 (4.5) 0

Others 16 (38.3) 3 (23.1) 13 (43.4) 1 (33.3)

Risk factors, n (%)

Mechanical ventilation 37 (61.7) 12 (92.3) 23 (52.3) 2 (66.7)

Mechanical ventilation duration (days) 7.5 ± 10.0 2.3 ± 2.6 9.9 ± 11.6 10.5 ± 7.8

Positive End-Expiratory Pressure, cm H2O 6.5 ± 3.4 7.1 ± 5.1 6.2 ± 2.4 6.3 ± 1.5
Central venous pressure mmHg, 12.2 ± 5.8 12 ± 6.1 12.2 ± 5.9 15 ± 0

Dehydration 11 (18.3) 3 (23.1) 8 (18.2) 0
Sternotomy 1 (1.7) 0 1 (2.3) 0

Sepsis 23 (38.3) 4 (30.8) 18 (40.9) 1 (33.3)

Chronic obstructive pulmonary disease 5 (8.3) 1 (7.7) 3 (6.8) 1 (33.3)

Difficult Intravascular access 17 (28.3) 1 (7.7) 15 (34.1) 1 (33.3)
Deformities 1 (1.7) 0 1 (2.3) 0

Myocardial infraction 1 (1.7) 0 1 (2.3) 0

Deep vein thrombosis 2 (3.3) 0 2 (4.5) 0

Coagulation Blood Test*

Platelets, (x 109/L) 221.5 ± 186 221.7 ± 128.9 225.5 ± 206.7 221.2 ± 92

International Normalized Ratio 1.5 ± 0.6 1.6 ± 0.6 1.4 ± 0.6 1.6 ± 0.6

Partial Thromboplastin Time 40.3 ± 17.1 50.1 ± 25.8 38.2 ± 13.1 33.6 ± 12.3

Systemic Anticoagulation n (%) 3 (5) 0 2 (4.5) 1 (33.3)

*Mean ± standard deviation; APACHEII: Acute Physiology and Chronic Health Evaluation II
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Table 2 
Vascular access catheterization procedure information

Variable All
(n = 60)

Placement 
(n = 13)

Maintaining (n 
= 44)

Removal 
(n = 3)

Duration of catheterization* 5.1 ± 10.6 1.8 ± 2 6.2 ± 12.2 3 ± 1.7
Site of catheter, n (%)
Internal jugular 17 (28.3) 2 (15.4) 15 (34.1) 0
Right internal jugular 13 (21.7) 1 (7.7) 12 (27.3) 0
Left internal jugular 4 (6.7) 1 (7.7) 3 (6.8) 0
Subclavian 19 (31.7) 4 (30.8) 15 (34.1) 0
Right subclavian 12 (20) 2 (15.4) 10 (22.7) 0
Left subclavian 7 (11.7) 2 (15.4) 5 (11.4) 0
Femoral 12 (20) 7 (53.8) 4 (9.1) 1 (33.3)
Right femoral 8 (13.3) 5 (38.5) 3 (6.8) 0
Left femoral 4 (6.7) 2 (15.4) 1 (2.3) 1 (33.3)
PICC-line 8 (13.3) 0 7 (15.9) 1 (33.3)
Right PICC-line 5 (8.3) 0 4 (9.1) 1 (33.3)
Left PICC-line 3 (5) 0 3 (6.8) 0
Radial 4 (6.7) 0 3 (6.8) 1 (33.3)
Right radial 3 (5) 0 3 (6.8) 0
Left radial 1 (1.7) 0 0 1 (33.3)
Type of catheter, n (%)
Single lumen 5 (8.3) 1 (7.7) 3 (6.8) 1 (33.3)
Double lumen 5 (8.3) 1 (7.7) 3 (6.8) 1 (33.3)
Triple lumen 29 (48.3) 7 (53.8) 22 (50) 0
Quinton 7 (11.7) 2 (15.4) 4 (9.1) 1 (33.3)
Femoral arterial line 2 (3.3) 1 (7.7) 1 (2.3) 0
PICC-line 6 (10) 0 6 (13.6) 0
Permacath 4 (6.7) 0 4 (9.1) 0
Trauma line 2 (3.3) 1 (7.7) 1 (2.3) 0
Previous catheterization, n (%) 13 (21.7) 1 (7.7) 10 (22.7) 1 (33.3)
Ultrasound use, n (%)
Yes 0
No 8 (61.5)
Not documented 5 (38.5)
Chest X-Ray, n (%)
Yes 14 (23.3) 4 (30.8) 10 (22.7) 0
No 13 (21.7) 2 (15.4) 11 (25) 0
Not applicable 20 (33.3) 5 (38.5) 12 (27.3) 3 (100)
Not documented 13 (21.7) 2 (15.4) 11 (25) 0
Operator category, n (%)
Resident 3 (23.1)
Fellow 2 (15.4)
Physician registrars 5 (38.5)
Consultant 0
Nephrology team 1 (7.7)
Not documented 2 (15.4)
Supervisor, n (%)
Physician registrars 1 (7.7)
Consultant 3 (23.1)
No 4 (30.8)
Not applicable 1 (7.7)
Not documented 4 (30.8)

**Mean ± standard deviation
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design, population and definition of terms. The current 
study, included medical and surgical critical care 
patients. Previous studies were conducted on specific 
populations, for example non-surgical8, surgical13, 
trauma5, emergency19, and emergency 19. Unlike 
other studies, our study evaluated the mechanical 
complications of all vascular access device types and 
all sites of insertion. The current study used voluntary 
incident reports related to vascular access devices 
followed by a review of the related patient charts. 

This approach was similar to the study by Needham 
et al. using a voluntary patient safety report system to 
analyze the incident reports in a critical care setting; 
however, their analysis included in addition to incident 
reports related to vascular access devices, those related 
to lines, tubes and drains4.

The rate of mechanical complications related 
to vascular access devices varies in the literature. 
Retrospective studies indicate rates varying from 
0.9% to 3.4%5-6,19-20; while higher rates were observed 

Table 3 
Incident reports related to vascular access devices

Variable All
(n = 60)

Placement (n 
= 13)

Maintaining 
(n = 44)

Removal (n 
= 3)

Incidents occurrence location and time, n (%) 

Intensive care units 53 (88.3) 7 (53.8) 44 (100) 2 (66.6)
Emergency department 6 (10) 5 (38.5) 0 1 (33.3)
Wards 1 (1.7) 1 (7.7) 0 0
Occurrence during daytime 29 (48.3) 9 (69.2) 18 (40.9) 2 (66.7)
Mechanical complications of vascular access devices 
Placement, n (%) n = 13

Bleeding 2 (15.4)

Pneumothorax 3 (23.1)

wrong insertion site 2 (15.4)

Guide wire-related 1 (7.7)

Wrong catheter size 2 (15.4)

Wrong Fixation 1 (7.7)

Lung collapse 1 (7.7)

Dilator-related 1 (7.7)

Maintenance, n (%) n = 44

Bleeding 0

Infection 0

Leaking 2 (4.5)

Dislodging 21 (47.7)

Non-functioning port 1 (2.3)

Accidental migration 18 (40.9)

Ischemia 1 (2.3)

Cyanosis 1 (2.3)

Removal, n (%) n = 3

Bleeding 3 (100)
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in prospective studies ranging from 11% to 19%7-

8,13,21. Because our study is based on a voluntary 
reporting system, incidence cannot be estimated 
based on voluntary incident reports that are likely to 
underestimate the true incidence. However, vascular 
access mechanical complication reports constituted 
3% of all incident reports.

This study focused on the reported mechanical 
complications related to vascular access devices with 
regards to the phases of its occurrence. The majority 
of incident reports were maintenance-related, in 
which the dislodgment and accidental migration of the 
catheters were the most predominant complications. 
Pneumothorax and bleeding were the most frequent 
complications during placement of vascular access 
devices and removal-related complications were 
infrequent with bleeding the only complication 
reported.

As reported in other studies, failure to place, 
arterial puncture, hematoma, misplacement and 
pneumothorax were reported as the most common 

placement-related mechanical complications of 
vascular access devices5,7-8,13,19,21. Similar to our study, 
Needham et al. indicated that maintenance-related 
incident reports of catheters including vascular access 
devices have been reported to occur in more than half 
of the incidents, in which accidental catheter removal 
by patients and removal by healthcare providers were 
reported to occur in 5% and 6% respectively4.

Notably, we found that among placement-related 
incidents, more than 60% of complications occurred 
with residents and physician registrars; at least 30.8% 
of reported incidents were not supervised and at least 
30.8% was detected after using a chest X-ray. No 
placement-related mechanical complications occurred 
when ultrasound use was reported. This is in line of the 
accumulating evidence about the benefit of using the 
ultrasound in reducing placement complications12,22-23.

In the current study, the subclavian and internal 
jugular sites were the most frequent sites of maintenance-
related complications; the femoral site was the most 
frequent site of placement-related complications. 

Table 4 
Categories of harm associated with incident reports related to mechanical complications of vascular access devices

Variable
All

(n =60 )
Placement

(n =13 )
Maintenance

(n = 44)
Removal
(n = 3)

category of harm* n (%)

C: An error occurred that reached the patient but did not cause patient 
harm

14 (23.3) 1 (7.7) 12 (27.3) 1 (33.3)

D: An error occurred that reached the patient and required monitoring 
to confirm that it resulted in no harm to the patient and/or required 
intervention to preclude harm

20 (33.3) 3 (23.1) 17 (38.6) 0

E: An error occurred that may have contributed to or resulted in 
temporary harm to the patient and required intervention

24 (40) 8 (61.5) 14 (31.8) 2 (66.7)

F: An error occurred that may have contributed to or resulted in 
temporary harm to the patient and required initial or prolonged 
hospitalization

1 (1.7) 1 (7.7) 0 0

H: An error occurred that required intervention necessary to sustain life 1 (1.7) 0 1 (2.3) 0

* National Coordinating Council for Medication Error Reporting and Prevention.
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Overall, the subclavian site had the highest rate of 
complications followed by internal jugular site. Data 
regarding the site-related complications of vascular 
access devices is inconsistent. Eisen et al. reported 
that the subclavian site had higher complications rates 
than the internal jugular and femoral sites8. In contrast, 
Steele et al. reported more mechanical complications 
with the internal jugular site than the subclavian 
and femoral sites19. However, Merrer et al. found no 
significant difference in complication rates between 
the subclavian and femoral sites7.

Our results revealed that more than 40% of 
incident reports were associated with harm. In one 
maintenance-related incident, the harm was permanent 
requiring an intervention to sustain life. Similarly, 
Needham et al. found that harm was a common 
outcome (more than half) of the reported incidents4.

Incident reporting systems are considered as an 
important tool to detect errors, mistakes and violations24. 
Incident reports were perceived as having a positive 
effect to learn and increase awareness in health care 

practice17,25-26 and to generate valuable information that 
can inform quality and safety initiatives25. Our study 
demonstrates that analyzing the incident reports of 
mechanical complications related to vascular access 
provides valuable information regarding the nature of 
incidence and the associated harm. Disseminating and 
sharing this information may facilitate opportunities 
for learning from defects, exchanging experiences and 
translating it to safe practice.

Conclusion

Based on this study of voluntary incident reports, 
mechanical complications related to vascular access 
devices are not uncommon in the critically ill patients; 
the incidence and harm of such complications are 
probably underestimated. These complications should 
be targeted for quality improvement projects that 
establish preventative measures for reducing such 
complications and improving the care of critically ill 
patients.
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“KETOFOL” IN 1:20 DILUTION PROVIDES STEADY 
SEDATION PHASE FOR PEDIATRIC 

ESOPHAGO-GASTRO-DUODENOSCOPY

MARIA MARKAKIS ZESTOS1, BASSAM JWAIDA2, DEEPAK GUPTA2,  
DIVYA MUKHIJA3 AND MATTHEW RYAN TUKEL4
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Abstract

Background: There is a boom in pediatric esophago-gastro-duodenoscopy (EGD) arising from 
(a) impetus for early diagnosis of pathology and (b) improved safety in the peri-anesthesia care. 
Still, the techniques are always being investigated to minimize anesthetics’ exposure on developing 
brains while improving post-anesthesia recovery and procedural room turnovers.

Objective: To evaluate the anesthetic-sedative-analgesic sparing effects of very low dose 
ketamine-addition to propofol-sedation (“ketofol” in 1:20 dilution) for pediatric EGD.

Materials and Methods: A prospective double-blind placebo-controlled randomized study 
among 140 patients American Society of Anesthesiologists Physical Status Class I-III patients aged 
2-12 years who presented for EGD at peri-operative area of Children’s Hospital. The patients were 
assigned to receive either ketamine-propofol solution (study group) or saline-propofol solution 
(control group). 10mg ketamine was added to every 200mg propofol to create 1:20 dilution. After 
a bolus of propofol 500mcg/kg (with or without ketamine 25mcg/kg), sedation was maintained 
with titrated continuous infusion of propofol 150-500mcg/kg/min (with or without ketamine 7.5-
25mcg/kg/min). The following measurements were done: (a) Medication doses; (b) Incidence 
of adverse airway events; (c) Post-anesthesia care unit discharge time; (d) Pediatric Anesthesia 
Emergence Delirium scale scores during emergence; and (e) Children’s Hospital Eastern Ontario 
Pain Scale scores during recovery.

Results: The median propofol dose administered was significantly less in ketamine group as 
compared to placebo group; only 14% patients in ketamine group required propofol “rescue” bolus 
as compared to 33% patients in placebo group requiring propofol “rescue” bolus. As compared 
to the patients who received placebo, there was a clinical trend toward less movement among 
the patients who received ketamine, however, it did not achieve level of significance (P=0.06). 
Incidence of coughing, laryngospasm and oxygen desaturation was similar among the two groups. 
Discharge times from hospital were similar between the two groups indicating that “ketofol” in 
1:20 dilution did not delay patients’ discharge in fast-track one-phase recovery protocol, but rather, 
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it shortened their postoperative stay in standard two-
phase recovery protocol. The post-anesthesia recovery 
scales were similar between the two groups.

Conclusions: During pediatric EGD, “ketofol” 
in 1:20 dilution decreased the dose requirements of 
propofol and improved the quality of sedation without 
affecting the patients’ recovery and discharge to home.

Keywords: ketamine; propofol; endoscopy, 
digestive system; anesthesia; pediatrics; apnea.

Introduction

There is a boom in pediatric esophago-gastro-
duodenoscopy (EGD)1-2 arising from (a) impetus for 
early diagnosis of pathology and (b) improved safety 
in the peri-anesthesia care. Still, the techniques are 
always being investigated to minimize anesthetics’ 
exposure on developing brains while improving post-
anesthesia recovery and procedural room turnovers.

Anesthesia care providers across the world3-15 
have published their experiences with various 
combinations of sedative medications to achieve best 
conditions for EGD at their institutions. The anesthetic-
sedative protocol that has emerged triumphant across 
the board is propofol sedation which has become the 
norm in both pediatric and adult patient population 
undergoing EGD. At our institution, some practitioners 
add ketamine to create “ketofol”: a premixed solution 
of ketamine and propofol. Therefore, the aim of this 
study was to evaluate the anesthetic-sedative-analgesic 
sparing effects of ketamine-addition to propofol-
sedation for pediatric EGD.

Materials and Methods

After institutional review board approval and 
signed written informed parental consent (plus oral 
patient assent from patients aged 7 years and above), 
a prospective double-blind placebo-controlled 
randomized study was conducted to measure the 
efficacy and the quality of peri-anesthesia care when 
ketamine was added to propofol infusion during 
EGD. The American Society of Anesthesiologists 
Physical Status (ASA PS) Class I-III pediatric patients 
aged 2-12 years were eligible. The ASA PS IV-V 

patients, and the patients with serious impairment of 
respiratory, cardiovascular, hepatic, renal, neurological 
or endocrine functions, or those with known allergies 
to lidocaine, propofol, glycopyrrolate, eggs, ketamine 
or sevoflurane were excluded from the study.

Patients were anesthetized by inhalational 
induction with 8% sevoflurane in oxygen and nitrous 
oxide mixture. Subsequently, intravenous cannula was 
inserted and sevoflurane was discontinued. The patients 
received intravenous glycopyrrolate (0.01mg/kg) to 
dry oral secretions, and 4% lidocaine spray (4mg/kg) 
into the upper airways using laryngotracheal topical 
anesthesia (LTA) kit and laryngoscope after adequate 
depth of anesthesia had been achieved. Standard ASA 
monitoring was used.

The patients were assigned to receive either 
ketamine-propofol solution (study group) or saline-
propofol solution (control group) for which the 
anesthesia-providers were blinded. Per pharmacy 
compounding, 10mg ketamine was added to every 
200mg propofol to create 1:20 dilution. After a bolus 
of propofol 500mcg/kg (with or without ketamine 
25mcg/kg), sedation was maintained with titrated 
continuous infusion of propofol 150-500mcg/kg/min 
(with or without ketamine 7.5-25mcg/kg/min).

During the peri-anesthesia period, the following 
were recorded: (a) demographics; (b) peri-operative 
times; (c) vital signs; (d) medication doses; (e) 
incidence of adverse airway events; (f) wake-up time 
as per electronic medical record (EMR); (g) post-
anesthesia care unit (PACU) discharge time (from 
phase I and/or phase II) as recorded in EMR; (h) the 
Pediatric Anesthesia Emergence Delirium (PAED) 
scale16 scores during emergence; and (i) the Children’s 
Hospital Eastern Ontario Pain Scale (CHEOPS)17 
scores during recovery.

Statistical Analysis

For sample size calculation with continuity 
correction, we hypothesized that as compared to 50% 
patients in control group (saline-propofol), only 25% 
patients in study group (ketamine-propofol) would 
need additional propofol boluses during pediatric EGD. 
Based on proportional difference of 25% between the 
two groups, the minimum sample size of 132 with 66 
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patients per group was required to provide adequate 
statistical power (1-beta error) at 80% limiting alpha 
error at 5%. To compensate for the risk of certain 
cases getting withdrawn or eliminated during the 
analysis, the finally chosen sample size was 140 with 
70 patients per group to maintain adequate statistical 
power. Medians with 95% confidence intervals18 were 
calculated as measures of central tendency for the 
demographics, parameters, medications, and times, and 
were compared between the study and control groups 
by Mann-Whitney U test calculator. The proportions 
were compared by 2x2 contingency table and evaluated 
for Fisher exact test to calculate P-value. P<0.05 was 
considered significant. The primary outcome was the 
dose of propofol (and its boluses). The secondary 
outcomes were stability of vital parameters, incidence 
of adverse airway events, quality of emergence as per 
scores, and times to discharge.

Results

Among the 140 patients enrolled one patient 
was excluded due to incomplete data collection. 
Age, weight and gender were similar between the 
two groups. The median propofol dose administered 
was significantly (P<0.01) less in ketamine group 
as compared to placebo group (Table 1); only 14% 
patients in ketamine group required propofol “rescue” 
bolus as compared to 33% patients in placebo group 
requiring propofol “rescue” bolus (P=0.01). Fentanyl 
administrations were similar between the two groups: 
6% patients in ketamine group and 9% patients in 
placebo group required fentanyl. As compared to the 
patients who received placebo, there was a clinical 
trend toward less movement among the patients who 
received ketamine, however, it did not achieve level of 
significance (P=0.06). Overall incidence of coughing 

Table 1 
Demographics and Intraoperative Characteristics of Patients 

95% Confidence Intervals In Parentheses (Lower bound, Upper bound)
KETAMINE GROUP (n=70) PLACEBO GROUP (n=69) P- Value

Median Age
(years)

8 (6, 9) 8 (6, 10) 0.34

Median Weight
(kilograms)

28 (23, 33) 30 (25, 34) 0.36

Percentage of Female Patients 41% 54% 0.18
Median Time From Propofol Start To EGD 
Start (minutes)

4 (4, 4) 4 (3, 5) >0.99

Median Time From EGD Start To EGD/
Propofol End (minutes)

6 (6, 6) 6 (5, 7) 0.31

Median Time for Total Propofol Delivery 
(minutes)

10 (9, 11) 11 (10, 12) 0.45

Percentage of Patients Who Required Propofol 
Boluses 

14% 33% 0.01

Median Propofol Administered (mg/kg/min) 0.168
(0.14, 0.196)

0.253
(0.218, 0.288)

<0.01

Percentage of Patients Who Required Fentanyl 6% 9% 0.53
Percentage of Patients Who Moved During 
EGD

13% 26% 0.06

Percentage of Patients Who Coughed During 
EGD 

7% 9% 0.76

Percentage of Patients Who Had Laryngospasm 0 1% 0.5
Percentage of Patients Who Had Oxygen 
Saturation <90%

0 1% 0.5

EGD: Esophago-gastro-duodenoscopy.
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was common (8%) but laryngospasm and oxygen 
desaturation was uncommon (<1%); however, their 
incidence was similar among the two groups (Table 
1). Vital signs’ trends were similar between the two 
groups (Table 2-3). No patient required endotracheal 
intubation. The post-anesthesia recovery scales (the 
PAED scale scores and the CHEOPS scores) were 
similar between the two groups (Table 4). Discharge 
times from hospital were similar between the two 
groups indicating that “ketofol” in 1:20 dilution 
did not delay patients’ discharge in fast-track one-
phase recovery protocol, but rather, it shortened their 
postoperative stay in standard two-phase recovery 
protocol.

Discussion

The addition of ketamine to propofol (“ketofol” 
in 1:20 dilution) for pediatric EGD resulted in 
significantly decreased propofol dose requirements 
without affecting patients’ discharge to home. 
Additionally, there were trends towards decreased 
need for “breakthrough (top-up)” boluses of sedatives 
and less movement during EGD with “ketofol” in 1:20 
dilution.

Addition of a second anesthetic-sedative reduces 
the dosage requirements for both medications, 
demonstrating additive or synergistic effect on the 

brain. Therefore the observation of reduced total 
dose requirements of propofol in our study group was 
expected. However, the clinically relevant reduction 
of “breakthrough (top-up)” boluses and patients’ 
movements in our study group asserts that continuous 
“ketofol” provided more homogeneous sedation phase 
as compared to continuous propofol for pediatric 
EGD despite not achieving the level of statistical 
significance. These effects can be secondary to the 
analgesic effects of ketamine as an anesthetic-sedative. 
Interestingly, the vital signs did not change significantly 
irrespective of ketamine addition, apparently because, 
the dose of ketamine as a sympathomimetic in 1:20 
dilution “ketofol” was too low to express ketamine-
related tachycardia and hypertension. The absence 
of significant differences in fentanyl requirements 
between the two groups can be secondary to the higher 
total dose of propofol in the control group wherein 
propofol as a sedative could have masked the patients’ 
need for analgesia in ultra-short duration pediatric EGD 
(median 6 minutes duration in both groups). As such 
in spite of “ketofol” looking good clinically, addition 
of ketamine to propofol may appear unwarranted for 
ultra-short duration procedures. However, since the 
insertion of endoscopes during EGD in non-intubated 
pediatric patients with unprotected airways is a high 
risk for airway compromise during inadequate depth of 
sedation-anesthesia, the smoother sedation phase with 
“ketofol” outweighs the time needed to add ketamine 

Table 2 
Patients Wherein Vital Parameters Were Available For At Least 5-minutes Post-Induction� 

95% Confidence Intervals in Parentheses (Lower bound, Upper bound)

KETAMINE GROUP (n=62) PLACEBO GROUP (n=60) P- Value

Median Percent Change At Induction From Baseline Preoperative Values

Heart Rate 20% (11%, 29%) 17% (8%, 27%) 0.97

Systolic Blood Pressure -5% (-8%, -1%) -8% (-15%, -2%) 0.18

Diastolic Blood Pressure -22% (-28%, -17%) -21% (-30%, -13%) 0.63

Median Percent Change 5-min-Post-Induction From Baseline Preoperative Values

Heart Rate 24% (14%, 35%) 22% (16%, 28%) 0.98

Systolic Blood Pressure -5% (-9%, -2%) -7% (-12%, -3%) 0.41

Diastolic Blood Pressure -21% (-30%, -11%) -22% (-31%, -13%) 0.81
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to propofol for ultra-short duration procedures like 
pediatric EGD. Finally, the emergence parameters and 
wake-up times being similar between the two groups 
can be interpreted as either (a) low dose ketamine as 
an additive does not interfere or delay the emergence 
from propofol; or (b) low dose ketamine analgesia 
does not hasten or improve the quality of recovery. 
During the study enrollment period over the years, 
pediatric EGD patients’ discharge protocol at our 
institute evolved from standard two-phase recovery 
protocol to fast-track one-phase recovery protocol. 
Herein, the significant early discharges with “ketofol” 
during standard two-phase may be explained as 
discharging criteria in PACU-II being more akin to 
patients’ absolute readiness to go home as compared 
to discharging criteria assessed by fast-track nursing 
staff in PACU-I being more akin to rapid turnover. 
Alternately, the improved quality of recovery from 
“ketofol” combining analgesia of ketamine with lower 
propofol dose was appreciable in PACU-II wherein 
patients were being discharged at least one-hour post-
sedation.

Our study, which demonstrated reduced 
propofol dose despite very low dose ketamine (1:20 
dilution “ketofol”) with overall uncommon airway 
complications, contrasts with the available medical 
literature. Green et al (2001)19 reported ketamine as 
a sole agent used for 636 pediatric gastroenterology 
procedures that included 548 pediatric EGD. The first 
ketamine dose was 1mg/kg with total median ketamine 
dose being 1.34mg/kg wherein airway complications 
were very common (>10%) with laryngospasm being 
common complication in 9.5% pediatric EGD patients. 
Similarly, Thakkar et al (2007)20 reported 239 out of 
10,236 as complicated pediatric EGD (and hence a 
common adverse occurrence with incidence being 
>1%) with two-thirds complications being reversible 
hypoxia; 72% of the complications occurring in 
the sedated patients as compared to 28% of the 
complications occurring in the general anesthesia 
patients (adjusted odds ratio 5.33) led to intravenous 
sedation being named as a risk factor for complicated 
pediatric EGD. Lightdale et al (2008)21 reported in 
American Society of Gastrointestinal Endoscopy 

Table 3 
Patients Wherein Vital Parameters Were Available For At Least 10-minutes Post-Induction�  

95% Confidence Intervals In Parentheses (Lower bound, Upper bound)
KETAMINE GROUP (n=55) PLACEBO GROUP (n=51) P- Value

Median Percent Change At Induction From Baseline Preoperative Values

Heart Rate 20% (8%, 31%) 16% (6%, 26%) 0.98

Systolic Blood Pressure -5% (-9%, -1%) -9% (-15%, -2%) 0.13

Diastolic Blood Pressure -25% (-29%, -20%) -22% (-31%, -12%) 0.72

Median Percent Change 5-min-Post-Induction From Baseline Preoperative Values

Heart Rate 21% (6%, 35%) 21% (17%, 25%) 0.98

Systolic Blood Pressure -6% (-10%, -2%) -8% (-12%, -3%) 0.33

Diastolic Blood Pressure -25% (-33%, -17%) -24% (-31%, -17%) 0.62

Median Percent Change 10-min-Post-Induction From Baseline Preoperative Values

Heart Rate 28% (18%, 38%) 29% (22%, 36%) 0.64

Systolic Blood Pressure -1% (-5%, 4%) -5% (-11%, 1%) 0.15

Diastolic Blood Pressure -22% (-29%, -14%) -15% (-23%, -6%) 0.98
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(ASGE) journal that, during pediatric EGD, propofol 
sedation supervised by anesthesia providers hastens 
the induction of sedation (by 21%) but delays the 
discharge (by 46%) thus increasing the total time (by 
29%) as compared to midazolam-fentanyl sedation 
supervised by gastroenterologists. Moreover, Dosani et 
al (2010)22 reported that 4mg/kg propofol given slowly 
over 3minutes to 6-15years old children presenting 
for gastrointestinal endoscopy sustained patients’ 
spontaneous breathing; however, the longer duration 
of slower propofol administration during the study 
period resulted in 30% patients requiring additional 

top-up doses of sedatives, while 14% patients had 
insufficient breathing with decreased tidal volumes, 
respiratory rates and capnograms. Tosun et al (2007)23 
added 1mg/kg ketamine to 1.2mg/kg propofol to 
induce better sedation than propofol-fentanyl. Barbi et 
al (2003)24 reported about decreased propofol-injection 
pain with 0.5mg/kg ketamine. However, due to limited 
overall medical evidence favoring “ketofol”, van Beek 
and Leroy (2012)25 could only conclude limited role 
of ketamine just as a preemptive analgesic against 
propofol-injection pain. Recently, Patino et al (2015)26 
revived the question that non-intubated patients were 

Table 4 
Postoperative Characteristics of the Patients� 

95% Confidence Intervals In Parentheses (Lower bound, Upper bound)

WHEN PATIENTS WERE DISCHARGED FROM PACU-I ITSELF
(FAST-TRACK ONE-PHASE RECOVERY PROTOCOL)

KETAMINE 
GROUP (n=46)

PLACEBO GROUP 
(n=45)

P- Value

Median Time From Propofol End To EMR Documented 
Wake-Up Time (in minutes)

28 (23, 33) 27 (23, 31) 0.33

Median Time From Propofol End To PACU-I Discharge 
Readiness (in minutes)

53 (48, 58) 49 (45, 53) 0.19

WHEN PATIENTS WERE DISCHARGED FROM PACU-II AFTER PACU-I
(STANDARD TWO-PHASE RECOVERY PROTOCOL)

KETAMINE 
GROUP (n=24)

PLACEBO GROUP 
(n=24)

P- Value

Median Time From Propofol End To EMR Documented 
Wake-Up Time (in minutes)

23 (16, 30) 31 (15, 46) 0.16

Median Time From Propofol End To PACU-I Discharge 
Readiness (in minutes)

31 (26, 36) 34 (26, 41) 0.58

Median Time From Propofol End To PACU-II Discharge 77 (63, 90) 99 (89, 109) <0.01

KETAMINE 
GROUP (n=70)

PLACEBO GROUP 
(n=69)

P- Value

Median PAED Scale @ 0-min 12 (12, 12) 12 (12, 12) 0.18

Median PAED Scale @ 10-min 12 (12, 12) 12 (12, 12) 0.35

Median PAED Scale @ 20-min 6 (4, 8) 6 (1, 11) 0.9

Median CHEOPS Scale @ 0-min 6 (6, 6) 6 (6, 6) 0.96

Median CHEOPS Scale @ 10-min 6 (6, 6) 6 (6, 6) 0.87

PACU: Post-Anesthesia Care Unit
EMR: Electronic Medical Record
PAED: Pediatric Anesthesia Emergence Delirium
CHEOPS: Children’s Hospital Eastern Ontario Pain Scale
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more likely to suffer respiratory problems as compared 
to the intubated patients when pediatric EGD was being 
performed with propofol sedation-anesthesia. Biber et 
al (2015)27 concluded that age ≤5years, ASA PS >1, 
co-morbidity (lower respiratory tract inflammation and 
obesity) and EGD as a procedure itself increase the 
risk for respiratory complications primarily performed 
under propofol sedation primarily administered by 
the pediatric intensivists in 12,030 gastrointestinal 
endoscopies.

Our study has some limitations. It would 
have been better if we had defined apnea as oxygen 
saturation <90% or absent respiratory movements 
with absent capnogram ≥20seconds (as similar to 
Dosani et al (2010)22), instead of presuming apnea as 
the need for bag-mask ventilation. However, there is 
always potential risk to lose the capture of capnogram 

from the side-port of nasal oxygen cannula when the 
patients’ mouths are opened for EGD.

Conclusion

During pediatric EGD, “ketofol” in 1:20 dilution 
decreased the dose requirements of propofol and 
improved the quality of sedation without affecting the 
patients’ recovery and discharge to home.
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FEASIBILITY AND SAFETY OF COMBINING 
DENTAL RESTORATION WITH OTHER PROCEDURES 

UNDER GENERAL ANESTHESIA IN CHILDREN 
WITH SPECIAL HEALTH CARE NEEDS

HINA WALIA1, ADELE KING2, COLLEEN ORELLANA3, DMITRY TUMIN4, 
ASHOK KUMAR5, PAUL CASAMASSIMO6, CATHERINE FLAITZ4, 

JOSEPH D TOBIAS8,9 AND VIDYA RAMAN8,91*

Abstract
Background: The requirement for dental treatment under general anesthesia (GA) is 

especially pertinent in children with special health care needs (SHCN) as this patient population 
often experiences significant anxiety and may have multiple co-morbid conditions that require 
multiple anesthetic exposures for additional non-dental procedures. The primary aim was to 
evaluate the safety of combining dental procedures with other surgical procedures under GA among 
children with SHCN. The secondary aim was to investigate factors associated with perioperative 
complications and the need for inpatient admission.

Methods: This study was a retrospective review of patients ≤18 years of age with SHCN who 
underwent dental surgery as well as one or more additional non-dental or radiologic procedures 
under a single GA. Data extracted included demographics, type of procedure, perioperative 
complications, and discharge disposition (inpatient or outpatient).

Results: Complete records were available 55 patients undergoing a median of 3 procedures 
under a single anesthetic encounter. Seven patients had minor postoperative complications 
including postoperative vomiting (n = 4), fever (n = 2), or pain, agitation, and pneumonia (n = 
1 each). Twelve of the 55 patients were scheduled for inpatient admission including 4 who had 
postoperative complications. There were no unplanned admissions. Planned admissions were more 
common with American Society of Anesthesiologists’ (ASA) physical classification 3-4 compared 
to 1-2 (OR = 4.1; 95% CI: 1.1, 16.1; p = 0.040).

Conclusions: Our preliminary data suggest that dental procedures can be combined with other 
surgical procedures under a single anesthetic encounter with a limited incidence of perioperative 
complications without an increased incidence of unplanned admissions.

Keywords: dental surgery; surgery procedures, combined anesthetics
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Introduction

Restorative dental procedures may require 
general anesthesia (GA) in the pediatric population 
because of the patients’ cognitive level and functional 
status. The requirement for dental treatment under 
GA is especially pertinent in children with special 
health care needs (SHCN). Children with SHCN are 
those who have or are at risk for chronic physical, 
developmental, behavioral, and emotional conditions1. 
In this population, GA is used for those who are unable 
to cooperate or experience significant anxiety, when 
local anesthesia may be ineffective, when the surgical 
procedure is anticipated to be complex or prolonged, 
or in the presence of significant co-morbid medical 
conditions2. Restorations placed under GA for the 
treatment of early childhood have been reported to be 
of higher quality than those placed using procedural 
sedation3. However, the cost of scheduled operating 
room (OR) time for dental surgery under GA may result 
in a financial burden for families. The 2% of Medicaid-
eligible children who receive such treatment account 
for 25% of Medicaid dental expenditures4. Extended 
OR waiting times can also mean that children are 
not receiving optimal care. In our institution, waiting 
times for dental treatment in the main OR under GA 
are approaching 6 months. Additionally, in children 
requiring both dental and non-dental surgery, repeated 
exposure to GA may be a concern due to the inherent 
risks of GA especially in patients with co-morbid 
medical conditions as well as the theoretical concerns 
regarding the potential neurocognitive effects of 
intravenous and volatile anesthetic agents5.

To improve OR efficiency, reduce multiple 
exposures to GA, and increase cost savings for 
children requiring both dental and other surgical or 
radiologic procedures under GA, these procedures 
may be combined under a single anesthetic encounter. 
Although it is intuitive that combined procedures 
should result in cost savings, there are limited data 
evaluating the feasibility and safety of combining 
dental procedures with other surgical procedures 
under a single anesthetic encounter6. The current study 
reviewed the safety of combining dental procedures 
with other surgical procedures under GA among 
children with SHCN treated at a tertiary care pediatric 
hospital. The secondary aim was to investigate 

patient or procedure-related factors associated with 
perioperative complications.

Methods

This retrospective study was approved by 
Nationwide Children’s Hospital Institutional Review 
Board with a waiver of individual consent. This 
study involved a retrospective review of the quality 
improvement database from the Department of 
Anesthesiology & Pain Medicine at Nationwide 
Children’s Hospital (Columbus, Ohio). Nationwide 
Children’s Hospital is an urban, free-standing, 510 bed 
tertiary care children’s hospital. The electronic medical 
records (EMR) were reviewed of patients ≤18 years of 
age who had SHCN (chronic physical, developmental, 
behavioral, and emotional conditions) who underwent 
a single anesthetic procedure combining dental surgery 
with one or more additional non-dental surgical or 
radiologic procedure during a 12-month period. All 
patients meeting inclusion criteria were included in the 
analysis.

Data extracted from the EMR included patient 
demographics (age, sex, weight), type and duration 
of the surgical or radiological procedure, dental 
procedures completed, medications administered, 
post-anesthesia care unit (PACU) length of stay, 
discharge disposition (inpatient or outpatient), and 
time to discharge. In separate analyses, demographic 
and clinical characteristics were compared according 
to the occurrence of perioperative complications and 
according to inpatient admission status. Continuous 
data were summarized as medians with interquartile 
ranges (IQR), and compared using rank-sum tests, 
with 95% confidence intervals (CIs) of differences 
calculated using the Hodges-Lehmann method. 
Categorical data were summarized as counts and 
percentages, and compared using logistic regression 
with odds ratios (ORs) and 95% CI. Data analysis was 
performed using Stata/13.1 IC (College Station, TX: 
StataCorp LP) and P<0.05 was considered statistically 
significant.

Results

A total of 60 combined GA cases were selected 
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for retrospective review by an anesthesiologist and 
a dentist. Complete EMR records and results were 
available from 55 patients (26 boys and 29 girls) 
with a median age of 5 years undergoing a median 
of 3 procedures under a single anesthetic encounter 
(Table 1). The most common procedures performed 
in combination with a dental procedure were ear tube 
insertion (n = 13), adenotonsillectomy (n = 7), and 
bronchoscopy (n = 5). Seven patients had postoperative 
complications, most commonly postoperative 
vomiting (4 of 7) followed by fever (2 of 7), pain 
(1 of 7), agitation (1 of 7), and pneumonia (1 of 7). 
A total of 12 patients had a pre-planned scheduled 
inpatient admission. Of these, 4 of the patients had 
postoperative complications. Planned admissions were 
significantly related to higher American Society of 

Anesthesiologists’ (ASA) physical classification 3-4 
versus ASA classification 1-2 (OR = 4.1; 95% CI: 1.1, 
16.1; p = 0.040; Table 2). There were no unanticipated 
admissions. The dental procedures involved extractions 
(n = 33; 5 complications) and hygiene-only or other 
procedures (n = 21; 2 complications, including 3 
hygiene-only cases where 1 involved a complication). 
No covariates were significantly different between 
patients developing complications and other patients 
(Table 3).

Discussion

GA has become an accepted option for pediatric 
patients undergoing dental restoration procedures2. 
The expense of treatment in the OR and limitations 
in operating room scheduling and space mandates 
its judicious use with restriction for specific patient 
or procedure-related indications4. Reimbursement 
for services may involve the dental procedure itself, 
anesthesia fees, and facilities fees. The cost of GA and 
the 3 categories mentioned above are usually covered 
by Medicaid; however, the reimbursement rate from 
Medicaid varies considerably from state to state and 
is often below a profitable margin for those involved 
in the care (dentists, hygienists, and anesthesia 
provider)7. Despite such issues, care must be provided 
for these services in this population who often has little 
other option for such services. Due to these costs and 
the limited reimbursement which may be available, 
increased efforts must be made to optimize the 
utilization of facilities as well as medical and nursing 
personnel8,9.

Although there are limited data, the performance 
of multiple surgical procedures under a single 
anesthetic encounter has been shown to reduce costs 
without an increase in morbidity6,10,11. A retrospective 
case series reported a cost savings of approximately 
40% when combining dental and urologic procedures 
in children10. Stapleton et al. retrospectively reviewed 
the records of 120 patients, ranging in age from 2 to 
21 years (98% of whom had SHCN), who received 
combined dental care and one other procedure under 
GA. All were treated as outpatients and the dental 
procedure included more than just radiographic 
investigations. Oral surgery (41%) and otolaryngology 

Table 1 
Characteristics of children undergoing combined dental 

procedures under general anesthesia (n = 55)
Variable N (%) or median (IQR)
Female gender 29 (53%)
Age (years) 5 (3, 9)

ASA status

1-2 33 (60%)
3-4 22 (40%)
Previous anesthesia 44 (80%)
Anesthesia time (minutes) 126 (96, 162)
Oral endotracheal 
intubation

21 (38%)

Local anesthetic used 24 (44%)

Radiographic images

0-3 30 (55%)
4-10 25 (45%)

Number of procedures

2 27 (49%)
3-6 28 (51%)

Type of dental procedure

Extraction 33 (60%)
Othera 22 (40%)
Any complication 7 (13%)
Inpatient admissionb 12 (22%)

ASA = American Society of Anesthesiologists; IQR = 
interquartile range
aIncluding 3 hygiene-only cases.
bNo unplanned admissions.
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(23%) procedures were most frequently combined 
with dentistry. Estimated mean savings for patients 
receiving dentistry and third molar extractions in 
combination were 312 minutes and $2,177 when 
compared with performing the procedures under 
separate GA encounters6.

A primary concern with this practice is the 
potential for increasing the incidence of perioperative 
complications by extending the single anesthetic 
encounter. This is especially relevant in children 
with SHCN who may have a higher ASA physical 
classification. In our cohort, 22 of the 55 patients 
(40%) were ASA III or IV. Despite that, the overall 
complication rate within our data set was limited at 
12.7% (7 of 55 patients). All except for one of the 

complications, the postoperative pneumonia, would 
be classified as minor. Four of the 7 patients that 
had complications had a pre-planned postoperative 
admission while the remaining 3 were successfully 
discharged on the same day, as originally scheduled. 
No associations were found between post-operative 
complications and pre-operative demographics 
although children with ASA physical status 3-4 were 
more likely to have a preplanned inpatient admission. 

Limited data exist concerning the potential 
morbidity or even mortality risks of combined dental 
and other subspecialty cases. In 2011, The American 
College of Surgeons National Surgical Quality 
Improvement Program-Pediatric analyzed 46,281 
patient surgical records from 43 institutions within 

Table 2 
Characteristics of children undergoing combined dental procedures under general anesthesia, 

according to need for inpatient admission (n = 55)�

Outpatient
(n = 43)

Inpatient
(n = 12) OR

(95% CI)
Difference of 

medians (95% CI)
Variable

N (%)
or median (IQR)

N (%)
or median (IQR)

P- value

Female 23 (53%) 6 (50%) 0.9 (0.2, 3.1) 0.831

Age (years) 5 (3, 9) 6 (3, 9) 1 (-2, 3) 0.887

ASA status

1-2 29 (67%) 4 (33%)

3-4 14 (33%) 8 (67%) 4.1 (1.1, 16.1) 0.040

Previous anesthesia 33 (77%) 11 (92%) 3.3 (0.4, 29.1) 0.276

Anesthesia time (minutes) 126 (97, 147) 141 (96, 182) 15 (-25, 65) 0.488

Oral intubation 17 (40%) 4 (33%) 0.8 (0.2, 2.9) 0.696

Local anesthetic used 21 (49%) 3 (25%) 0.3 (0.1, 1.5) 0.151

Radiographic images

0-3 23 (53%) 7 (58%)

4-10 20 (47%) 5 (42%) 0.8 (0.2, 3.0) 0.766

Number of procedures

2 21 (49%) 6 (50%)

3-6 22 (51%) 6 (50%) 1.0 (0.3, 3.4) 0.943

Type of dental procedure

Extraction 26 (60%) 7 (58%) 0.9 (0.2, 3.4) 0.894

Other 17 (40%) 5 (42%)

ASA = American Society of Anesthesiologists; CI = confidence interval; IQR = interquartile range; OR = odds ratio
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Improvement Program; however, our study population 
was focused, including only patients with SHCN, a 
significant percentage of whom were ASA physical 
status III or IV12. The list of morbidities reported by 
The American College of Surgeons National Surgical 
Quality Improvement Program included urinary tract 
infection, pulmonary embolism, deep vein thrombosis, 
pneumonia, the need for tracheal intubation after the 
procedure, renal complications including acute kidney 
injury, and cardiac arrest requiring cardiopulmonary 
resuscitation12. Excluding the one case of pneumonia 
in our cohort, all of the complications were minor, 
easily treated or self-resolving, and did not lead to life 
threatening events14. Postoperative symptoms such as 

general hospitals or free standing children’s hospitals 
from 28 states and 1 Canadian province. Cases selected 
by Current Procedural Terminology codes encompassed 
procedures within pediatric general, otolaryngologic, 
orthopedic, urologic, plastic, neurologic, thoracic, and 
gynecologic surgery. The overall mortality rate was 
0.3% with a reported morbidity incidence of 5.8% 
and a surgical site infection incidence of 1.8%12. A 
study encompassing a 10-year time period reported no 
deaths in 22,000 patients, ranging in age from 1 to 6 
years, undergoing dental treatment alone13.

In our study cohort, the morbidity rate was 
approximately twice that reported by The American 
College of Surgeons National Surgical Quality 

DENTAL RESTORATION WITH OTHER PROCEDURES UNDER GENERAL ANESTHESIA IN CHILDREN

Table 3 
Characteristics of children undergoing combined dental procedures under general anesthesia, according to presence of perioperative 

complications (n = 55)

No complications
(n = 48)

Any complication
(n = 7) OR

(95% CI)
Difference of 

medians (95% CI)
Variable

N (%)
or median (IQR)

N (%)
or median (IQR)

P- value

Female 25 (52%) 4 (57%) 1.3 (0.2, 6.1) 0.802

Age (years) 5 (3, 8) 8 (4, 9) 3 (-1, 4) 0.211

ASA status

1-2 29 (60%) 4 (57%)

3-4 19 (40%) 3 (43%) 1.1 (0.2, 5.7) 0.869

Previous anesthesia 37 (77%) 7 (100%) a a

Anesthesia time (minutes) 126 (97, 157) 121 (96, 198) -5 (-68, 32) 0.570

Oral intubation 17 (35%) 4 (57%) 2.4 (0.5, 12.2) 0.279

Local anesthetic used 21 (44%) 3 (43%) 1.0 (0.2, 4.8) 0.965

Radiographic images

0-3 26 (54%) 4 (57%)

4-10 22 (46%) 3 (43%) 0.9 (0.2, 4.4) 0.883

Number of procedures

2 23 (48%) 4 (57%)

3-6 25 (52%) 3 (43%) 0.7 (0.1, 3.4) 0.650

Type of dental procedure

Extraction 28 (58%) 5 (71%) 1.8 (0.3, 10.1) 0.513

Other 20 (42%) 2 (29%)
aOdds ratio cannot be calculated due to perfect prediction in “any complication” group. P=0.323 by Fisher’s exact test.
ASA = American Society of Anesthesiologists; CI = confidence interval; IQR = interquartile range; OR = odds ratio.
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pain, agitation, need for analgesics, and sleepiness are 
common following dental rehabilitation under GA in 
healthy children15. The case of pneumonia required 
antibiotic treatment, but did not prolong hospitalization 
or require ICU admission. Excluding the other common 
postoperative symptoms associated with dental 
procedures using GA, the one case of pneumonia was 
the only significant and unexpected postoperative 
complication, resulting in an overall complication rate 
of 2%. Furthermore, there were no unplanned inpatient 
admissions and no prolonged postoperative course. In 
our patient population, the average PACU stay was 
59.2 minutes, which is significantly shorter than was 
is generally reported in the literature. In a prospective 
study of 1,060 children undergoing a single surgical 
procedures in the ambulatory setting, the average 
PACU stay was 85 minutes16.

In summary, the preliminary results of this study 
suggest that anesthesia for dental treatment can be 
combined with a variety of surgical and diagnostic 
procedures to provide safe, efficient and less expensive 
care to pediatric patients, particularly those patients 
with SHCN. One limitation of the current study was 
a somewhat limited cohort size of 55; however, these 

preliminary data should provide the groundwork for 
more robust prospective trials. Future analysis with a 
larger patient population including non-SHCN cases 
is required with the goal of increasing the awareness 
of the benefits of combined care to patients to other 
subspecialties leading to a broader utilization of 
the combined service approach when appropriate. 
Whenever such care is planned, a multi-disciplinary 
approach is needed across numerous medical, surgical, 
and nursing teams to ensure the safe and efficient 
introduction of this process. Obstacles may include 
coordination of OR time among various subspecialties. 
At noted in our cohort, this frequently includes 3 or 
more surgical teams. Furthermore, as is the case in 
many hospitals, our radiologic facilities are one floor 
below our main operating room. Hence, transport from 
the OR to other sites or vice-versa may be needed 
to provide this care. However, we suggest that with 
appropriate preparation, such care not only improves 
the safety and efficiency of healthcare, but also limits 
time away from school for patients and work for 
families thereby adding to the non-financial benefits of 
this process.
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Abstract

Background: The Accreditation Council for Graduate Medical Education (ACGME) 
recommends that residents attend didactic lectures as part of their medical education during their 
tenure at ACGME-accredited residency programs. However, for anesthesiology residents, there are 
no specified minimum attendance requirements.

Objectives: To assess (a) the trend in attendance at didactics for anesthesiology residents 
from first clinical anesthesia year (CA-1) to final clinical anesthesia year (CA-3) and (b) whether 
their residency training examination scores (Anesthesia Knowledge Test: AKT scores and In-
Training Examination: ITE scores) trended with their didactic attendance.

Materials and Methods: A review of ten years (2004-2013) didactic attendance data 
spanning our seven anesthesiology resident classes (2007-2013) was performed. Departmental 
data regarding the corresponding residents’ examination scores over the same review period was 
also collected.

Results: Didactic attendance data and in-training score data was analyzed for 47 anesthesiology 
residents. The average didactic attendance decreased from 70%-80% in CA-1 year to 40%-50% by 
CA-3 year {p < 0.05}. However, the corresponding decrease in average national percentile scores 
among our residents from the high 60s in CA-1 year ITE to the high 50s by CA-3 year ITE was not 
statistically significant, although decreased average national percentile scores among our residents 
in AKT-18/24 (as compared to AKT-POST and AKT-6) was approaching statistical significance 
{p=0.06}.
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Conclusion: Although quality of medical 
education may be difficult to quantify solely based 
on the physical attendance during didactic sessions, 
resident didactic attendance should be monitored during 
the residency training as a potential factor impacting 
resident performance on in-training examinations.

MeSH Keywords: Education, Medical, 
Graduate; Internship and Residency; Anesthesiology; 
Knowledge; Certification.

Background

The Accreditation Council for Graduate 
Medical Education (ACGME) recommends that 
residents attend didactic lectures as part of their 
medical education-training during their tenure at an 
ACGME-accredited residency program. The ACGME 
minimum requirements vary by specialty1-3. However, 
for anesthesiology residents, there are no specified 
minimum attendance requirements3. Additionally, the 
anesthesiology residents are familiar with two types of 
tests during their residency: The Anesthesia Knowledge 
Tests (AKTs)4 and The In-Training Examinations 
conducted by the American Board of Anesthesiology 
(ABA-ITEs)5. The AKTs include (a) Baseline AKT-
PRE: prior to anesthesiology orientation, (b) AKT-
POST: post anesthesiology orientation month, (c) 
AKT-6: six months into clinical anesthesia training 
(denoting the first clinical anesthesia year: CA-1), and 
(d) AKT-18/24: eighteen months into clinical anesthesia 
training (denoting the second clinical anesthesia year: 
CA-2). The ABA-ITEs include (a) Baseline PGY-1 
ABA-ITE in the first post graduate year (internship 
year), (b) CA-1 ABA-ITE in the first year of clinical 
anesthesia residency: CA-1, (c) CA-2 ABA-ITE in the 
second year of clinical anesthesia residency: CA-2, 
and (d) CA-3 ABA-ITE FINAL in the third (final) year 
of clinical anesthesia residency: CA-3.

The objective of our retrospective audit 
was to assess the trend in didactic attendance for 
anesthesiology residents from their CA-1 year to their 
CA-3 year and to analyze if their residency training 
examination scores (AKT scores and ABA-ITE scores) 
trended with their didactic attendance.

Materials and Methods

After obtaining Institutional Review Board 
assent (Non-Human Participation Research) for this 
retrospective audit, we reviewed ten years (2004-
2013) of didactic attendance data spanning seven 
classes (2007-2013) of our anesthesiology residents 
at Detroit Medical Center/Wayne State University. 
Existing departmental data on didactic attendance was 
anonymously (independently de-identified residents) 
tabulated according to the following: percentage 
lecture attendance for (a) Monday afternoon didactics, 
(b) Wednesday morning didactics, and (c) Wednesday 
afternoon didactics during each resident’s three-year 
residency. Additionally, departmental data regarding 
the corresponding residents’ national percentile scores 
in their examinations was anonymously tabulated. 
This examination score data included: (a) scores on 
the United States Medical Licensure Examination 
(USMLE) Step I, II and III, (b) AKT scores and (c) 
ABA-ITE scores. After collection of the didactic 
attendance and examination score data, the means 
(of percentiles and percentages) were compared 
(ANOVA: analysis of variance) with p<0.05 being 
significant.

Results

During 2007-2013, complete didactic attendance 
data and in-training score data was analyzed for 47 
anesthesiology residents. Among these residents 
(Figures 1 and 2), average USMLE Step III scores 
in high 80s were significantly less compared to 
average USMLE Step I and Step II scores in low 90s 
(p<0.001). The average didactic attendance decreased 
from above 70% in the CA-1 year to below 50% by 
the CA-3 year (p<0.001). However, the corresponding 
decrease in average national percentile scores among 
our anesthesiology residents from the high 60s in the 
CA-1 year ABA-ITE to the high 50s by the CA-3 
year ABA-ITE was not significantly significant, 
although decreased average national percentile scores 
among our residents in AKT-18/24, as compared to 
AKT-POST and AKT-6, was approaching statistical 
significance (p=0.06).
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Fig� 1 
United States Medical Licensure Examination Scores of Our Anesthesiology Residents 

and Their Attendance In Lectures During Their Three Clinical Anesthesia Years

Fig� 2
Anesthesia Knowledge Test Scores and American Board of Anesthesiology  

In-Training Examination Scores of Our Anesthesiology Residents
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Discussion

Our results observed that as our anesthesiology 
residents progressed from their first year to their third 
year of residency, there was a significant decrease in 
their didactic attendance. This progressive decrease is 
likely secondary to an increased number of excused 
absences secondary to senior residents involvement 
in more clinically demanding subspecialty rotations 
as well as more frequent off-site clinical rotations. 
Alternatively, didactic attendance might have decreased 
due to the didactic content being not tailored to the 
residents’ level of training or their clinical experience 
years. Interest among senior residents in the didactic 
lectures geared towards previously learned basic 
concepts could have presumably waned as residents’ 
clinical experience level progressed. Even though 
the average Monday afternoon didactic attendance 
(primarily given by the associate program directors) 
was the highest, there was still a decrease in attendance 
as residents progressed in their training.

In regards to ABA-ITE scores, the non-significant 
yet declining trends in national percentile scores of 
our anesthesiology residents over their three years 
of residency suggest the decrease in scores may in 
fact be influenced by the declining trends in didactic 
attendance with residency training year. However, the 
statistically non-significant decrease in scores (despite 
statistically significant decrease in didactic attendance) 
suggests that residents may have been able to sustain 
their scores independent of didactic participation by 
alternative methods including informal day-to-day and 
intra-operative teaching as well as personal resolve 
to learn and perform well on such examinations. 
Alternatively, the decrease (instead of increase) in our 
anesthesiology residents’ percentile scores relative to 
other programs nationally signifies that our residents 
may not be benefiting from the formal lectures 

provided to them during their residency training.

What we may deduce from this data is that our 
residency didactics should be appropriately tailored to 
residents’ level of training to sustain their educational 
interest levels. Moreover, improvement in attendance 
rates may be feasible only when the clinical scheduling 
for all residents is uniformly matched corresponding to 
the didactic scheduling.

Our review has some limitations. Firstly, it is 
a retrospective audit limited to our anesthesiology 
residents’ attendance and their performance. Secondly, 
only the physical attendance was quantified during this 
retrospective review; however, if a prospective study 
had been planned, the actual immediate retention of the 
educational material discussed in the didactic sessions 
could have been better assessed with corresponding 
pre-session and post-session questionnaires. Finally, 
the spectrum of the educational topics covered during 
the ten-year worth didactic sessions was NOT analyzed 
which could have given comprehensive and deeper 
insight into residents’ corresponding performance on 
the topic-related questions during AKTs and ABA-
ITEs.

Conclusion

Although it may be difficult to quantify the 
quality of medical education solely based on the 
physical attendance during didactic sessions, it cannot 
be overlooked during the residency training. Its impact 
may reflect in the residents’ performances on their in-
training examinations which along with the specialty 
board certification examinations, evaluate and judge 
whether the residents (and potential future physicians) 
know how to safely practice medicine and whether 
they will eventually be able to do so.
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Abstract

Background: Postoperative cognitive dysfunction (POCD) is a common complication after 
surgery. The present study compared the effects of sevoflurane and propofol on POCD in old 
patients undergoing laparoscopic surgery under general anesthesia.

Methods: Sixty patients over 65-year-old candidates for elective laparotomy were randomly 
assigned into two groups of anesthesia with sevoflurane or propofol. Baseline assessment of 
cognitive function was done 12-24 hours before surgery and the second to fourth tests were done 
at 6-12, 18-24, and 42-48 hours after surgery, respectively.

Results: The mean age, gender and the mean time of surgery were equal in two groups. 
Postoperative cognitive function in sevoflurane group was significantly better than propofol group 
in the 6-12 (p<0.03) and 12-24 (p<0.03) hours after surgery but the assessment of the two groups 
in 24-48 hours after surgery showed similar conditions.

Discussion: The results of this study showed that anesthesia with sevoflurane creates less 
cognitive disorders than anesthesia with propofol in patients without cerebrovascular complications 
or surgical procedures that involve the brain’s blood flow.

Keywords: Postoperative cognitive dysfunction, sevoflurane, propofol

Introduction

Postoperative cognitive dysfunction (POCD) is a common complication after surgery. The 
disorder is reported in 9.1% to 17% of patients undergoing non-cardiac surgery on day 7 after 
surgery1. POCD is characterized by personality changes, cognitive dysfunction, or impaired 
memory and concentration after surgery2. The cognitive changes can occur both in short- and 
long-term. Some patients might experience short-term cognitive impairment (days to months), 
while others may have long-term cognitive changes (more than 6 months)3. Age is the main risk 
factor for POCD, which is clearly more prevalent among older adults4. Although the exact cause of 
POCD is still unknown, POCD risk factors are classified as related to age, comorbidities, surgery, 
and anesthesia. Urology, orthopedic and cardiovascular surgeries are associated with a higher 
risk5. Duration of surgery, the second surgery, postoperative infection, pulmonary complications, 
and acute postoperative pain are POCD risk factors in the first week after operation5. Alcohol 
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use in older people is a POCD risk factors that 
affects visuospatial abilities and executive function5. 
Medications such as propofol, sevoflurane, nitrous 
oxide gas (N2O), midazolam and fentanil can lead to 
POCD by affecting different types of receptors in the 
brain6. Propofol and sevoflurane are commonly used 
during general anesthesia, and their effect on POCD 
is a concern among researchers. The present study 
compared the effects of sevoflurane and propofol on 
POCD in patients undergoing laparoscopic surgery 
under general anesthesia.

Methods

The present prospective, double-blind, 
randomized study recruited 60 over 65-year-old 
candidates of elective laparotomy surgery with 
American Society of Anesthesiologists (ASA) Class 1, 
2, 3, in Shahid Beheshti Hospital of Kashan University 
of Medical sciences, Iran. After approval by the 
University Ethics Committee and obtaining informed 
consents, patients were randomly assigned into two 
groups of anesthesia with sevoflurane or propofol using 
a random number table. The patients and physicians 
who completed the questionnaires were not aware 
of the type of anesthesia. Patients with mini mental 
state examination (MMSE) score <23, inadequate 
education to complete the neuropsychological test, 
severe visual and hearing impairment, a history 
of known psychological disorders, consumption 
of antipsychotic, anti-anxiety and anti-depression 
medications, consumption of alcohol, a history of 
mental illness, addictions, sensitivity to anesthetic 
medications or unwillingness to cooperate in the study 
were excluded.

After admission to the operating room, 
intravenous access was established for patients and 10 
ml/kg Ringer’s solution was infused under standard 
monitoring including pulse oximetry, ECG with three 
leads, Non-invasive blood pressure (NIBP), (heart 
rate) HR, pulse oximetry (SpO2) Bispectral index 
(BIS), and (end-tidal carbon dioxide) ETCO2. Patients 
in both groups were pre-oxygenated for 3 minutes 
with 100% oxygen and received 2 mg/kg fentanil for 
premedication, after 5 minuts anesthesia was induced 
with 5 mg/kg intravenous sodium thiopental, and 0.5 

mg/kg atracurium was used and trachea was intubated 
with an appropriate sized cuffed endotracheal tube. 
After verifying intubation by auscultation of chest 
and capnography, the patients were mechanically 
ventilated to maintain the ETCO2 between 4.7 kPa 
and 5.5 kPa. Propofol infusion at 150 μg/kg/min was 
used to maintain anesthesia in the propofol group. In 
the sevoflurane group, anesthesia was maintained with 
sevoflurane 1 Minimum alveolar concentration (MAC) 
in oxygen 30%. Atracurium (0.2 mg/kg/h) and fentanyl 
(2 μg/kg/h) were used for intraoperative relaxation 
and analgesia. Anesthesia was maintained at a BIS 
level of 40–60 by adjustment of flow of propofol or 
minimum alveolar concentration of sevoflurane. At the 
end of surgery, after reverse relaxation and ensuring 
the patient’s normal respiratory status, they were 
transferred to the recovery room. The Visual Analogue 
Scale (VAS) was used to measure pain. Sodium 
diclofenac suppository was used and repeated every 
6 hours for post-operative pain relief. In the case of 
pain in patients with VAS scores over 4, paracetamol 
infusion was administered for analgesia.

Patients’ cognitive function measurement was 
performed using Mini-Mental State Examination 
(MMSE) in four steps. The first test was done 12-24 
hours before surgery and the second to fourth tests 
were done at 6-12, 18-24, and 42-48 hours after 
surgery, respectively. MMSE was completed by a 
trained person and in a quiet room. This study was 
registered with the Iranian Registry of Clinical Trials 
(IRCT) number IRCT2012102211209N1.

Assessment of perioperative cognitive function

The present study used MMSE to identify 
POCD. This is the most common test used to assess 
postoperative cognitive function1. It is also known as 
the most suitable tool to monitor cognitive function 
in older adults in the United States, Canada, and the 
United Kingdom. Its wide applications provide the 
ability to compare the results of different studies3. 
MMSE evaluates the following2: Orientation (in time 
and place), memory (immediate and short-term), 
calculation, language (naming, repetition, listening 
and reading comprehension, writing), visual spatial 
awareness, concentration, and attention.
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Data analysis and statistical analysis

Patients with a 20% decrease in cognitive 
function compared with the preoperative considered 
to be suffering from POCD. Data were analysed using 
SPSS software version 19. The categorical data were 
analysed by Fisher’s exact test. The quantitative data 
were analysed using one-way analysis of variances 
(ANOVA). P<0.05 was considered to be statistically 
significant.

Sample size

In order to achieve the desired difference in the 
MMSE score of the two groups (d=1.5) with a power 
= 80% and type I error of 5%, the sample size was 
calculated as 30 subjects for each group.

Results

A total of 60 patients were included in two 
groups of propofol and sevoflurane. The mean age 
in the propofol and sevoflurane groups was 73±3.23 
and 71±2.58, respectively (P=0.09). There were 17 
(56.7%) males and 13 (43.3%) females in the propofol 
group and 15 (50%) males and 15 (50%) females in 
the sevoflurane group (P=0.605). The mean length 
of surgery was 72±12.15 in the propofol group and 
75±15.2 in the sevoflurane group (P = 0.1).

Repeated measurement analysis was used to 
compare preoperative and postoperative cognitive 
function of patients in the two groups in several times. 
The confounding effects of primary scores of cognitive 
function in MMSE scale and gender were controlled 
in this analysis (p<0.001 and p=0.519, respectively). 

There is no interaction between the grouping factor 
and time (p=0.120), and then analysis showed that 
cognitive function in the sevoflurane group was 
significantly better than that in the propofol group 
(P=0.018).

The effect of time was not significant in this 
study (p=0.324). In other words, the result obtained 
at different times of the study had no significant 
difference.

The mean preoperative cognitive function score 
in the two groups was not statistically different. 
However, the groups had a significant difference in 
the 6-12 and 12-24 hours after surgery, where the 
sevoflurane group had better results. The assessment 
of the two groups in 24-48 hours after surgery showed 
similar conditions (Table 1).

Discussion

Postoperative cognitive dysfunction is a serious 
complication that is especially observed in older 
adult patients with memory and cognitive function 
impairment, reduced concentration, and deterioration 
in emotional and social behaviors7. The pathogenesis 
of postoperative cognitive problems is unclear, and 
various factors are involved such as age, alcohol use 
and type of surgery8. There is a higher risk of this 
complication in general anesthesia9. Anesthetics can 
create these complications by modifying cell receptors, 
apoptosis, changes in cholinergic receptors and gene 
expression7. Long-term consequences of POCD 
are important. Postoperative neurologic-cognitive 
dysfunction can remain permanently and severely 
affect patients’ quality of life. The risk of death in these 
patients was significantly higher at 3 months and one 
year after surgery than that in the control group3.

Table 1 
Comparison of preoperative and postoperative cognitive function scores in the two groups

24-48 hours
after surgery

12-24 hours
after surgery

6-12 hours
after surgery

Preoperative
POCD
Group

27.2 ±2.0926.03 ± 2.6325.27 ± 1.8527.2±2.37Propofol

27.57±1.6327.33±1.8626.4±2.0627.33±1.92Sevoflurane

0.450.030.030.81P-Value
POCD: Postoperative cognitive dysfunction.
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The present study examined the effects of 
sevoflurane and propofol on early postoperative 
cognitive function of 60 older adults. The results 
showed that the cognitive function in the sevoflurane 
group was significantly better than propofol group. 
Previous studies have reported contradicting results in 
this regard. Biedler et al. examined patients undergoing 
elective gynecology surgery and cognitive function 
recovery appeared faster in sevoflurane group than 
propofol10. Another study investigated patients that 
underwent on-pump cardiac surgery and found that that 
postoperative cognitive status in patients anesthetized 
by sevoflurane was better than the propofol group11. 
These results were consistent with the result of the 
present study, while some other studies obtained 
different results. A clinical trial examined 30 patients 
undergoing hysteroscopy and cystoscopy after 
general anesthesia and found a similar status in the two 
groups regarding POCD12. A study by Kalimeris et al. 
on 44 patients who underwent carotid endarterectomy 
observed that patients anesthetized with propofol had 
a better cognitive status compared to the sevoflurane 
group during the first 24 hours after the sutgery, which 
was attributed to the reduced brain damage due to the 
antioxidant effects of propofol13. In a study by Larsen 
et al. the cognitive recovery in the group receiving 
propofol-remifentanil was better than the sevoflurane 
group within the 90 minutes after surgery14. The 
differences in the duration of anesthesia, underlying 
diseases, supplementary medications, the time of 
cognitive tests, and using different tests to assess 
cognitive status have led to those different results. 
The results of a study by Biedler et al. cannot be 
invoked because a limited number of patients and short 
duration of anesthesia. The results observed in a study 
by Kalimeris are attributed to propofol mechanisms. 
Propofol is a phenol and a powerful antioxidant that 
has reduced brain damage and resulted in better 
behavioral patterns of animal models under ischemia-
reperfusion studies15,16. Sevoflurane reduces neuronal 
activity and cerebral metabolism levels and protects 
the brain17. Sevoflurane causes cerebrovascular 

vasodilatation and is followed by increased intracranial 
pressure. If a part of brain’s blood supply fails (as in 
carotid endarterectomy surgery due to clamping one 
of the carotid arteries), this vasodilatation decreases 
blood supply in the impaired part and creates ischemic 
damage18. Meanwhile, propofol does not affect 
the blood supply to the affected areas and creates 
a protective effect on the nervous system in such 
conditions due to its antioxidant properties. In the case 
of a partial, unilateral and asymptomatic blockage in 
arteries supplying the brain, sevoflurane will affect 
patients’ cognitive status more than propofol. This 
could be the issue leading to the adverse effect of 
sevoflurane in a study by Larsen et al. In the absence 
of vascular disorders or ischemic condition in the brain 
(such as elective general surgery) sevoflurane with 
reduced brain metabolism and increased intracranial 
blood flow, help the protection of the nervous system 
more than propofol.

Conclusion

The results of this study showed that anesthesia 
with sevoflurane creates less cognitive disorders 
than anesthesia with propofol in patients without 
cerebrovascular complications or surgical procedures 
that involve the brain’s blood flow.
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RELIABILITY AND VALIDITY OF A MODIFIED 
AMSTERDAM  PREOPERATIVE ANXIETY 
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Abstract

Background: Preoperative anxiety is common and can have deleterious effects, such as 
fluctuations in blood pressure, heart and respiratory rate, resistance to anesthetic induction, higher 
levels of postoperative pain and poor healing. Our aim was to assess the reliability and validity of 
the Greek version of the Amsterdam Preoperative Anxiety and Information Scale (APAIS).

Methods: One hundred patients completed a modified (Greek) APAIS questionnaire and the 
Spielberger’s State-Trait Anxiety Inventory (STAI-State) during routine preoperative screening 
from March to May 2015. Both general and regional anesthesia patients were included and 
various clinical data, such as age, sex, level of education, marital status, American Society of 
Anesthesiologists (ASA) physical status classification system and previous surgery were collected.

Findings: Exploratory factor analysis revealed a new two factors model of the Greek 
version of APAIS: anxiety and need for information related to anesthesia and anxiety and need 
for information related to procedure (APAIS-anesthesia: Cronbach’s α =0.844; APAIS-procedure: 
Cronbach’s α =0.847). We also found a very high correlation between the subscales of APAIS and 
STAI-State. Furthermore, APAIS discriminated well between sub-groups of patients on the basis 
of the severity of their procedure.

Conclusions: The Greek version of APAIS with the new structure that emerged can provide 
anesthesiologists with a reliable and valid instrument to assess easily the preoperative anxiety and 
the need for information in clinical practice.

Keywords: Preoperative anxiety, Amsterdam Preoperative Anxiety and Information Scale 
(APAIS), Reliability, Validity.
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Introduction

As the reported incidence of preoperative 
anxiety in adults ranges from 11% to 80%, depending 
on the assessment method, the need to evaluate and 
prevent preoperative anxiety is of high priority in 
order to improve the patient’s experience during 
the perioperative period1. The excessive degrees of 
preoperative anxiety can lead to deleterious effects. 
These include fluctuations in blood pressure, heart 
and respiratory rate, resistance to anesthetic induction, 
higher levels of postoperative pain and poor healing1,2.

Although the prescription of sedative 
premedication is widespread around the world in order 
to relieve preoperative anxiety, anxious patients can 
also benefit from more attention and information from 
the anesthesiologist3. The level of preoperative anxiety 
depends on several factors such as socio-demographic 
characteristics, previous surgeries, characteristics 
of the medical surgery, possible complications, the 
kind of preoperative information or the method of 
anesthesia and psychosocial variables, such as the 
general level of anxiety, personality characteristics and 
psychological or psychiatric comorbidity4,5. Therefore, 
the anesthesiologists’ ability to estimate the anxiety of 
their patients is variable6.

Until now, several tools have been developed for 
the evaluation of preoperative anxiety. Spielberger’s 
State-Trait Anxiety Inventory (STAI) is the most 
commonly used tool and is reported to be reliable and 
valid. It can be used in clinical settings to diagnose 
anxiety but it was not developed in order to assess 

preoperative anxiety. Of note, the STAI has been 
translated into Greek and validated in 20067. The STAI 
comprises two separate, 20- item, self-report scales 
for measuring state and trait anxiety. Trait anxiety 
refers to anxiety as a personality trait, while state 
anxiety evaluates how the respondent feels at a given 
time (“right now”). Although the state scale is used to 
assess preoperative anxiety, it is too long to be easily 
applicable and not related to the specific situation.

The Amsterdam Preoperative Anxiety and 
Information Scale (APAIS) was developed by 
Moerman et al. in 1996 in Amsterdam8. It is a six-
item, self-report questionnaire and therefore it is 
a brief and economical instrument. The original 
language of APAIS was Dutch. Moerman et al. (1996) 
included in their article a table with the English 
translation of APAIS. The APAIS was developed to 
evaluate patient’s preoperative anxiety and need for 
information, with four and two items representing 
anxiety about anesthesia / surgical procedure (1, 2, 4, 5 
Cronbach’s α 0.86) and the need for information about 
anesthesia and the procedure (3, 6 Cronbach’s α 0.72), 
respectively. The APAIS is very easy and quick to 
complete by the patient, while it has been validated in 
surgical patients8. In addition to this, the APAIS score 
is positively associated with severe postoperative pain 
early after awaking9,10. Therefore, the APAIS may 
have the potential to become the gold standard for the 
assessment of preoperative anxiety, provided that it is 
translated and validated in all languages. The aim of 
the present study was to assess the reliability and the 
validity of the Greek translation of APAIS (Table 1).

Table 1 
Items of the original Amsterdam Preoperative Anxiety and Information Scale and its Greek version

Original items Greek items
1. I am worried about the anesthetic. 1. Ανησυχώ για την αναισθησία.
2. The anesthetic is on my mind continually. 2. Η αναισθησία είναι στο μυαλό μου διαρκώς.
3. I would like to know as much as possible about the 
anesthetic.

3. Θα ήθελα να μάθω όσο το δυνατόν περισσότερα για την 
αναισθησία.

4. I am worried about the procedure. 4. Ανησυχώ για την επέμβαση.
5. The procedure is on my mind continually. 5. Η επέμβαση είναι στο μυαλό μου διαρκώς.
6. I would like to know as much as possible about the 
procedure.

6. Θα ήθελα να μάθω όσο το δυνατόν περισσότερα για την επέμβαση.



M.E.J. ANESTH 24 (2), 2017

245MODIFIED AMSTERDAM PREOPERATIVE ANXIETY AND INFORMATION SCALE

Methods

The study has been approved by the Ethics and 
Scientific committee of our hospital (276/12-03-15) 
and was conducted between the March 15th and May 
5th, 2015. In our study, we included all consecutive 
patients who were able to speak and read Greek, 
older than 18 years old, with American Society of 
Anesthesiologists (ASA) physical status I-III and who 
underwent elective surgery. Written informed consent 
was obtained from all the participants. All the patients 
with a previously diagnosed psychiatric disorder 
and/or receiving any psychiatric medication, such as 
anxiolytics, antidepressants, antipsychotics and mood 
stabilizers, were excluded from the study.

Various clinical data were collected, such as age, 
sex, educational and marital status, the ASA physical 
status score and the experience of previous surgery. 
The Greek version of the APAIS and the STAI-
State questionnaires were filled out by the patients 
preoperatively, the day before their elective surgery. 
The items of APAIS are rated on a five-point Likert 
scale from “1= not at all” to “5= extremely”. The scale 
assessed anxiety about the anesthesia (items 1, 2), 
anxiety about the procedure (items 4, 5) and the need 
for information (items 3, 6). Our study conforms to the 
Helsinki Declaration of 1975 and its later amendments.

Statistical analysis

All the data were entered, checked for missing 
values and analyzed using SPSS version 17.0 (SPSS 
Inc., Chicago, IL, USA) and SAS version 7.0 (SAS 
Institute, Cary, NC, USA) statistical programs. 
Descriptive statistics, such as the mean, standard 
deviation and skewness were used to describe the 
main variables. A significance level of alpha= 0.05 
was chosen. The normal distribution of the data was 
examined using the Kolmogorov-Smirnov test and P-P 
plots. Translation and back translation were performed. 
A native English bilingual translator produced the first 
draft from the English version8. A Greek bilingual 
expert then back translated the items to cross-validate 
them. Evaluation of the validity of a questionnaire 
includes factor analysis, convergent validity, subscale 
validity and the known-groups validity.

Confirmatory factor analysis (CFA) was used 
to examine and confirm the factor structure of the 
questionnaire as suggested by the creator of the 
questionnaire. The CFA was carried out using the 
Analysis of Moment Structure (AMOS) Version 7.011. 
The size of the sample that is required for the CFA, 
is based on researchers conventions, ranging for the 
participants ratio 3:1 to as high as 12:1. Stable factor 
models can be found with samples as small as 100 
and with samples as small as 150 if 10 or more items 
load at 0.4 or higher12,13. The APAIS consisted of six 
items, thus our sample size of 100 is within the above 
guidelines.

Rejecting or accepting a model was based on 
some global fit indices: (1) chi-square tested the fit 
of the observed covariance matrix obtained under the 
constraints of the model, (2) the root mean square 
error of approximation (RMSEA), (3) the comparative 
fit index (CFI), (4) the normed fit index (NFI), (5) the 
goodness fit index (GFI), and (6) the adjusted GFI 
(AGFI). The chi-square-degrees of freedom (d. f.) 
ratio < 214, RMSEA < 0.0615, CFI >0.915, GFI > 0.8516, 
AGFI > 0.816, NFI > 0.917 indicate an acceptable fit.

Exploratory factor analysis (EFA) was conducted 
to identify a viable factor structure. EFA, using 
maximum likelihood extraction method with direct 
oblimin rotation, was conducted for all participants to 
determine the factor structure of the six items of the 
APAIS questionnaire. Items with factor loadings ≥0.4 
(including values that rounded to 0.4) and those that 
did not load on more than one factor were retained. 
Items not meeting these criteria were removed one at 
a time. Factor analyses were repeated until a solution 
was attained in which all items included in the analysis 
met all criteria18,19.

Convergent validity of the APAIS questionnaire 
was determined by establishing the correlation 
between questionnaire’s subscales and STAI-State 
using the Pearson’s correlation coefficient. Moderate 
to high correlation supports the validity of the APAIS 
questionnaire in measuring important aspects of 
anxiety status.

Subscale validity was evaluated by examining 
the subscales correlations, while known-groups 
validity of APAIS questionnaire was examined in 
terms of the ability of the questionnaire to distinguish 
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between subgroups of patients formed on the basis of 
the severity of their procedure coded as “major” and 
“no major”. Independent samples t-test was used for 
two-group comparisons when the equal variances 
hypothesis according to the Levene’s test was 
confirmed, whereas the Welch test was used when the 
equal variances hypothesis was rejected.

Floor or ceiling effects are considered to be 
present if more than 15% of respondents achieved the 
lowest or highest possible score, respectively20. If floor 
or ceiling effects are present, it is likely that extreme 
items are missing in the lower or upper end of the 
scale, indicating limited content validity.

The estimation of the reliability of a questionnaire 
includes internal consistency reliability, test-retest 
reliability and parallel forms reliability.

Internal consistency reliability of the APAIS was 
determined by calculating Cronbach α coefficient21. A 
Cronbach α coefficient value of 0.7 indicates sufficient 
reliability for research purposes and suggests that 
items are interdependent and homogeneous in terms of 
the construct they measure. For clinical applications 
α>0.8 is desirable22,23.

Test-retest reliability (stability) indicates the 
stability of patients’ response in time and it was 
determined by calculating ICC (intraclass correlation 
coefficient: the error in measurements as a proportion 
of the total variance) between the scores of the initial 
assessment of the APAIS subscales and the scores of 
the reassessment after 8 hours, the day before surgery. 
The patients were admitted to hospital one day before 
their elective surgery in order to have their routine 
preoperative screening. They were asked to complete 
the questionnaire in the morning of their admission 
day and 8 hours later, in the afternoon. Because the 
intraclass correlation coefficient does not correct for 
systematic differences and agreement by chance, the 
scores of the 2 assessments were tested for systematic 
differences by using the Paired t-test24.

Parallel forms reliability is a measure of 
reliability obtained by administering different forms of 
APAIS questionnaire to the same group of individuals. 
The scores from the two forms can then be correlated 
in order to evaluate the consistency of results across 
alternate forms24. The Parallel forms reliability was 
examined using a sample of 20 random patients, who 

were part of the original sample of the 100 patients 
who were included in the study.

The cut-off point of APAIS-anesthesia and APAIS-
procedure scores: A receiver operating curve (ROC) 
analysis was conducted to investigate the prognostic 
ability of APAIS subscales to detect anxiety cases using 
the STAI-State as a “gold standard” and provided the 
score of 46 as a reference point for anxiety, calculating 
the respective areas under the curve (AUC) with 
95% CI. Using this reference point, the sensitivity 
and specificity of different cut-off points for APAIS 
subscales were estimated. ROC curves provided a 
graphical representation of the overall accuracy of a 
“test” by plotting sensitivity against (1-specificity) for 
all thresholds, while the AUC quantified the accuracy 
of the “test”.

Results

From a total of 102 patients only 2 denied to fill 
out the questionnaires. The final sample consisted of 
100 patients (mean age: 57.6 years) who underwent 
various surgical procedures, including urological, 
gynecological (except obstetric), breast, endocrine, 
abdominal, colorectal, hepato-pancreato-biliary, 
esophago-gastric and vascular. Both general and 
regional anesthesia was represented. Of them, 57 
patients (57%) were male (mean age: 58.5 years) and 
43 patients (43%) were female (mean age: 56.3 years), 
while 83 (83%) of them had a previous procedure, 
91 (91%) had an ASA score I-II, and 9 (9%) an ASA 
score III. Twenty five patients (25%) underwent major 
procedures and 75 patients (75%) underwent minor 
and intermediate procedures (no major).

The descriptive statistics are presented in Table 
2. Kolmogorov-Smirnov test and examination of 
the skewness values show that most of the items are 
normally distributed.

Confirmatory factor analysis (CFA): A two-factor 
model was conducted by confirmatory factor analysis 
giving unacceptable global fit indices. The resulting 
global fit indices X2=117.55, p<0.0005, chi-square-
degrees of freedom (d. f.) ratio=14.69, RMSEA=0.372, 
CFI=0.722, NFI=0.713, GFI=0.727, AGFI=0.284 
showed that the two factors solution proposed by the 
author should be rejected.
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Exploratory factor analysis (EFA): The Bartlett 
Test of Sphericity was 397.92 and it was significant 
(p<0.0005). The Kaiser-Meyer-Olkin Measure of 
Sampling Adequacy was equal to 0.726, showing that 
the data is suitable for factor analysis25.

The 6 items of the APAIS questionnaire were 
analyzed via maximum likelihood extraction method 
using direct oblimin rotation. Two factors, with 
eigenvalue of over 1 and items with factor loadings 
greater than or equal to 0.4, were identified. We used 
the scree plot test to determine the number of factors to 
retain and rotate, which again suggested a two factors 
solution (Figure 1). None of the items were considered 
as loadings on more than one factor, as their factor 
loadings were not greater or equal to 0.4.

Finally, the EFA yielded a 6-item questionnaire 
with a two factors solution. The eigenvalue for the 
first factor, anxiety and need for information related 
to anesthesia (APAIS-anesthesia = items 1, 2, 3) 
was 3.65, explaining 60.80% of the variance and the 
eigenvalue for the second factor, anxiety and need for 
information related to procedure (APAIS-procedure 
= items 4, 5, 6) was 1.02, explaining 16.10% of the 
variance. Factor loadings, which are the correlation 
coefficients between the items and the factors, ranged 
from 0.545 to 0.992 (Tables 3 and 4).

Table 2 
Descriptive statistics

After initial assessment
Items of 
APAIS

Mean SD Skewness

1 2.28 1.14 0.69
2 2.07 1.16 0.74
3 2.62 1.11 -0.06
4 2.77 1.21 0.18
5 2.76 1.3 0.15
6 3.11 1.18 -0.44

Descriptive characteristics of the sample (N=100)
Sex
Male 57
Female 43
Mean age (min-max) 57.6 years (19-83)
Previous surgery
Yes 83
No 17
ASA score
I 40
II 51
III 9
Kind of procedure
Minor-intermediate 75
Major 25

Fig� 1 
Scree plot
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Convergent validity of APAIS was determined by 
establishing the correlation of the subscales of APAIS 
with the STAI-State scale. The correlations with the 
STAI-State scale were 0.502 for APAIS-anesthesia and 
0.765 for APAIS-procedure (p<0.0005). The above 
results indicated moderate to high correlation between 
the questionnaire’s subscales and the STAI-State scale 
which satisfied the convergent validity.

Subscale validity: There was a moderate 
correlation between the two factors of APAIS 
questionnaire (r=0.445, p=0.0005).

Known-groups validity: The APAIS questionnaire 
well discriminated between subgroups of patients on 
the basis of the severity of their procedure. Anxiety 
and need for information related to anesthesia 
(APAIS-anesthesia) was statistically significant higher 
in patients who underwent “no major” procedures 
compared with those who underwent “major” 
procedures (p=0.001) (Table 5).

Table 5 
Known-groups validity�

Severity 
of the 

procedure

N Mean ± 
SD

P-value

APAIS-
anesthesia

No major 75 7.48 ± 
3.04

0.001

Major 25 5.44 ± 
2.27

APAIS-
procedure

No major 75 8.79 ± 
3.23

0.434

Major 25 8.2 ± 
3.25

Floor or ceiling effects: The percentage of 
patients scoring at the lowest possible level of the 
subscale and at the highest possible level for the 
APAIS-anesthesia and the APAIS-procedure were 9%, 
2% and 5%, 3% respectively. The critical value of 15% 
was not surpassed, and thus, it can be conclusively 
stated that there was neither floor nor ceiling effect for 
both factors.

Internal consistency Reliability: The internal 
consistency of the 6 items of the APAIS was measured 
with Cronbach’s α and yielded a value of 0.844 for the 
APAIS-anesthesia and 0.847 for the APAIS-procedure 
factor, which indicate excellent internal consistency. 
The items are interdependent and homogeneous in 
terms of the construct they measure.

Test-retest reliability: The paired samples t-test 
between initial assessment and reassessment of both 
factors of APAIS after 8 hours, the day before surgery 
indicated no statistically significant differences. 
Intraclass correlation coefficients (ICC) between 
initial assessment and reassessment of the subscales 
of APAIS were 0.965 and 0.970 (p<0.0005). The 
above results of stability indicated that the factors of 
APAIS were remarkably consistent between the two 
assessments (Table 6).

Parallel forms reliability: The scores from the 
two different forms of APAIS questionnaire were 
very highly correlated for both factors (r=0.960 and 
r=0.975, p<0.0005 respectively), which proved the 
consistency of results across alternate forms.

The cut-off point of APAIS-anesthesia and APAIS-
procedure scores: The area under the curve (AUC) 

Table 3 
Eigenvalues and explained variance

Items Eigenvalues % of 
variance

Cumulative 
%

1 3.648 60.8 60.8
2 1.012 16.09 76.89
3 0.795 13.25 90.14
4 0.307 5.11 95.25
5 0.183 3.06 98.31
6 0.101 1.69 100

Items refer to items of APAIS.

Table 4 
Factor loadings

Items of APAIS APAIS-
anesthesia

APAIS-
procedure

1 0.979 -

2 0.865 -

3 0.545 -

4 - 0.769

5 - 0.992

6 - 0.693

Extraction method: maximum likelihood.
Rotation method: direct oblimin with Kaiser normalization.
All loadings below 0.35 are not presented.
APAIS-anesthesia refers to items 1, 2, 3 of APAIS questionnaire.
APAIS-procedure refers to items 4, 5, 6 of APAIS questionnaire.
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of APAIS-anesthesia was 0.679 (95% CI: 0.57-0.79, 
p=0.003) with cut-off point 6.5, sensitivity 67% and 
specificity 60%. Patients with APAIS-anesthesia more 
than 6.5 have 67% probability of presenting anxiety 
related to anesthesia, while patients with APAIS-
anesthesia less than 6.5 have 60% probability of not 
presenting anxiety related to anesthesia.

The area under the curve (AUC) of APAIS-
procedure was 0.894 (95% CI: 0.83- 0.96, p<0.0005) 
with cut-off point 8.5, sensitivity 92% and specificity 
73%. Patients with APAIS-procedure more than 8.5 
have 92% probability of presenting anxiety related to 
the procedure, while patients with APAIS-procedure 
less than 8.5 have 73% probability of not presenting 
anxiety related to the procedure (Table 7).

Discussion

Our findings support the high-quality 
psychometric properties of the Greek version of 
APAIS. The new finding is the different structure of 
APAIS that emerged in our study from the original 
one, proposed by Moerman et al in 19968. In contrast 

to their expectations, the Dutch version of APAIS 
questionnaire didn’t distinguish well between fear of 
anesthesia and fear related to the surgical procedure 
itself. However, our results indicate that the Greek 
version of the questionnaire may be divided into two 
different subscales compared to the original one.

The first subscale assesses the anxiety and need 
for information related to anesthesia. It is called 
APAIS-anesthesia and includes items 1, 2, 3 of the 
questionnaire. The second subscale assesses the 
anxiety related to the surgical procedure and the need 
for information about its characteristics. It is called 
APAIS-procedure and it includes items 4, 5, 6. This 
modified structure of the APAIS questionnaire in 
Greek population that emerged from our study, gives 
us the potential to well discriminate between the 
aforementioned types of anxiety. Using our modified 
version, the anesthesiologist and the surgeon will be 
able to assess the preoperative anxiety in a more patient-
centered way and provide appropriate information 
based on the patient’s needs. As a result, they will 
have the ability to recognize those patients who are in 
need of extra support and to devote attention to what 

Table 6 
Test-retest reliability for the APAIS subscales

Subscales
(N=20)

ICC
95% CI

Paired samples T-test P-value

Initial assessment Reassessment

Mean ± SD

APAIS-anesthesia 0.965 (0.93-0.98)* 6.84 ± 2.77 6.69 ± 2.68 NS

APAIS-procedure 0.97 (0.96-0.98)* 8.55 ± 3.1 8.22 ± 2.88 NS

* All correlation coefficients are statistically significant (p<0.0005).
NS: non-significant.

Table 7 
The cut-off point of APAIS-anesthesia and APAIS-procedure scores

Area SE Significance Cut-
off

Sensitivity Specificity 95% CI

APAIS-anesthesia 0.679 0.055 0.003 6.5 67% 60% 0.57 0.79

APAIS-procedure 0.894 0.031 <0.0005 8.5 92% 73% 0.83 0.96

Larger test result indicates more positive test.
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they are specifically afraid of and want to be informed. 
Unfortunately, there are no studies which estimate the 
incidence of preoperative anxiety and the knowledge of 
patients’ regarding anesthesia in the Greek population. 
Probably, a corresponding study in Greece in the future 
could explain the different version of APAIS.

The two new APAIS subscales are highly 
correlated to STAI-State questionnaire (r=0.715), 
supporting the validity of APAIS in measuring the 
anxiety status preoperatively. It can be completed in 
less than 2 min, while its stability in patients’ responses 
which was highlighted with test-retest reliability, makes 
it a very useful tool in the assessment of preoperative 
anxiety in clinical practice.

Furthermore, the Greek version of APAIS 
discriminated well between the various subgroups 
of patients; patients who underwent a minor or 
intermediate surgical procedure had statistically 
significant higher anxiety and need for information 
related to anesthesia (higher APAIS-anesthesia score) 
compared with patients who underwent a major 
procedure. This may indicate that Greek patients who 
undergo a minor or intermediate surgical procedure 
are more anxious about the anesthesia than the surgical 
procedure probably due to insufficient knowledge, 
attitudes and concerns, necessitating detailed 
information by the anesthesiologist26.

Preoperative anxiety is described as an 
unpleasant state of uneasiness or tension that is 
secondary to a patient being concerned about a 
disease, hospitalization, anesthesia and surgery, or the 
unknown1. The preoperative fear can be attributed to 
anesthesia to a high percentage. The patients are afraid 
of not waking up or of waking up in the middle of 
anesthesia and feeling pain. They are anxious about 
postoperative nausea and vomiting, postoperative 
pain and disclosing personal matters during loss of 
control2,26. All these fears regarding anesthesia can 
probably explain the fact that patients who undergo 
minor and intermediate procedures are more anxious 
about anesthesia compared to their anxiety related to 
the surgical procedure and they need to know as much 
as possible information regarding anesthesia.

As far as the Greek population is concerned 
further research should be done. We can assume that 

when a patient undergoes a major procedure, he/she 
is more anxious and afraid of the procedure itself, 
the surgical complications during and after surgery, 
the recovery and the quality of life rather than of 
the unknown and the anesthesia. Moreover, both the 
surgeon and the anesthesiologist will devote more 
time during the preoperative visit to these patients who 
mostly need to be better informed in order to feel safer.

On the other hand, patients who undergo minor 
and intermediate procedures are usually informed 
about the procedure, the possible complications 
and the length of the recovery by their surgeon and 
they feel safer. As a consequence, they will be more 
anxious about anesthesia and they will need to be 
better informed by the anesthesiologist during the 
preoperative assessment.

The APAIS was initially validated in Dutch 
and afterwards in English, Japanese, German, and 
French language27-30. Considering that our study 
sought to validate the Greek version of APAIS, our 
results may enhance the preoperative use of APAIS. 
Early recognition of anxious patients may assist the 
physicians in improving the patients’ experience during 
the perioperative period. Interestingly, we reported for 
the first time that the Greek version of APAIS has a 
different structure than the previous versions. We 
may conclude that the way that preoperative anxiety 
is perceived varies among different populations. 
The Greek version of APAIS is a valuable tool for 
the detection of anxious patients, but also it can 
discriminate between the anxiety related to anesthesia 
from the anxiety related to surgical procedure. The 
ability to detect the patients who are more anxious about 
anesthesia gives the anesthesiologists the opportunity 
to have an empathic attitude at the preoperative visit 
which is linked to a reduction in preoperative anxiety. 
In addition to this, ensuring sufficient time for open 
discussion and questions at the preoperative visit 
improves patient’s satisfaction31.

In conclusion, the Greek version of APAIS 
is a valid, reliable and easily applicable screening 
tool for the assessment of preoperative anxiety. 
Further research is necessary in order to assess the 
generalizability of the Greek version of APAIS among 
different populations.
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CASE REPORTS

SURFACE WARMING-JUST BENEFITS, NO RISKS?

DOMINIK W. CHOROMANSKI1 AND MARIA M. ZESTOS21*

Abstract

Hypothermia is known to be detrimental to patient outcome in peri-operative period. 
Prevention and treatment of hypothermia is very important and relatively simple. Among multiple 
devices and techniques, forced warm air units are widely popular in the United States. We present 
the case of a 6-month-old boy who suffered burns from the forced air warming during surgical 
repair of cleft palate.

Introduction

Patients undergoing surgery can experience hypothermia. The cause of hypothermia is 
multifactorial and includes cold OR, anesthesia-induced central thermoregulatory inhibition, 
redistribution of body heat and reduction of metabolic heat production. Children are at risk because 
of higher body surface to body volume ratio, higher proportional surface area of the head (major 
heat-dissipating area) and less body fat. Multiple studies show that perioperative hypothermia is 
harmful, negatively affecting patient comfort, recovery time, wound healing, coagulation function 
and drug metabolism. Hypothermia increases oxygen consumption, oxygen debt and results in 
metabolic acidosis, increases chance of surgical site infection, chance of adverse cardiac events, 
increases blood loss and transfusion requirements1,2,3.

There are several ways to maintain normothermia. Ambient room temperature could be 
increased. Different devices such as heat and moisture exchangers, fluids warmers, isolation 
blankets, isolation padding, warm water circulating mattresses can be utilized. However, forced 
air-warming systems, available since 1988, are often the method of choice since they are simple, 
effective, inexpensive and essentially risk free and have been shown to improve patient’s outcomes 
in various surgeries (spine, cardiac, orthopedic)4,5,6.
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Case Presentation

A 6-month-old 8.9 kg infant with unremarkable 
history except for cleft palate presented for an elective 
repair of cleft palate. Physical exam was unremarkable. 
The child had uneventful general anesthesia with 
sevoflurane, isoflurane, propofol, fentanyl and 
vecuronium. The surgery took approximately 70 
minutes and patient was under general anesthesia for 
about 90 minutes. To avoid hypothermia and maintain 
normal temperature, small lower body blanket was 
used. The blood pressure and heart rate remained 
within normal values during the intra-operative 
period with no hypotension or bradycardia. During 
the operating room time, the esophageal temperature 
increased from 35.8°C to 37.6°C at the end of the case 
with forced air warming (Bair Hugger – model 505) 
set at 43°C. After drapes, blanket and small lower body 
Bair Hugger blanket were removed, patient was noted 
to have small, round red marks in a linear pattern on 
both lower extremities (Figs. 1 and 2).

Marks varied in diameter, blanched under 
pressure. Diagnosis of first degree burn was made. The 
Bair Hugger unit was removed from service, inspected, 
and found to be functioning properly.

Discussion

Maintaining normothermia affects patient 
outcome and now is a standard of care. Forced air 
warming system is widely used, but complications of 
its use (listed in manufacturer’s instruction) are rather 
poorly known to the most anesthesiologists.

Heat produced by forced air units is distributed 
over the body and removed by local skin flow and 
redistributed to the rest of the body. Therefore, if 
the circulation is impaired, heat can accumulate 
and can result in thermal burns. Conditions such as 
application of aortic cross-clamp, poor perfusion, 
low cardiac output (CO), vascular disease, patient’s 
immobilization, poor cutaneous perfusion can result in 
thermal injury to the skin7,8.

In order to minimize the risk of thermal insult, 
one should address the underlying problem such as 
low CO or poor perfusion and consider placing the 
warming blanket over an area of the body not affected 
by poor perfusion. One can also place an additional 
blanket between forced air blanket and the patient in 
addition to decreasing the forced air temperature to 
38°C to make this therapy safer.

Fig� 1 Fig� 2
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Conclusion

Although hypothermia is detrimental to patient’s 
outcome and deserves prevention, its treatment 
may also put patients at risk. In patients undergoing 
surgery, all possible measures should be utilized to 

maintain normothermia. Forced air warming is most 
commonly used due to its simplicity, efficacy, and 
low risk. Thorough consideration should be applied 
to its appropriate use in patients with possible 
contraindications.
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CARBON DIOXIDE GAS PULMONARY EMBOLISM 
DURING LAPAROSCOPIC ADRENALECTOMY. 

A CASE REPORT
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Abstract

A 33-year-old female patient with right sided pheochromocytoma scheduled for laparoscopic 
adrenalectomy under general anesthesia. In the course of initial abdominal insufflation with carbon 
dioxide through upper right abdominal quadrant using Verres needle, patient presented sudden 
decrease of end-tidal carbon dioxide pressure and severe oxygen desaturation accompanied with 
bradycardia and hypotension. The suspicion of carbon dioxide gas embolism led to stoppage of 
further insufflation. The abdomen was opened through a right subcostal incision, an injured area 
through which gas is entrained was found on the surface of the liver, it was repaired and the tumor 
was successfully excised. Patient hemodynamics improved gradually, while end-tidal carbon 
dioxide came back to normal after about one hour. Vigilance and high degree of suspicion during 
insertion of the Veress needle along with elaborate communication between the anesthetist and 
surgeon can prevent this potentially catastrophic complication.

Keywords: Carbon dioxide, embolism, laparoscopy, adrenalectomy

Introduction

Since it was reported in 1992 laparoscopic adrenalectomy is now regarded as the technique 
of choice for most benign adrenal lesions because of the decreased blood loss, lower morbidity, 
shorter hospitalization, faster recovery, and overall cost-effectiveness in comparison with the 
open approach1. Carbon dioxide (CO2) is currently the most frequently used insufflation gas 
for laparoscopy, since it fulfills most of the requirements for an ideal insufflation gas, being 
noninflammable, chemically inert, inexpensive, colorless and highly soluble in the blood that 
allows rapid absorption into the blood stream and rapid excretion from the circulation2,3. However, 
its use during laparoscopic procedures may be associated with adverse cardiorespiratory effects 
and though uncommon with major complications like CO2 embolism4.

1 Consultant, Department of Anesthesia, King Abdulaziz Medical City, Riyadh, Saudi Arabia, e-mail address: amrkouny@
hotmail.com

2 FRCPC, Assistant Professor, Department of Anesthesiology, King Saud Bin Abdulaziz University for Health Sciences, (A) 
Chairman, Department of Anesthesia, King Abdulaziz Medical City, Riyadh, Saudi Arabia, e-mail address: harbimk@ngha.
med.sa

3 Professor of Anesthesia, Consultant, Department of Anesthesia, King Abdulaziz Medical City, Riyadh, Saudi Arabia, e-mail 
address: vaskdimi58@gmail.com

 Corresponding Author: Vassilios Dimitriou, Professor of Anesthesia, Consultant, Department of Anesthesia, King 
Abdulaziz Medical City, Ministry of National Guard Health Affairs, Riyadh, Saudi Arabia, P.O. Box: 22490, Riyadh 11426, 
Phone: +9661180111 ext 19432. E-mail address: vaskdimi58@gmail.com



258 AMR EL KOUNY et. al

Although the incidence of clinically apparent 
CO2 embolism is only 0.001-0.59 %, it is a serious 
complication of laparoscopy, with an associated high 
mortality rate of 28%4. The mechanism of embolism is 
thought to be via intravascular injection of gas through 
direct needle or trocar placement, or as a consequence 
of parenchymal injury4.

We report a case of CO2 gas embolism during 
laparoscopic adrenalectomy for pheochromocytoma. 
The early detection of gas embolism with prompt and 
effective resuscitation resulted in a favorable post-
operative outcome.

Case Report

A 33-year-old female patient presented to the 
hospital emergency room with headache, palpitation 
and sweating. The diagnosis of pheochromocytoma 
was made and confirmed with radiologic and laboratory 
studies. Alpha receptor blocking medications were 
started followed by beta receptor blockers and 
the patient was scheduled for laparoscopic right 
adrenalectomy.

On the morning of surgery the patient was 
premedicated with diazepam 5 mg orally. In the 
operating room standard monitoring was applied, with 
electrocardiogram, pulse oximetry, and noninvasive 
blood pressure. Midazolam 1 mg was given 
intravenously and an arterial line was inserted in the left 
radial artery under local anesthesia. General anesthesia 
was induced intravenously with propofol 140 mg, 
fentanyl 100 mcg, and rocuronium 50mg. After tracheal 
intubation, a triple-lumen central venous catheter was 
inserted in the right internal jugular vein. Anesthesia 
was maintained with sevoflurane in 50% air/oxygen 
mixture, remifentanil infusion, and intermittent top-up 
boluses of rocuronium. The lungs were mechanically 
ventilated with tidal volume of 500 ml, at the rate of 
12-15/min keeping an end-tidal CO2 partial pressure 
(EtCO2) 30-35 mmHg, and peak airway pressure 
13 cm H2O. The patient was positioned for surgery 
in a left lateral position; the surgeon introduced the 
Veress needle through the upper right quadrant of the 
abdomen. Insufflation of CO2 was started to reach an 
intra-abdominal pressure of 15 mmHg. During the 
insufflation, there was a rapid decrease in the EtCO2 

from 33 to 11 mmHg, rapid oxygen desaturation from 
99% to 70%, arterial blood pressure hypotension from 
122/83 mmHg to 70/40 mmHg, bradycardia with heart 
rate from 75/min to 50/min, and increased peak airway 
pressure from 13 to 33 cm H2O.

Once detected, the surgeon was informed about 
the possibility of gas embolism. The CO2 insufflation 
was immediately discontinued and pneumoperitoneum 
was deflated. The patient was positioned in 
Trendelenburg position and manually ventilated with 
100% oxygen. One liter normal saline was given 
through a pressure bag to increase the central venous 
pressure. About 20 ml of gas bubbles were aspirated 
from the central venous catheter which confirmed the 
diagnosis of gas embolism. The abdomen was opened 
through a subcostal incision, a small hole was seen 
on the anterior surface of the right lobe of the liver 
from which the gas was entrained. Bilateral adequate 
air entry was detected by chest auscultation with no 
mill-wheel murmur on cardiac auscultation. In the 
following 10 minutes oxygen saturation increased to 
100%, peak airway pressure decreased to 15 cm H2O, 
heart rate increased to 70/min, blood pressure increased 
to 110/70 mmHg with phenylephrine boluses and end-
tidal CO2 increased gradually and reached 30 mmHg 
after one hour. Arterial blood gas analysis parameters 
were within normal range except mild metabolic 
acidosis.

An open right adrenalectomy was performed 
successfully and the patient was shifted to intensive 
care unit with stable hemodynamics on minimal 
dose of norepinephrine infusion. Transthoracic 
echocardiography revealed no residual air in the 
heart or pulmonary arteries. Next day the patient was 
transferred to the ward.

Discussion

Carbon dioxide embolism is a rare but serious 
complication during laparoscopic procedures4-6. Like 
in our case, the majority of symptomatic cases of CO2 
embolism occurred during initial CO2 insufflation 
due to the misplacement of trocar or the Veress needle 
directly into a vein or a parenchymal organ4-6. In these 
occasions when a CO2 bolus enters the local venous 
circulation, subsequently traveling through the inferior 
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vena cava into the right atrium where a “gas lock” may 
occur, dropping the venous return and cardiac output, 
leading to hemodynamic collapse4-6. However, due to 
the physical characteristics an inflow of small volume 
of CO2 into the systemic circulation does not always 
cause such significant clinical symptoms8.

If a gas embolism is created, the clinical symptoms 
and degree of the hemodynamic impact of the gas 
embolism depend on the bubble size and amount or 
speed of the intravenous administration of the gas9. 
The absolute diagnosis depends on the detection of 
CO2 emboli in the right side of the heart; however, 
due to its rapid elimination, it may be diagnosed 
based on physiological parameters10. The associated 
changes include a rapid decrease in the EtCO2, cardiac 
arrhythmias, hypotension, hypoxia, increased central 
venous pressure, presence of “millwheel” murmur and 
electrocardiogram changes10.

Many diagnostic modalities have been used 
to detect gas embolism like transesophageal 
echocardiography (TEE), transesophageal Doppler 
and precordial Doppler. Although TEE is considered 
a sensitive tool, allowing detection of smaller CO2 
emboli5,11, the need for rapid detection and management, 
requires TEE to be placed prior to insufflation11. 
Moreover, TEE can distract the anesthesiologist due 
to increased incidence of non clinically significant gas 
emboli that do not require intervention12,13. In patients 
who underwent laparoscopic cholecystectomy, TEE 
assessment revealed CO2 gas emboli in most cases, 
without significant changes in the cardiorespiratory 
variables12. Additionally, using TEE gas embolism was 
detected in all patients undergoing laparoscopic total 
hysterectomy, and 37.5% of patients had significant 
amounts of CO2. However, no patient in this study 
showed hemodynamic instability or electrocardiogram 
changes at the time of venous air embolism 
occurrence13. Therefore, the use of TEE is not absolute 
and is not intended for every patient, but is an option 
that can be considered should a patient be evaluated to 
be a higher risk for CO2 emboli. The above confirms 
that the clinical effects of carbon dioxide embolism 
depend on the balance between the volume of carbon 
dioxide entering circulation and the amount of carbon 
dioxide removed from circulation3.

In our case, the diagnosis of CO2 embolus 

was made based on the documented rapid decrease 
in EtCO2, hypotension, and hypoxemia. Under the 
current standard, a rapid decrease in EtCO2 detected 
by capnography is an acceptable, sensitive and 
noninvasive method2,5 which can provide an early 
detection of as low as 0.25-0.5 ml/kg/min of gas 
entrainment in the venous circulation and is regarded 
as mandatory monitoring during laparoscopic 
procedures5,14. However, other causes of decreased 
EtCO2 should also be considered and excluded, such 
as monitoring error, position change of endotracheal 
tube, and pneumothorax7. Comparative study with 
TEE revealed that EtCO2 monitoring is sensitive 
enough to detect hemodynamically significant venous 
gas emboli episodes14.

In the current literature, there is only one 
case report of CO2 embolism during laparoscopic 
adrenalectomy15, while other five cases reported during 
retroperitoneal laparoscopic nephrectomy16. Cases of 
cardiac arrest have been reported after CO2 embolism 
with successful cardiopulmonary resuscitation or 
lethal outcome16-20.

Treatment of CO2 embolism includes immediate 
discontinuation of insufflation and release of the 
pneumoperitoneum5. The patient may be placed in a 
left-lateral decubitus position (Durant’s maneuver) and 
Trendelenburg position to relieve the ‘gas lock’ in the 
right side of the heart, though this has been refuted in 
animal studies21. In our case the patient was already in 
left-lateral decubitus position. Ventilation with 100% 
oxygen washes out entrained gas and improves V/Q 
mismatch and hypoxemia22,23. Aggressive volume 
expansion may reduce further gas entry by elevating 
central venous pressure7,22,23. Volume optimization 
prevents wide pressure gradients between the right 
atrium and the entraining vein. Aspiration of air 
from right atrium through the central venous catheter 
(especially Bunegin-Albin multi-orifice catheter) 
provide a quicker diagnosis, and significantly improves 
hemodynamic status by relieving ‘gas lock’5,24. 
Circulatory support and maintenance of coronary 
perfusion pressure is essential to prevent further 
deterioration of the right ventricular function22-24. 
Norepinephrine can significantly improve cardiac 
functions without constricting the pulmonary vessels 
and also it can combat the abrupt fall in blood pressure 
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that may occur after pheochromcytoma excision25,26. 
Vasodilators like nitrates can be used to reduce right 
ventricular afterload and are also useful in treating any 
intraoperative hypertensive episodes in the course of 
tumor excision25.

High dose remifentanil has been also used to control 
blood pressure fluctuations during pheochromocytoma 
excision26,27. In case of cardiac arrest, cardiopulmonary 
resuscitation should be performed according to the 
Advanced Cardiac Life Support protocol. External 
cardiac compression may help in the breakdown of the 
gas lock and its passage into pulmonary circulation5. 

Hyperbaric oxygen therapy has been found to be a 
useful treatment, especially in the neurologic deficits 
caused by paradoxic cerebral gas emboli28.

In summary, we present a case of CO2 venous gas 
embolism during laparoscopic adrenalectomy, which 
was presented with sudden fall in EtCO2, hypoxia 
and hypotension. It helps to remind clinicians of this 
potentially fatal complication during laparoscopic 
surgery and the importance of early detection of gas 
embolism with prompt resuscitation that may result in 
a favorable post-operative outcome.
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GRANULOMATOSIS WITH POLYANGIITIS: IMPLICATIONS  
ON ANESTHETIC MANAGEMENT

ABDUL-LATIF HAMDAN1 AND ELIE KHALIFEE11∗

Abstract

This is the case of a 44-year-old lady, known to have GPA since 9 years, who presented 
with symptoms of shortness of breath at rest. On presentation, laryngoscopic examination revealed 
bilateral mobile cords with significant subglottic stenosis. Computerized tomography of the neck 
revealed a subglottic stenosis extending over a length of 2.8cm with the airway measuring 9x6mm 
at the narrowest level. Anesthesiologists must bear in mind the multi-organ system implications 
of GPA when managing the airway. Delicate anesthetic, pharmacologic, and surgical regimens 
must be utilized in order to deal with the difficult airway and avoid inadvertent airway risks and 
unnecessary tracheostomies.

Keywords: Granulomatosis with polyangiitis, Wegner’s disease, stenosis, anesthesia, 
intubation.

Introduction

Granulomatosis with polyangiitis (GPA), also known as Wegner’s granulomatosis, is a 
necrotizing non-caseating granulomatous inflammatory disease of the respiratory tract accompanied 
by vasculitis of small and medium sized vessels1. With a prevalence of three cases per 100,000 
individuals, GPA is a rare disorder with a peak incidence in the fifth decade of life2. The involvement 
of the laryngotracheal complex in GPA is not rare and ranges from mild narrowing to severe 
circumferential stenosis that can be life threatening. The active phase of GPA is characterized by 
inflammation of tracheal mucosa which, within a variable period of time, can cause fibrotic scar 
tissue formation in an already compromised lumen eventually leading to symptoms of dyspnea, 
cough, dysphonia, and stridor3,4.

Daijo et al reported the first case of unexpectedly difficult intubation leading to a diagnosis 
of GPA5. As tracheal inflammation and subglottic stenosis in GPA can cause inadvertent risk for 
endotracheal intubation, the anesthetic management in these patients requires consideration of the 
pathophysiological alterations in this disease. Reports on GPA and anesthesia are in fact limited5,6,7. 
The purpose of this report is to describe a rare case of GPA affecting the upper airway and shed 
more light on the anesthetic management in these patients.
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 Corresponding Author: Elie Khalifee, MD, American University of Beirut Medical Center, Department of Otolaryngology, 
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Case Report

This is the case of a 44-year-old lady, known 
to have GPA since 9 years, who presented with 
progressive shortness of breath at rest. The patient 
was a nonsmoker and had an otherwise negative past 
medical and surgical history. Her disease had been 
under control for several years on cycles of intravenous 
dexamethasone, ranitidine, and rituximab. Examination 
of nasal cavity revealed excessive crusting and 
irregular granular thickening of the mucosa (See figure 
1). Laryngoscopic examination revealed bilateral 
mobile cords with significant subglottic stenosis (See 
figure 2). Patient was prescribed prednisone 20mg 
orally daily and computerized tomography of the neck 
without intravenous contrast was requested to further 
delineate the extent of her airway disease. Radiologic 
imaging revealed a subglottic stenosis extending over 
a length of 2.8cm with the airway measuring 9x6 mm 
at the narrowest level (See figure 3). On follow-up 10 
days later, patient reported marked improvement in her 
shortness of breath.

Discussion

GPA is a rare autoimmune disease of unknown 
etiology that can affect multiple organ systems. When 

Fig� 1 
Nasal cavity with excessive crusting 
and irregular granular thickening of 

the mucosa

the sinonasal tract is affected, patients complain of 
recurrent epistaxis, nasal crusting and nasal obstruction 
with facial heaviness, pain, and tenderness. These 
symptoms are invariably secondary to irregularly 
thickened nasal mucosa with granular formation, 
crusting, ulceration, and necrosis often times leading 
to septal perforation and nasal saddle deformity8-10. 
On the other hand, laryngotracheal involvement may 
remain silent with subtle or non-existent symptoms 
in view of the rarity of vocal cords involvement. A 
retrospective chart review of 35 GPA patients by 
Gardiani et al revealed multilevel airway involvement 
in one third of patients and cricoarytenoid involvement 
with fixation of the vocal folds in 20% of the cases11. 
Since airway involvement may precede systemic 
manifestations of the disease, physicians must have a 
high degree of suspicion in order to ensure a timely 
diagnosis and prevent inadvertent risks during surgical 
and anesthetic management.

To that end, anesthetic management in these 
patients should start with the assumption of a difficult 
airway. Although the implications of the disease 
on anesthetic management are ample, reports on 
the anesthetic management of GPA are limited5,6,7. 
Anesthesiologists must take into consideration the 
abnormalities in the various organ systems involved, 
namely respiratory, cardiovascular, nervous and renal 
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systems6. When a diagnosis of GPA is suspected, 
anesthesiologists are encouraged to perform a 
thorough nasal and laryngoscopic examination to note 
the presence of any crusts, ulcers or perforations in 
the nose, palate or pharynx6,12. Careful planning and 
extreme gentleness during intubation are necessary 
to avoid bleeding from granulomas or dislodgement 
of crusts or tissue into an already narrowed airway as 
a case of mortality due to impaction of nasal crusts 
has been reported12. Subsequently, endotracheal tubes 
of different sizes, especially smaller sizes, must be 
prepared and available at hand.

GPA may also involve the coronaries and 
peripheral arteries and veins13. Anesthesiologists 
must avoid any increase in preload, afterload, or 
heart rate that may cause myocardial ischemia or 
arythmias6. Due to the risk of infarction of the digits, 
caution must be taken with arterial punctures and 
indwelling arterial lines as well6. In addition, careful 
neurologic examination must be done in order to rule 
out relative anesthesia contraindications. At the same 
time, anesthetics and medications that are renally 
excreted must be used with caution6,13. Therefore, 
special treatment employing delicate anesthetic, 
pharmacologic and surgical regimens must be used 
to avoid inadvertent airway risks and otherwise 
unnecessary permanent tracheostomies14.

Fig�2 
Laryngoscopic examination revealing 
normal vocal cords with significant 

subglottic stenosis

Fig� 3 
Computerized tomography revealing subglottic stenosis over a 

length of 2�8cm and measuring 9x6mm at narrowest level
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