
AL-AZHAR ASSIUT MEDICAL JOURNAL AAMJ ,VOL 13 , NO 4 , OCTOPER 2015 SUPPL-2 

 

131 | P a g e  

  

CAN PULSE OXIMETERY USED AS INTRAOPERATIVE INDICATOR FOR 

SUCCESSFUL THORACIC SYMPATHECTOMY 
Al-Metwaly Ragab,Walied khereba and Khaled Attia 

Vascular Surgery ; Al-Azhar faculty of Medicine- new Damietta 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

ABSTRACT 

Background: primary hyperhidrosis is a challenging medical problem with sympathectomy as a 

curative method. However, failure of the procedure is reported and the need for early, real time, 

intraoperative monitoring indicator of success is mandatory. Aim of the work: to investigate the role 

of perfusion index as intraoperative indicator of the success of thoracic sympathectomy.Patients and 

methods:  a prospective evaluation of the results of 84 patients who were presented by bilateral 

hyperhidrosis and thus underwent sympathectomy was done. Clinical data, patient demographic, 

intraoperative temperature and perfusion indices values were reviewed and included in statistical 

analysis. Results:the procedure was succeeded in 80sides  (95.2%) and failed in 4  sides  (4.8%). 

There was statistically significant increase of perfusion index in succeeded when compared to failed 

procedures starting one minute after transaction of nerves and continued up to more than 20 minutes. 

In addition, PI was significantly correlated with clinical success (dryness of hand at follow up). On the 

other hand, rise in palm temperatures was significantly associated with procedure success. However, it 

failed to predict success in all patients, as 14.5% and 11.6% of succeeded cases had temperature ≤ 

1.
o
C and 1-1.5 

o
C respectively. Conclusion: The intraoperative PI is an additional useful indicator of 

successful thoracic sympathectomy. Using cutoff point of a 50% increase in PI in the treated extremity 

is highly correlated with successful sympathectomy 
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INTRODUCTION 

 Primary hyperhidrosis is defined as idiopathic 

sweating in excess of that desirable for ordinary 

thermoregulation(Cerfolio et al., 2011). 

 Although not deadly, it is often a reason for 

anxiety throughout everyday events such as pen 

holding, hand-shaking, playing sports, and 

driving. It affects 1% to 3% of populations and 

affects equally men and women. It could be 

expressed at any age, but tends to affect mainly 

adolescents and young adults(Benson et al., 

2013). 

Surgery is generally reserved for patients who 

failed less invasive interventions. The 

interruption of the thoracic sympathetic chain is 

widely recognized as the standard surgical 

option for primary palmar hyperhidrosis (PH), 

and endoscopic thoracic sympathectomy has 

been widely practiced since Kux introduced the 

procedure in 1978. 

Intraoperative real-time assessmentof the 

sympathectomy may offer another data point 

offeedback that is useful for surgeons in both 

routinecases and those with unclear anatomy. 

Intraoperativemonitoring with laser Doppler 

blood flow(Ng and Yeo, 2003; Sano et al., 

1999) andpalmar skin temperature 

monitoring(Kao, 2001; Lu et al., 2000a; Liu et 

al., 2015) have beeninvestigated and variably 

adopted 

Pulse oximetry is standard monitoring in every 

patientundergoing a surgical intervention to 

offer evaluation ofarterial oxygen saturation. In 

addition, pulse oximetryprovides information 

regarding quantitative changes inheart rate and 

arterial pulsatility, because the built-insoftware 

automatically calculates the perfusion index(PI) 

from the equation PI = (Vmax – Vmin)/Vmaxmean, 

where Vmaxis peak velocity and Vmin is 

lowestvelocity. Thus, PI is the ratio of the 

pulsatileblood flow to the non-pulsatile static 

blood flow at thesensor site and therefore can 

have high variability withindividual patients, 

physiologic conditions, and monitoringsites. 

Successful thoracic sympathectomy is 

invariably associatedwith an immediate 

decrease in upper limb arterialresistance and 

increased arterial blood flow. Thesechanges also 

manifest as an increase in skin temperatureand 

PI. It has been shown that pulse oximetry–

derived PI can serve as an indicator of 

successful sympathectomy(Klodell et al., 

2005).  

AIM OF THE WORK 

The present study was designed to investigate 

the role of perfusion index as intraoperative 

indicator of the success of thoracic 

sympathectomy.  

METHODOLOGY 

After institutional research and ethics review 

board approval and an informed consent, 42 

consecutive patients were included between 

June 2013 and June 2015 and 

studiedprospectively. No one had previous 

surgical treatment for hyperhidrosis, but all had 

used atleast 1 noninvasive treatment option and 
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all had bilateral palmar hyperhidrosis. All 

patients underwentbilateral thoracic 

sympathectomy under general anesthesia. 

Patients with tuberculosis, tuberculous pleurisy, 

suspicious pleural dense adhesions, and 

secondary hyperhidrosis due to hyperthyroidism 

and diabetes were excluded from the study. 

All patients underwent routine preoperative 

screening, including chest X-ray, 

electrocardiograph (ECG), and laboratory blood 

tests including hematologic, electrolyte, 

coagulation, renal, and liver profiles. 

Under general anesthesia with single lung 

isolation technique with single lumen 

endotracheal tube was used in all patient. A first 

5 mm incision was made in the fourth 

intercostal space at the midaxillary lineand 

insertion of 5mm trocar for insufflation and 5 

mm telescope. a second 5mm incision in third 

intercostal space was done in anterior axillary 

line using 5mm trocar for 

manipulation.Identification of sympathetic 

chain and cutting it at T2 and T4 was performed 

by electrocoagulation. Palm temperature 

measurement was performed with a ther-

mometer. Ipsilateral palm temperature was 

monitored before sympathectomy, and then 

every five minutes after sympathetic trunk 

transection, and the highest temperature was 

used for statistical evaluation.Patients were 

followed postoperatively, to document 

improvement of palmar sweating, side effects 

and severity of compensatory hyperhidrosis 

(CH). With regards to improvement of palmar 

sweating, categories of dry, slightly damp, and 

wet were used. “Dry” was defined as the palm 

being completely without sweat in any 

condition. “Slightly damp” was defined as the 

palm being slightly damp under excessive heat 

or anxiety, but without visible sweat, obvious 

discomfort, and still having achieved patient’s 

satisfaction (both were considered as success of 

sympathectomy). “Wet” was defined as 

significant sweating, or no significant 

improvement compared with preoperative levels 

(considered failure). During follow-up, both 

palms of the same patient were evaluated 

separately. 

In addition, Oximetry-derived pulse wave 

amplitude and PIwere recorded from the upper 

extremities and earlobes.Data points were 

collected before the division of thesympathetic 

trunk and then every minute for 5 

consecutiveminutes. Subsequent data were 

collected every 5minutes until the procedure 

was completed. Followingprior studies, a 

successful sympathectomy was defined as an 

increase in the pulse wave amplitude and PIby 

at least 50%. 

Statistical analysis of data:  

by using statistical package for social 

science, the collected data were analyzed. 

Quantitative data were expressed as mean ± 

standard deviation (SD), while categorical data 

were expressed as relative frequency (number) 

and percentage. Comparison between groups 

was done by independent samples (t) test and 

Chi square or Mann-Whitney test for numerical 

and categorical data respectively. P value < 0.05 

was considered significant.  

RESULTS 

In the present study, the procedure was 

succeeded in 80 sides out of 84sides  (95.2%) 

and failed in 4 sides (4.8%). Males represented 

41.3% and 75.0% and female 58.8% and 25.0% 

of succeeded and failed groups respectively. 

There was no significant difference between 

succeeded and failed groups regarding patient 

age (23.26±3.46 vs 23.25±1.70). However, there 

was statistically significant increase of rise in 

Tmax ≥1.5
o
C in succeeded when compared to 

failed groups (66.3%, 0.0%), and significant 

decrease of Tmax, ≤1
o
C in succeeded when 

compared to failed groups (16.3% vs 50.0%). 

The clinical success showed significant increase 

of dry and slightly damp hands in succeeded 

when compared to failed cases (86.3%, 13.8% 

vs 0.0%, 0.0%), while there was significant 

decrease of wet hands in succeeded when 

compared to failed groups (0.0% vs 100.0%) 

(Table 1). 

Before sympathectomy, there was no significant 

difference between succeeded and failed groups 

regarding PI, while after sympathectomy, there 

was statistically significant increase of PI in 

succeeded when compared to failed groups on 

right and left hands (table 2).  

As regard to relation between highest rise in 

temperature and clinical success, 73.9% and 

11.6% of dry hands had rise in temperature  > 

1.5, and 1- 1.5 respectively, while 14.5% of dry 

hands had temperature ≤1.0; the slightly damp 

hand had 18.2%, 54.5% and 27.3% with > 1.5, 

1.0-1.5 and  ≤1.0 rise in temperature 

respectively. On the other hand, wet hands had 

temperature rise 1.0 – 1.5 and ≤1.
0
Cin 50% and 

50% respectively (table 3).  

When search for the relation between clinical 

success and PI, there was statistically significant 

decrease in wet when compared to either dry or 

slightly damp hands (table 4).  
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Table (1): Comparison between failed and succeeded (defined by 50% increase in PI) 

sympathectomy as regard to patient characteristics, Tmax and clinical success 
Variable Success (n= 80 side ) Failure (n=4sides) Test P value 

Age (year) 23.26±3.46 23.25±1.70 0.01 0.99 

Sex 
Male 33(41.3%) 3(75.0%) 

1.77 0.18(ns) 
Female 47(58.8%) 1(25.0%) 

Rise in 

temperature 

> 1.5
o
C 53(66.3%) 0(0.0%) 

7.19 0.027* 1-1.5
o
C 14(17.5%) 2(50.0%) 

≤ 1
o
C 13(16.3%) 2(50.0%) 

Hand at 

follow up 

Dry 69(86.3%) 0(0.0%) 

84.0 <0.001* Slightly damp 11(13.8%) 0(0.0%) 

Wet 0(0%) 4(100.0%) 

Table (2):  perfusion index before and at different time points after sympathectomy in succeeded 

and failed groups 

 
 Success  Failure 

t p 
Mean SD Mean SD 

Right hand 

Basal 2.38 0.10 2.37 0.09 0.07 0.93(ns) 

1 min 3.72 0.41 2.77 0.75 4.31 <0.001* 

5min 4.51 0.64 2.95 1.03 4.66 <0.001* 

10min 5.18 0.85 3.15 1.30 4.55 <0.001* 

15min 5.87 1.02 3.38 1.61 4.63 <0.001* 

20min 6.21 1.10 3.55 1.83 4.54 <0.001* 

Last measure 6.60 1.18 3.82 2.12 4.39 <0.001* 

Left hand 

Basal 1.9 0.12 2.02 0.17 0.39 0.69(ns) 

1 min 3.36 0.42 2.47 0.77 3.92 <0.001* 

5min 4.02 0.61 2.66 1.09 4.47 <0.001* 

10min 4.28 0.67 2.69 1.01 4.18 <0.001* 

15min 4.94 0.86 2.99 1.48 4.06 <0.001* 

20min 5.25 0.97 3.13 1.84 4.33 <0.001* 

Last measure 5.59 1.03 3.22 1.79 4.34 <0.001* 

Table (3): Relation between Tmax and clinical success 

 
Dry(69) Slightly damp (11) Wet (4) 

N %success n %success n %success 

 

Temp 

> 1.5 (n=19) 51 73.9% 2 18.2% 0 0.0% 

1- 1.5 (n=7) 8 11.6% 6 54.5% 2 50.0% 

<=1.0 (n=16) 10 14.5% 3 27.3% 2 50.0% 

Statistics X
2
= 21.92, p <0.001*  

Table (4): relation between clinical success and PI 

 
Dry Slightly damp Wet 

F p 
Mean SD Mean SD Mean SD 

Right 

Basal 2.37 0.09 2.37 0.08 2.37 0.09 0.004 0.99(ns) 

1 min 3.71 0.44 3.80 0.14 2.77
#
 0.75 9.43 <0.001* 

5min 4.47 0.68 4.77 0.14 2.95
#
 1.03 11.66 <0.001* 

10min 5.13 0.89 5.52 0.26 3.15
#
 1.30 11.50 <0.001* 

15min 5.82 1.09 6.18 0.17 3.38
#
 1.61 11.29 <0.001* 

20min 6.15 1.17 6.56 0.22 3.55
#
 1.83 10.99 <0.001* 

Last measure 6.54 1.26 7.00 0.11 3.82
#
 2.12 10.39 <0.001* 

Left 

Basal 2.00 0.12 1.99 0.14 2.02 0.17 0.09 0.90(ns) 

1 min 3.34 0.45 3.49 0.14 2.47
#
 0.77 8.22 <0.001* 

5min 3.99 0.65 4.24 0.08 2.66
#
 1.09 9.55 <0.001* 

10min 4.25 0.72 4.47 0.06 2.69
#
 1.016 10.48 <0.001* 

15min 4.89 0.92 5.25 0.11 2.99
#
 1.48 9.90 <0.001* 

20min 5.20 1.03 5.55 0.18 3.13
#
 1.84 8.86 <0.001* 

Last measure 5.53 1.10 5.93 0.09 3.22
#
 1.79 10.06 <0.001* 

ns: non-significant; * : significant; #: significant decrease in wet when compared to either dry or 

slightly damp subgroup.  
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DISCUSSION 

In the present work, the failure rate was 4.8%; 

which seems to be high when compared to 

previous studies who reported overall failure 

rate of 1-2%(Gossot et al., 2003; Kao, 2001), 

which could not be explained except in the light 

of different sample size and bilaterally of all 

studied populations with prospective nature of 

the study. Kim et al. (2005) reported that, the 

cause of the persistent symptoms atthe time of 

the repeated operation may be due to intact 

sympathetic chain (11.1%), incomplete 

resection(16.7%), clip migration (30.5%), and 

idiopathic (13.9%). In addition, Ramsaroop et 

al. (2003) and Chung et al. (2004) concluded 

that, surgical technical errors led to failures. 

Additionally,variability in the sympathetic chain 

and thenerve of Kuntz may impact the success 

of the ETS procedure.Thus, it is so important to 

search for real time intraoperative monitoring 

procedures to predict success of 

sympathectomy.  

Results of the present study revealed that, PI is a 

good predictor for clinical success of 

sympathectomy, while highest rise of body 

temperature had less sensitivity as there were 

patients who were clinically succeeded, but had 

a highest rise of ≤ 1
0
c (the marker of failure as 

proposed previously).  

When there is sympathetic stimulation of the 

palms nerves, there is sweatingand contraction 

of capillaries. Thus, a decrease in palmar 

sweating and rise in palmar temperature are 

associated manifestations of thoracic 

sympathectomy. Consequently different 

surgeons measure palm temperature 

intraoperatively to confirm nerve transection. 

After that, it became easier to identify 

sympathectomy was successful and the 

measurement of palm temperature was 

gradually vanishes. However, many authors 

believed that Intraoperative palmar temperature 

is associated with the success of transaction. 

Some authors used palm temperature change to 

guide surgical procedure options. For example, 

Kao et al. (1994)suggested 3°C rise in palm 

temperature as the cutoff point. For those whose 

palm temperature rise did not reach 3°C, the 

extension of the resection was recommended. In 

2009, Li et al. suggested that a rise in palm 

temperature of less than 1.5°C in T4 

sympathectomy required extension to T3 

sympathectomy, and even T2 sympathectomy if 

the temperature rise was not obvious.  They 

recommended that further research is required 

to validate this method. However, Lu et al. 

(2000b) reported that in approximately 10% of 

patients, palmar temperature did not change 

after sympathectomy.Liu et al. (2015) 

concluded that, although there is an association 

between palm temperature and clinical cure of 

hyperhidrosis, it cannot be used as a predictor of 

success or guide the levels of the 

sympathectomy. They attributed this to the fact 

that, intraoperative palm temperature could be 

affected by many factors which cannot be 

controlled, such as operating room ambient 

temperature, depth of anesthesia, the warming 

effect after application of drapes and the entry 

of cold air after opening of the pleural cavity. 

The temperature can fluctuate at different stages 

during the operation (from skin incision to nerve 

section). This may be the root reason why it is 

ineffective to predict the curative effect based 

upon intraoperative palm temperature change. 

Hence, the importance of perfusion index as an 

indicator of cure. In addition, Huang et al. 

(2013) reported that, PI was more marked and 

was statistically significant earlier than changes 

in skin temperature following thoracic 

sympathetic blockade. They concluded that, PI 

can be used to indicate successful thoracic 

sympathetic blockade with 97%sensitivity and 

100% specificity. 

In the present work, PI was significantly 

increased 1 minute after sympathectomy and 

there was steadiness in this increase up to 20 

minutes after nerve transection. The advantage 

of pulse oximetry over other monitoring 

methods included: it is a standard monitor for 

every patientundergoing general anesthesia and, 

in addition to oxygensaturation, can also report 

the degree of blood flow pulsatilityfrom the 

pulse wave amplitude. The software inmany 

monitors automatically display the PI, which 

ismore rapidly acquired and available than 

many othermethods to access upper extremity 

blood flow. The pulseoximeter is 

inexpensive,and requires no additional steps to 

process the results. Results of the present work 

is comparable to those reported by Klodell et al. 

(2005)who reported that, pulse oximetry–

derived PI can serve as an indicator of 

successful sympathectomy. 

It is well known that sympathetic blockade of 

the highthoracic chain is associated with arterial 

vasodilation ofthe upper 

extremity(Charkoudian et al., 2002; Eisenach 

et al., 2002). The local vascular 

resistancedecreases with a concomitant increase 

in arterial flow.Indices that measure changes in 

perfusion flow aredependent on vascular tone. 
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An increased PI is anindicator of vasodilation 

resulting from sympatheticblockade(Asmar, 

1999, 1997). 
In summary, the intraoperative PI is an 

additional useful indicatorof successful thoracic 

sympathectomy. Using cutoff point of a 50% 

increase in PI inthe treated extremity is highly 

correlated with successfulsympathectomy. 
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