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Duration of one‑lung ventilation stage, POSSUM 
value and the quality of post‑operative analgesia 
significantly affect survival and length of stay 
on intensive care unit of patients undergoing 
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A B S T R A C T

Purpose: To analyze different factors affecting the outcome of patients undergoing 
Two Stage Esophagectomy (TSE) for the treatment of esophageal carcinoma (EC) while 
relating these factors to the length of stay on Intensive Care Unit (ILOS), mortality, and 
morbidity. Methods: Retrospective study of case‑notes of 45 patients who underwent a 
TSE for resection of EC at a general district hospital in the United Kingdom (UK). These 
procedures were performed by the same surgical team and followed same approach, 
known as the Ivor‑Lewis procedure. Results: The duration of One Lung Ventilation (OLV) 
during TSE was found to be critical for patient’s outcome. Statistical analysis suggested 
a potentially strong effect of the duration of OLV (range: 90‑320 minutes) on the 
ILOS (P=0.001). The ratio OLV: Total duration of surgery (TOT) was significantly 
different in early post‑operative (PO) deaths (within 3 months) and late deaths after the 
third month (P=0.032). The POSSUM value (Physiological and Operative Severity Score 
for Enumeration of Mortality) correlated well with ILOS (P=0.05). Regression analysis 
showed a strong relationship between the two variables (P=0.03). An excellent to good 
quality of PO analgesia allowed for shorter ILOS (P=0.023). Conclusions: Duration of 
the OLV appears as an important factor in the outcome of patients. POSSUM value 
could help in planning the post‑operative critical care need of patients undergoing TSE. 
A well managed post‑operative pain allowed to reduce the ILOS.
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carcinoma. The relative incidence of  each type depends on 
gender, geographical region, and particular risk factors such 
as smoking, heavy alcohol consumption, Barret’s disease, 
and alimentary regimes.[2-5] In the UK, the prevalence of  
this disease reaches 9/100,000 and accounts for 2.2% 
of  all malignancies.[6] Patients often present to surgery at 
advanced stage (T3 N1 Mx) reducing the chances of  5-year 
survival (80% if  stage T1; 30% if  stage T2; 18% if  T3, and 4% 
for stage T4).[7] Treatment of  EC is two-fold: Palliative and 
curative. Aiming to cure the local tumor, the surgery can be a 
one-stage, two-stage, or three-stage depending on anatomical 
location and extent of  the disease. Minimally-invasive, 
laparoscopic, and thoracoscopic techniques have also 
been successfully implemented.[7] Patients are usually 
managed on the Intensive Care Unit (ICU) in the early 
post-operative (PO) period before being transferred to a 

INTRODUCTION

Esophageal carcinoma (EC) is a very taxing disease 
with over 480,000 cases of  diagnosed in 2008 and over 
40,000 deaths were linked to it during the same period.[1] It is 
the eighth of  most common cancers worldwide.[1] Two types 
of  EC are well known: Adenocarcinoma and squamous cell 
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surgical ward. Systemic algorithms have been proposed 
in order to reduce the need for ICU and expedite patient 
recovery.[8,9] Two-Stage Esophagectomy (TSE), also known 
as “Ivor-Lewis” procedure, is a commonly adopted technique 
for the resection of  EC. TSE is a major surgical intervention 
and often presents a real challenge for the operating team. 
This is because of  the fragile nature of  patient to be operated, 
the requirement for both thoracotomy and laparotomy and 
the	potential	 significant	 impact	of 	PO	complications	on	
patient outcome. Careful PO preparation and anesthetic 
technique, experienced surgical staff  and appropriate 
intensive care backup could favorably impact on the survival 
rate and PO quality of  life of  the patient, at least for the 
short-term. Analyzing these factors seems thus critical to 
improve mortality and morbidity following TSE.

METHODS

Since patients were not subjected to any intervention 
other than usual care, no written informed consent was 
necessary.	Personal	information	and	patient	confidentiality	
were guaranteed. Anonymous data collection, as approved 
and facilitated by the Audit department of  the institution, 
was conducted. The study thus complied with Helsinki 
Declaration of  1975 and its subsequent revisions as well 
as with national regulations in the United Kingdom (UK).

We	identified	45	patients	who	underwent	TSE	at	our	district	
general	hospital	between	1999	and	2005.	All	had	a	confirmed	

EC and underwent the same surgical technique, two-stage 
esophagectomy, as main curative treatment. All were 
performed by the same surgical team as per the Ivor-Lewis 
approach. We attempted to identify relevant factors affecting 
their outcome throughout the peri-operative period. All 
patients had a general anesthetic-induced using Propofol, 
Fentanyl, and muscle relaxant. Airway was secured using a 
conventional single-lumen endotracheal cuffed tube and 
anesthesia	maintained	by	 inhaled	 agents	 (Sevoflurane	or	
Isoflurane).	Before	starting	the	thoracic	approach,	patients	
had	a	fiber‑optic	guided	bronchial	blocker	placed	in	the	right	
main	bronchus	to	allow	deflation	of 	the	right	lung.	Patients	
were then placed in left lateral decubitus and the thoracic 
stage started. Thoracic Epidural Analgesia (TEA) was the 
main method of  PO analgesia (see below). A thoracic 
epidural catheter was placed between T6 and T9 using loss 
of  resistance technique. One patient had an intra-thecal 
catheter and one other was managed using patient controlled 
analgesia (PCA) with intravenous (IV) Morphine. An 
epidural infusion of  a mixture of  Bupivacaine 0.125% 
and Fentanyl 2 mcg/m was initiated before the reversal 
of  general anesthesia and titrated to reach satisfactory 
analgesia while allowing a good cough effort. Continued 
on the ICU, the TEA was gradually weaned-off  within 
the	first	week	post‑operatively.	Data	 collected	 included:	
General demographic, pre-operative physiological status 
including POSSUM score [Tables 1 and 2][10] and the 
American Society of  Anesthesiologists grades (ASA), 
anesthetic technique, and intra-operative cardiovascular 

Table 1: Physiological  score  (to be scored at  the  time of  surgery)
Variable Score value

1 2 4 8
Age (yr) ≤60 61‑70 ≥71
Cardiac signs No failure Diuretic, digoxin, anti‑anginal 

or hypertensive therapy
Peripheral edema, warfarin 

therapy
Raised jugular venous pressure

Chest radiography Borderline cardiomegaly Cardiomegaly
Respiratory symptoms No dyspnea Dyspnea on exertion Limiting dyspnea (one flight) Dyspnea at rest (rate ≥30/min)
Chest radiograph normal Mild COAD Moderate COAD Fibrosis or consolidation
Systolic blood (mmHg) 110‑130 131‑170 

100‑109
≥171 

90‑99 
‑ 

≤89
Pulse rate
(beats/min)

50‑80 81‑100 
40‑49

101‑120 >121 
≤39

Glascow coma score 15 12‑14 9‑11 ≤8
Hemoglobin (g/100 ml) 13‑16 11.5‑12 

16.1‑1 7.0
10.0‑11.4 
17.1‑18.0

≤9.9 
≥18.1

White cell count (×1012/l) 4‑10 10.1‑20 
3.1‑4

≥20.1 
≤3

Urea (mmol/l) ≤7.5 7.6‑10 10.1‑15 ≥15
Sodium (mmol/l) ≥136 131‑135 126‑130 ≤125
Potassium (mmol/l) 3.5‑5 3.2‑3.4 

5.1‑5.3
2.9‑3.1 
5.4‑5.9

≤2.8 
≥6

Electrocardiogram Normal Atrial fibrillation 
(rate 60‑90)

Any other abnormal rhythm or ≥5 ectopics/min 
Q waves or ST/T wave changes

COAD – Chronic obstructive airway disease
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optimization. Other intra-operative data was also 
explored: Length of  the procedure Time on Table (TOT), 
duration of  One Lung Ventilation (OLV) and estimated 
blood loss (EBL) in addition to the average rate of  
intra‑operative	fluid	 therapy	 (avIOF)	 and	 the	 corrected	
avIOF (avIOFc) calculated as the difference between avIOF 
and average EBL. PO data included: Length of  stay on the 
ICU (ILOS), readmission due to requirement for mechanical 
ventilation (re-ventilation), method and quality of  analgesia, 
morbidities and early and delayed mortalities.

RESULTS

Demographic data
Male:female ratio was 3:4. Average age was 64 years 
(range: 41-79). Tumor stage was known in 44 patients. 
Sixty-eight percent of  patients presented to surgery at 
T3N1 stage (n=30), 16% were at T2Nx stage (n=8) and 
14% at T1Nx (n=6).

Pre‑and intra‑operative data
The majority of  patients were considered ASA II grade 
(67%; n=31) and ASA III (n=11; 25%) while a minority were 
considered as ASA I (n=8%; n=3). POSSUM mean score was 
20. First and third quartiles were 16 and 22, consecutively. 
Patients were grouped into three arbitrary categories of  
POSSUM ranges: 11-15, considered low risk (n=10; 22%), 
16-21, considered intermediate risk (n=20; 45%), and 22-30, 
considered high risk (n=15; 33%).

ILOS, PO complications, and OLV
The ILOS represented the total stay of  immediate 
PO admission and any later readmission (excluding 
High Dependency Unit, HDU). Mean ILOS was 
8.4 days (range: 2-62 days). The mean length of  OLV was 
150 minutes (range: 90-320 minutes). Patients discharge 
from the ICU was usually within 48 hours post-operatively 
provided they were vitally stable with satisfactory analgesia . 
The care was continued on surgical wards and occasionally 
on HDU. ILOS correlated positively with OLV (Spearsman’s 
R=0.49, P=0.001). The linear regression model, in this case 

yielded a P value of  0.015 (F-ratio=6.58). The mean total 
duration of  surgery (TOT) was 442 minutes (range: 240-
600 minutes). The ILOS did not correlate with the TOT. All 
early	deaths	(within	the	first	3	month	post‑operatively)	had	
a relatively more prolonged OLV compared to patients who 
died after the 3rd month (P=0.032, Pearson’s Chi Square 
statistic: 8.813). The ratio OLV: TOT (mean=0.353; range: 
0.25-0.75) more strongly correlated with the ILOS than 
OLV itself  (P<0.001; Pearson’s R statistic: 0.513; intercept: 
0.345). Anastomosis leak seems also to be affected by this 
ratio (P=0.015; t	statistic:	−2.555;	df:	37).

4.4% of  patients (n=2)	 died	within	 the	first	month	of 	
surgery,	2.2%	within	the	first	3	months,	and	6.7%	(n=3) 
died after the 3rd month and within the 12 months 
post-operatively. All these deaths occurred in patients 
operated at stage tumor stage T3Nx and represented a 
mortality of  20% (n=6) in this group (n=30) and 13.3% of  
all patients (n=45). Respiratory complications such as chest 
infections, loss of  space, pleural effusions, and retained 
secretions were observed in 54% of  patients (n=24) 
with 18% (n=8)	 defined	 as	 “acute	 respiratory	 failure”.	
As a whole, respiratory complications did not correlate 
with the total ILOS (R=0.024; P=0.88), the duration of  
surgery (P=0.98) or the length of  OLV period (P=0.94).

PO atrial fibrillation (AF) was observed in 27% of  
patients (n=12). The incidence of  sepsis reached 20% (n=9). 
Anastomosis leak occurred in 9% of  patients (n=4). Serious 
myocardial ischemic events were observed in 7% of  
patients (n=3). Variable mild gastrointestinal and central 
nervous system (CNS) symptoms were observed in 22% 
of  patients (n=10).

Pre‑ and intra‑operative status
POSSUM value [Tables 1 and 2] correlated with the 
ILOS (Spearsman’s R=0.39, P=0.05). Regression analysis 
shows a relatively strong relationship between the two 
variables (P=0.03;	F‑ratio=5.33).	ASA	grade	significantly	
correlated to the ILOS (Spearsman’s R=0.39, P=0.007), 
linear	 regression	model	 yields	 a	 significant P value at 

Table 2: Operative severity  score  (Definitions of  surgical procedures with  regard  to severity  are 
guidelines; not  all  the procedures are  listed and  the closest  should be selected)
Variable Score value

1 2 4 8
Operative severity Minor Moderate Major Major +
Multiple procedures 1 2 >2
Total blood loss (ml) ≤100 101‑500 501‑999 >1,000
Peritoneal soiling None Minor (serous fluid) Local pus Free bowel content, pus or blood
Presence of 
malignancy

None Primary only Nodal metastases Distant metastases

Mode of surgery Elective Emergency resuscitation of >2 h possible; 
operation <24 h after admission

Emergency (immediate surgery 
<2 h needed)
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0.017 (F-ratio=6.2). Age, on the opposite did not correlate 
with the actual ILOS (Spearsman’s R=0.25, P=0.095).

Quality of PO analgesia
Depending on how often they required additional 
interventions to achieve satisfactory pain control, patients 
were grouped into three categories. In category “a”, 
60% of  patients (n=26), the TEA was adequate without 
requiring more than one “top-up bolus” dose as a rescue 
intervention, “b”, 16% of  patients (n=7), up to three 
top-ups boluses were needed for adequate analgesia and 
“c”, 24% (n=10), more than three top-ups resiting the 
epidural catheter or complete change of  mode of  analgesia 
were required. Thus, “a” was considered as excellent, “b” 
very good to good and “c” poor analgesia. Patients who 
received an excellent to good epidural analgesia had shorter 
ILOS (P=0.023) but no statistical link could be made 
between the quality of  analgesia and the incidence of  PO 
adverse respiratory events (P=0.52).

Readmission to the ICU
As many as 25% of  patients (n=11) had to be readmitted 
on the ICU for mechanical ventilation. However, this 
event itself  did not lead to a longer overall ILOS of  these 
patients (Mean 14.2; SD=12.8) versus those who did not 
require re-ventilation (Mean=6.5; SD=12.02). Despite 
clinical	 significance,	 statistical	 significance	 could	not	 be	
confirmed	(P=0.073). Moreover, the association between 
respiratory complications and re-ventilation requirement 
is	found	to	be	non‑significant	(P=0.063).

PO AF, respiratory events and avIOF
Although, as common as in 29% of  patients (n=14), 
AF	did	 not	 significantly	 increase	 the	 ILOS	 (Mean=11	
vs 7.2 days; SD=13.3 vs 12.2; P=0.3). Nevertheless, the 
occurrence of  respiratory complications was strongly 
associated with that of  AF (P=0.011). The average rate of  
avIOF	significantly	affected	the	occurrence	of 	respiratory	
complications (P=0.036) without an increase of  the 
requirement for re-ventilation (P=0.07).	No	 significant	
association	was	 confirmed	 between	 avIOF	 (P=0.289) 
nor the ILOS (P=0.84). While the avIOFc, could have a 
significant	effect	on	the	ILOS.	Thus,	patients	who	received	
an avIOFc <0.6 l/hour were more likely to spend less 
than eight days ILOS (P=0.023; Pearson’s Chi Square 
statistic=13.0).

DISCUSSION

We would not dispute that our study is limited by the 
relatively low number of  subjects and its retrospective 
nature. However, the above results deserve further 
investigation and analysis as they raise few interesting issues. 
The	following	variables	could	be	discussed	as	significant	

determinants of  the short-term outcome of  patients 
undergoing the TSE approach for EC resection:

Duration of OLV phase of the surgery
Patients may be exposed to relative hypoxia, hypercapnia, 
and increased acidemia, low cardiac output and unstable 
hemodynamic during OLV. This is due to the physiological 
changes occurring during the OLV which include hypoxic 
pulmonary vasoconstriction, hypercapnia, and decrease 
in cardiac output due to surgical manipulation.[11-13] This, 
in our view, could result in an increase of  the anerobic 
metabolism and potentially compromise the short-term 
outcome. Such argument is supported by the absence 
of  significant correlation between the ILOS and the 
incidence of  respiratory complications as well as between 
the incidence of  respiratory complications and the length 
of  OLV as demonstrated above. Thus, the impact of  
OLV on the ILOS and the short-term mortality does 
not necessarily pass by ventilation abnormalities. Rather, 
it could well be a relatively high PO “oxygen debt” that 
imposed a longer ILOS and perhaps contributed to more 
intense	 inflammatory	 response.	 In	 line	with	 this	 is	 the	
demonstrated absence of  changes in lung isoform of  nitric 
oxide (NO) synthase and vascular congestion indifferently 
during OLV or two-lung ventilation (TLV).[14] which leads 
us to believe that physiological local mechanisms are likely 
to	be	irrelevant	in	activating	such	inflammatory	response.	
Plasma nitrite and endothelin levels were also similar in case 
of  OLV or TLV as reported M. Lund et al.,[14] In addition, 
when	inflammatory	markers	are	evaluated,	as	in	the	work	
of  Tsai et al., the terminal complement complex (TCC) 
shows	a	sustained	and	significantly	higher	increase‑starting	
on day 2 post-operatively-in patients who received OLV.[15] 
In our study, two of  the three patients who had serious 
PO cardiac events had a prolonged OLV duration (258 
and	180	minutes).	All	patients	who	died	within	the	first	
3 months post-operatively had an OLV significantly 
over 150 minutes (P=0.032). Interestingly, the TOT did 
not	itself 	have	the	same	effect	suggesting	that	the	specific	
duration of  the OLV was a critical factor. This is also made 
plausible with the strong correlation between ILOS and the 
OLV/TOT ratio. We can, therefore, assume that efforts to 
maintain a good perfusion and oxygen delivery-in particular 
during the thoracic stage-may reduce mortality and 
shortens	the	ILOS.	In	addition,	it	is	likely	to	be	beneficial	
to implement techniques that shorten the duration OLV 
or avoid it all together, limit the hypoxia and hypercapnia 
and achieve optimal hemodynamic. Data obtained from 
studies on the effects of  protective lung strategies during 
the thoracic stage are encouraging in this respect and show 
a	decrease	in	the	pro‑inflammatory	mediators.[16,17]

POSSUM value
POSSUM is calculated based on intra-operative physiological 
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status and operative surgical data. The POSSUM had been 
validated as a reasonably good tool in morbidity and 
mortality predictive models.[18] The correlation and linear 
regression model between POSSUM value and ILOS 
suggest that the numeric value of  this score may help in 
planning of  clinical area for PO admission. It is of  course 
tempting to be able to avoid ICU all together. Nevertheless, 
considering the risks of  unplanned readmissions to the 
ICU, it seems more reasonable to take steps to predict ahead 
those most probable readmissions or to avoid bypassing 
the ICU for those at high risk of  prolonged ILOS.[9] Our 
results suggest that the POSSUM score is a valuable tool 
for the right decision and in particular, if  combined with 
the duration of  OLV and ASA grade.

Quality of post operative analgesia
Our results demonstrate that pain control directly impacted 
on ILOS despite having no real effect on the occurrence 
of  respiratory complications. The reduction of  stay on 
ICU may not fully be dependent on respiratory effects of  
TEA. We believe that role of  TEA extends to its potential 
to improve circulatory and metabolic performance, at least 
regionally.	TEA	would	allow	better	oxygenation	efficiency	
in the early PO period by easing ventilation and reducing 
stress.[19]

Post operative AF
AF was common (29% of  patients). Similar incidence 
of  this arrhythmia has been reported by other authors.[20] 
Our	results	showed	a	significant	relationship	between	the	
AF and respiratory complications (P=0.011). However, 
occurrence of  the AF, per‑se, did not lead to an increased 
ILOS.	We	were	not	able	to	identify	a	definite	physiological	
mechanism to explain the link between respiratory 
complications and the PO AF but this could be biased by 
the size of  our sample. For instance, the duration of  OLV 
did not correlate with the occurrence of  AF. A trend that 
was also found by Sudish et al.[20] Whether the mechanism is 
a surgical trauma to the vagus nerve is questionable. AF is 
also observed in non thoracic major surgery-not involving 
trauma to the vagus.[21,22]

Intra‑operative fluid therapy
The impact of  IOF on the incidence of  anastomosis 
leak, respiratory complications, and cardiovascular 
complications has always been a hot topic in major 
gastro-intestinal surgery.[23-25] In our patients spending less 
than 8 days on ICU, a strong relationship was observed 
between	the	ILOS	and	the	avIOFc	therapy.	No	definite	
numerical correlation, however, was established with the 
crude	avIOF.	Equally,	the	avIOFc	was	significantly	linked	
to the incidence of  respiratory events but not to cases of  
anastomosis	 breakdown.	A	 goal‑directed	 fluid	 therapy	
in such major cases appears paramount. We believe that 

continuous cardiac output and oxygen delivery monitoring 
is	essential	in	achieving	balanced	fluid	therapy	particularly	
during procedures requiring OLV.

CONCLUSIONS

The main factors that seem to affect outcome and critical 
care resources requirement for the patients undergoing 
TSE include the duration of  the OLV stage, numerical 
value of  POSSUM, quality of  PO analgesia, and avIOFc. 
In practice, approaches and techniques that would achieve 
optimization of  these factors could well improve the 
outcome and reduce critical care resources required for 
patients undergoing TSO.
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