
Acta Medica et Biologica
Vol. 45, No.1, 1-5, 1997

Influence of Operative Injury on the Systemic Inflammatory 
Response Syndrome in Esophageal Cancer Surgery

Nobuaki SATO Akira OHKAWA Manabu OYAMATSU Yu KOYAMA Seiji KAYAMA 
Mitsuhiro HAYASHI Tomoi SATO and Katsuyoshi HATAKEYAMA

The First Department of Surgery, Niigata University School of Medicine, Niigata, Japan

Received February 7 1997,. accePted March 14 1997

Summary. Background: The systemic inflammatory
response syndrome (SIRS) occurs after a wide variety
of insults. Recent studies have revealed that the number
of SIRS criteria exhibited by a patient may have clinical
importance. For this reason, we sought to determine
whether the magnitude of a surgical insult is associated
with the number of SIRS criteria satisfied.
Study design: We retrospectively investigated relation
ships between the number of SIRS criteria and the type
of surgical procedure, either transthoracic (n = 79) or
transhiatal esophagectomy (n =42), in 121 consecutive
male patients younger than 75 years of age with car
cinoma of the esophagus.
Results: Operative injury was more extensive in the
transthoracic group than in the transhiatal group in
terms of the mean operative time (392 ± 65 versus 215 ±
70 min, p<0.0001) and estimated intraoperative blood
loss (693±309 versus 436±316 mL, p<O.OOOl). Prevalence
of SIRS did not differ between the two groups. Pyrexia
was more frequent in the transthoracic group than in
the transhiatal group (p =0.004). Conversely, tachypnea
was commoner in the transhiatal than in the transthor
acic group (p =0.0039). The mean number of SIRS
criteria exhibited was the same, 2.1 ±0.9 in the trans
hiatal group and 2.3±0.7 in the transthoracic group.
Conclusion: There was no difference in the mean num
ber of SIRS criteria exhibited following either transth
oracic or transhiatal esophagectomy for carcinoma of
the esophagus, even though the magnitude of the opera
tive injury was greater in patients undergoing transth
oracic esophagectomy in terms of operative time and
estimated blood loss. Our results show more a frequent
occurrence of fever in the transthoracic group and a
higher rate of tachypnea in the transhiatal group, a
pattern possibly reflecting mechanical ventilation of
the transthoracic patients.
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INTRODUCTION

The term systemic inflammatory response syndrome
(SIRS) was proposed to describe "any inflammatory
process independent of its cause as can be seen after
a wide variety of insults".l) Members of the consensus
conference stated that "further work is needed to
characterize the clinical and prognostic importance
of the proposed syndromes". It has been reported that
almost any patient in the surgical intensive care unit
(SICU) exhibits SIRS. 2

) Therefore, because of its poor
specificity, SIRS was not thought to be helpful in
predicting severe sepsis and septic shock. 2)

However, a recent study has revealed that the
number of SIRS criteria that the patients display
may clinical importance of the syndrome.3

) Patients
with two SIRS criteria had twice rate of death (7%)
as those who never developed SIRS (3%).3) Patients
with more than two criteria for SIRS were more
likely to develop sepsis rapidly with higher rates of
organ dysfunction and higher mortality rates (10%). 3)

SIRS with only two criteria-as initially proposed
is less helpful in defining a subset of ICU and ward
patients who are at especially high risk for the
development of sepsis than patients with SIRS with
three or all four of the criteria. 3

) Jones has shown
that the crude mortality rate at 28 days increased
sequentially as more SIRS criteria were exhibited,
rising from 12% in non-SIRS bacteremia to 36%
when all four criteria were exhibited in bacteremic
general medical patients. 4

)
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The systemic inflammatory response syndrome is
an inflammatory reaction resulting from systemic
mediators i.e., cytokines. Three of the most impor
tant cytokines are tumor necrosis factor, interleukin
(IL)-I, and IL-6. 5

) In burns, the extent of the increase
in IL-6 concentration correlates directly with the
extent of burn injury.6) It also has been shown that
the increased IL-S concentration correlates with the
extent of injury expressed by burn size.?) However,
few studies have evaluated the clinical importance of
SIRS as it relates to the magnitude of the surgical
insult in postoperative patients with cancer. The
degree and duration of early SIRS depends on the
initial insult,8) and the plasma IL-6 concentration may
serve as an indicator of the magnitude of a surgical
insult. g

) Our hypothesis was that the magnitude of a
surgical insult is associated with the number of SIRS
criteria. We investigated the relationships between
the number of SIRS criteria that the patients dis
played and the type of surgical procedure performed
in patients with carcinoma of the esophagus.

MATERIALS AND METHODS

Patients

We retrospectively evaluated 121 consecutive male
patients with carcinoma of the esophagus younger
than 75 years of age from January 1990 to December
1994. All patients were required to be able to carryon
normal activity or to be ambulatory in spite of their
symptoms (Eastern Cooperative Oncology Group
performance status of 0-1).

Either transthoracic or transhiatal esophagectomy
was chosen to investigate the relationships between
the number of SIRS criteria that the patients experi
enced and the type of surgical procedure performed
in this study.

Transthoracic esophagectomy with lymphadenec
tomies was performed on patients with a good per
formance status who were predicted to have tumor
invasion of the submucosa with a lesion amenable to
curative resection. Transhiatal esophagectomy was
performed on patients who had early mucosal
tumors, extensive disease beyond the scope of cura
tive resection, or impaired physical functioning.

Transthoracic esophagectomy with lymphadenec
tomies was performed using a three-phase approach
with nodal clearance in the neck, mediastinum, and
abdomen. Initially, the patient underwent a synchro
nous laparotomy and neck exploration. An abdomi
nal lymph node dissection was performed in the
epigastric region and along the left gastric, common

hepatic, and celiac arteries. A gastric tube (n=70) or
the colon (n = 9) was used as an esophageal substitute
with the anastomosis in the neck. Following this the
abdominal and cervical incisions were closed, the
patient was turned onto his left side, and a standard
posterolateral right thoracotomy was performed for
removal of the thoracic esophagus.

Transhiatal esophagectomy without thoracotomy
was performed through the thoracic inlet and the
hiatus with limited abdominal lymphadenectomy. 10)

Cervical esophagointestinal continuity was restored
with either a gastric tube (n = 37) or a colonic seg
ment (n = 5) in the transhiatal group.

One hundred nineteen carcinomas were classified
histologically as squamous cells. Two were classified
histologically as adenocarcinoma. Seven of 121
patients were administered with 5-fluorouracil by
continuous infusion and cisplatin by bolus preopera
tively to improve tumor control (n 2 in the trans
thoracic group, n = 5 in the transhiatal group).

The general management of the patients undergo
ing esophagectomy included postoperative analgesia,
epidural block, and the provision of intravenous
colloids. Intravenous colloid solutions were admini
stered intra-and postoperatively to avoid the accumu
lation of interstitial pulmonary fluids. The patients
who underwent transthoracic esophagectomy were
intubated and mechanically ventilated under varying
conditions of intermittent mandatory ventilation,
using the Siemens 900B or C Servo-Ventilator
(Siemens-ELEMA AB., Sweden). The initial setting
for the ventilator included 10 mL/kg of tidal volume
at a rate of 15 breaths/min with a fractional concen
tration of oxygen of 0.4. 11

)

Postoperative pneumonia was diagnosed by a per
sistent infiltrate on chest roentgenograms, fever (tem
perature greater than 3S0 C), and a peripheral leuko
cytosis.

Definition of SIRS

The definition for SIRS was first reported by the
American College of Chest Physicians-Society of
Critical Care Medicine Consensus Conference. I) SIRS
was defined as a condition including two or more of
the following: 1) temperature greater than 3SoC or
less than 36°C; 2) heart rate greater than 90 beats per
min; 3) respiratory rate greater then 20 breaths per
min or PaCOz less than 32 torr « 4.3 Kpa); 4) white
blood cell count greater than 12000 or less than 4000
cells/mm3

, or including more than 10% bands. How
ever, we did not measure the percentage of immature
forms of white blood cells. Therefore, the definition
for SIRS we used in this particular study did not



include an increase in immature forms of white blood
cells. We collected data during a 72-hour period
following surgery to evaluate the effect of the magni
tude of the surgical insult on the development of
SIRS, since it has been shown that a majority of
patients develop SIRS within 48 h following surgery.2)
Most infectious complications occurred at least 5
days after the operation and were not thought to play
a role in the development of SIRS during the 72-hour
period following esophagectomy.

Statistics

Data are presented as the mean ± standard devia
tion. Mann-Whitney's U test was used for comparing
patient details. A chi-square test was used to examine
differences in proportions between patient groups. A
p value of less than 0.05 was considered significant.
All statistical analyses were carried out using Stat
View 4.1 for Macintosh.
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RESULTS

The patients' characteristics are shown in Table 1. A
residual tumor was found in 19 patients in the tran
shiatal group, whereas 9 of the 79 patients had a
residual tumor in the transthoracic group following
esophagectomy (p < 0.0001). Significant differences in
the operative time (p<O.OOOl) and blood loss (p<
0.000l) were found between both groups. The number
of patients who required mechanical ventilation was
significantly greater in the transthoracic esophagec
tomy group (p< 0.0001). Eight (10%) of 79 patients in
the transthoracic group developed postoperative
pneumonia compared to 1 (2.4 %) of 42 patients in the
transhiatal group. None of the patients who received
preoperative chemotherapy developed postoperative
pneumonia.

No difference was found in prevalence of SIRS
between the two groups (Fig. 1). The number of SIRS
criteria was 2.1 ± 0.9 in the transhiatal group and
2.3 ± 0.7 in the transthoracic group. Table 2 illus
trates the relationship between the SIRS criteria and
the operative procedure. The incidence of tempera-

Fig. 1. Prevalence of the systemic inflammatory
response syndrome.
N .S.: not significant.
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Table 1. Patient characteristics

Transhiatal Transthoracic P value(n=42) (n=79)

Age (yrs) 63.6±6.4 62.3±5.9 0.149
%Uswt (%) 95±7 96±5 0.61
Operation time 215±70 392±65 <0.0001(min)

Blood loss 436±316 693±309 <0.0001(g)

Mechanical 4(10%) 76(96%) < 0.0001ventilation
Postoperative 1(2.4%) 8(10%) <0.1pneumonia

Data are presented as the mean±SD
%Uswt: body weight expressed as a percentage of usual
weight

Table 2. Clinical manifestations and operative procedure

Transhiatal
(n=42)

Transthoracic
(n=79) P value

71 (90%)
64(81%)

Temperature> 38°C or <36°C 29(69%)
Heart rate> 90 beats/min 29(69%)
Respiratory rate>20 breaths/min or Pacoz <32 torr

19(45%) 16(20%)
White blood cell count>12,000x10 6/L or <4,000x106 /L

12(29%) 29(37%)

0.004
0.14

0.0039

0.37
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ture change was higher in the transthoracic eso
phagectomy group compared to that in the tran
shiatal group (p=0.004). However, the number of
patients with tachypnea was higher in the transhiatal
group than in the transthoracic group (p = 0.0039).
There were no significant differences in the rates of
tachycardia and white blood cells counts between the
groups.

DISCUSSION

Most patients undergoing esophagectomy for car
cinoma of the esophagus developed SIRS. In our
study there was no difference in the prevalence of
SIRS following either transthoracic or transhiatal
esophagectomy for carcinoma of the esophagus, even
though the magnitude of the operative injury was
greater in patients undergoing transthoracic eso
phagectomy in terms of operative time and estimated
blood loss. There was no significant difference be
tween the groups in the number of SII~S criteria
exhibited by the patients.

Previously we have shown that energy expenditure
following transhiatal esophagectomy is lower than
that after transthoracic esophagectomy; this is a
result of reduced surgical stress. 13J We expected a
higher rate of SIRS in patients undergoing transthor
acic esophagectomy. It is likely that prophylactic
postoperative mechanical ventilator support prevent
ed the development of tachypnea in patients undergo
ing transthoracic esophagectomy. The patients on
mechancical ventilation were sedated routinely, and
some received neuromusc1ar blocking agents. The
ventilatory support and lack of respiratory distress
may also have prevented the development of tachy
cardia.

It is plausible that prophylactic mechanical venti
latory support makes it less likely to find a true
difference in the number of SIRS criteria shown by
the patients between the transthoracic and trans
hiatal esophagectomies than it would be under com
parable general management following different
operative procedure. It has been reported that trans
thoracic esophagectomy with extended lymph node
dissection results in a reduction of plasma colloid
osmotic pressure (COP) with a diminution of the
COP-pulmonary artery wedge pressure gradient and
resultant pulmonary edema. 12

) Thus we used prophy
lactic mechanical ventilatory support and intraven
ous colloids early in the postoperative period follow
ing transthoracic esophagectomy.

Our results show that the number of SIRS criteria
displayed by the patients was the same between the

groups, in addition to a more frequent occurrence of
fever in the transthoracic group and a higher rate of
tachypnea in the transhiatal group, a pattern possibly
reflecting mechanical ventilation of the transthoracic
patients. The likelihood that prophylactic postopera
tive mechanical ventilator support prevented the
development of tachypnea must be considered in
patients undergoing transthoracic esophagectomy.
Assuming that prophylactic postoperative ventila
tory support is not applied to the patients following
transthoracic esophagectomy, it is possible that
tachypnea could develop which makes the number of
SIRS criteria exhibited by the patients in the trans
thoracic group increase significantly than that in the
transhiatal group. Further studies are needed to
determine if the magnitude of the surgical insult has
a significant influence on the number of SIRS criteria
that patients exhibit under comparable general
management following different operative proce
dures. It will be important to match patients accord
ing to the degree of ventilatory support and sedation
or paralysis.
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