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Correlation of fluid balance and postoperative pulmonary
complications in patients after esophagectomy for cancer
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Background: To investigate the association between fluid balance and postoperative pulmonary
complications in patients after esophagectomy for cancer in a high volume cancer center.

Methods: Data of patients who admitted to intensive care unit (ICU) after esophagectomy at Cancer
Hospital of Chinese Academy of Medical Sciences (CAMS) and Peking Union Medical College (PUMC)
between September 2008 and October 2010 were retrospectively collected and reviewed.

Results: There were 85 males and 15 females. Among them, 39 patients developed postoperative
pulmonary complications and hospital death was observed in 3 patients (3.0%). Univariable analysis showed
that patients who developed postoperative pulmonary complications had more cumulative fluid balance
in day 1 to 2 (2,6691,315 ws. 3,815x1,353 mL, P<0.001; and 4,3071,627 vs. 5,3972,040 mL, P=0.014,
respectively) compared with patients who did not have postoperative pulmonary complications. Multivariable
regression analysis demonstrated that only more cumulative fluid balance in day 1 (P=0.008; OR =1.001;
95% CI, 1.000-1.002) was independent risk factor for postoperative pulmonary complications.
Conclusions: Positive fluid balance in postoperative day 1 is predictive of pulmonary complications in

patients after esophagectomy for cancer.
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Introduction

Postoperative pulmonary complications have been
reported in 17.7% to 38.0% of patients who underwent
esophagectomy for cancer (1-6) and have been associated
with adverse short term outcomes and decreased long term
survival (1). Therefore, it is important for clinicians to make
treatment plans to reduce the incidence of postoperative
pulmonary complications of patients after esophagectomy.
Several risk factors have been reported to be associated
with postoperative pulmonary complications after
esophagectomy for cancer, including increased age,
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decreased forced expiratory volume at 1 second of predicted
(FEV %), decreased diffusion capacity of the lung for
carbon monoxide of predicted, poor performance status,
salvage esophagectomy after definitive chemoradiotherapy,
and intraoperative fluid balance (2-3,6,7). There were many
studies of fluid loading on the intensive care unit (ICU)
and major surgery (8-10). However, few studies focused
on the effect of fluid loading on pulmonary complications
after esophagectomy (11,12). And no consistent conclusions
have been drawn on the amount of positive fluid balance
in which day in predicting the occurrence of pulmonary
complications for patients after esophagectomy (11,12).
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Therefore, it is our aim to share our experiences of
association between fluid balance and pulmonary
complications after esophagectomy in a high volume
hospital.

Materials and methods

Data of patients who admitted to ICU after esophagectomy
at Cancer Hospital of Chinese Academy of Medical
Sciences (CAMS) and Peking Union Medical College
(PUMC) between September 2008 and October 2010 were
retrospectively collected and reviewed. Exclusion criteria
were patients received exploratory thoracotomy, those who
had induction therapy, patients who had incomplete data,
patients who had a poor pulmonary function test result,
patients who developed anastomotic leaks, and patients
admitted to ICU for mechanical ventilation <24 h. Poor
pulmonary function tests were defined as FEV,% <70%.
Institutional review board of CAMS approved the study and
patients’ consents were waived owning to the observational
nature of this study.

Preoperative staging was carried out according to the
guidelines of Department of Thoracic Surgery of Cancer
Hospital of CAMS and PUMC, which includes whole
blood test, biochemical test, chest CT, abdomen ultrasound,
barium contrast study, endoscopy, pulmonary function
tests, and electrocardiogram. Preoperative physiologic
assessments were based on age, results of pulmonary
function tests including forced expiratory volume at 1 second
(FEV)), FEV,%, and diffusing capacity of the lung for
carbon monoxide of predicted (DLCO%). Patients were
advised to stop smoking 1 week before surgery. Patients
received antibiotic therapy for at least 3-5 days if evidence
of pulmonary infection exists, until symptoms relieved
and imaging of the chest showing disappearance of
inflammation.

General anesthesia with one-lung ventilation was
performed for all patients during the operation. Patients
received left transthoracic, Ivor-Lewis, or Mckeown
approach based on the location of the lesion. No patients
with minimally invasive esophagectomy were admitted
to ICU although minimally invasive esophagectomy was
started in 2009 in our hospital (13). Perioperative fluid
balance was calculated from intraoperative period to
postoperative 3 days or until patients discharged from
ICU, that is to subtract fluid loss including intraoperative
blood loss, urine output, volume of drainage from total
fluid administered. As for postoperative fluid management,
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simple goal directed fluid therapy was used in this ICU,
and the following four goals were to be considered: level
of blood pressure (BP), center venous pressure, urine
output and circulation of skin. First, keep BP at normal
level, including keep BP at 100-110/60-70 mmHg for
patients with no history of hypertension and at preoperative
level for patients with history of hypertension. Second,
keep CVP level at 8-12 cmH,O in our practices which
resembles conservative therapy in ARDS clinical trials
network (14). Third, adjust fluid volume according to
whether there is edema of skin. Finally, keep urine output at
>0.5 mL/kg/h. To achieve these goals, diuretic agents, fluid
supplementation or vasopressors are used to keep these
four variables in the ranges mentioned above. In patients
who returned to surgical ward directly after operation, fluid
management was carried out according to the individual
judgement of volume status of patients by attending
surgeons. Postoperative respiratory tract management
included chest physiotherapy and early ambulation. And
patient-controlled analgesia was given to every patient to
control postoperative pain.

Postoperative pulmonary complications were defined
as respiratory insufficiency in need of intubation, and
pneumonia as documented by fever, elevated white blood
cell count, and pulmonary infiltrate requiring antibiotic
therapy. Pathological staging was performed using the
American Joint Committee on Cancer (AJCC) Cancer
Staging Handbook (7th edition) (15). Simplified acute
physiology score (SAPS 3) was calculated using data within
1 h of ICU admission, which reflected severity of the
patients (16).

Statistical analyses were carried out using SPSS software
for Windows, version 16.0 (SPSS Inc., Chicago, IL, USA).
Continuous variables are presented as mean =+ standard
deviation and compared respectively using Student’s
t-test. Categorical variables were reported as absolute
numbers (frequency percentages) and analyzed using ¥’
test. Univariable and multivariable regression analysis were
used to define the predictors of postoperative pulmonary
complications. The area under the receiver operating
characteristic curve (AUROC) was used to evaluate the
ability of the model to discriminate between patients who
developed postoperative pulmonary complications or not
(discrimination). A two-tailed P value <0.05 was considered
statistically significant.

Results

A total of 245 patients were admitted to ICU during the
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Figure 1 Flowchart of the study.

study period. Of which, 4 patients experienced exploratory
thoracotomy, 15 patients had incomplete data, 9 patients
received induction therapy, 54 patients had poor pulmonary
function test results, 22 patients developed anastomotic
leak, and 41 patients were ventilated <24 h. The rest
100 patients were enrolled into the final analysis (Figure I).
Preoperative characteristics of 100 patients are listed
in Table 1. Overall, 39 patients developed postoperative
pulmonary complications (39.0%) and hospital death was
observed in 3 patients (3.0%). No significant differences
were found on the preoperative comorbidities including
a history of hypertension, coronary heart disease, diabetic
mellitus and chronic obstructive pulmonary disease. And
there were no significant differences on preoperative
pulmonary function test results and preoperative blood test
level including hemoglobin and albumin (7able I).

Fifty patients admitted to ICU from operative room
because of comorbidities (n=45) and intraoperative
arrhythmias (n=5). The other 50 patients admitted to ICU
from ward because of major pulmonary complications
(14 patients with pneumonias requiring antibiotic therapy
and 25 patients with respiratory insufficiency in need of
intubation and ventilation), postoperative arrhythmias (n=9),
and high BP (n=2). Thirty nine patients admitted to ICU
from ward between 1 and 22 days postoperatively, with a
median time of 2 days, and 72% of all 39 patients developed
pulmonary complications in 3 days postoperatively
(Figure 2). Three patients died in hospital. Among 3 patients,
2 died of pulmonary infections, 1 patient died of severe
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acute respiratory distress syndrome.

Univariable analysis showed that patients who developed
postoperative pulmonary complications had more
cumulative fluid balance in day 1 and day 2 (2,669+1,315
vs. 3,815£1,353 mL, P<0.001; and 4,307£1,627 vs. 5,397+
2,040 mL, P=0.014) respectively, compared with patients
who did not have postoperative pulmonary complications
(Tuble 2). There were no significant differences in the
perioperative creatinine level, approach of operation,
duration of operation, estimated blood loss, intraoperative
transfusion, use of epidural blockage, postoperative dosage
of furosemide in 3 days postoperative and cumulative
fluid balance in day 3. Patients who developed pulmonary
complications were more severe as reflected by simplified
acute physiologic score 3, and had increased ICU death,
increased hospital death, prolonged ICU length of stay and
hospital length of stay compared with patients who did not
develop pulmonary complications (Zable 2).

Multivariable regression analysis demonstrated that only
cumulative fluid balance in day 1 (P=0.008; OR =1.001;
95% CI, 1.000-1.002) was independent risk factor for
postoperative pulmonary complications (7able 3). While
cumulative fluid balance in day 2 was not. AUROC of
the cumulative fluid balance in postoperative day 1 was
0.749+0.052 (P<0.001, 95% CI, 0.646-0.851) in predicting
the occurrence of postoperative major pulmonary
complications. The cutoff value for the cumulative fluid
balance in day 1 was 2,643 mL, with a sensitivity of 0.77 and
specificity of 0.62 (Figure 3).
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Table 1 Preoperative characteristics of patients underwent esophagectomy
. Pulmonary complications )
Variables t/y"value P value
No (n=61) Yes (n=39)
Age (years) 65.11+9.78 63.51+10.04 0.791 0.431
Male (%) 53 (86.9) 32 (82.1) 0.436 0.509
BMI (kg/m?) 23.62+3.49 23.41+£3.12 0.304 0.762
Current cigarette use (%) 40 (65.6) 21 (53.8) 1.375 0.241
Alcohol use (%) 38 (62.3) 18 (46.2) 2.516 0.113
Hypertension (%) 27 (44.3) 13 (33.3) 1.184 0.277
Coronary artery disease (%) 6 (9.8) 7(17.9) 1.384 0.239
Diabetes mellitus (%) 8 (13.1) 6 (15.4) 0.102 0.750
Chronic obstructive pulmonary disease (%) 0 1(2.6) 1.580 0.209
Performance status score 0.54+0.50 0.49+0.51 0.521 0.604
ASA score (%) 0.408 0.523
2 33 (52.5) 23 (59.0)
3 29 (47.5) 16 (41.0)

FEV,% 82.27+6.49 80.91+6.23 1.032 0.305
DLCO% 81.74+18.63 76.65+16.43 1.303 0.196
Preoperative hemoglobin (g/dL) 13.99+1.78 13.80+2.05 0.497 0.621
Preoperative albumin (g/L) 41.90+5.38 40.83+4.19 1.051 0.296
Preoperative creatinine level (umol/L) 76+14 7112 1.792 0.076

BMI, body mass index; ASA, American Society of Anesthesiology; FEV,%, forced expiratory volume at 1 second of predicted;

DLCO, diffusion capacity of the lung for carbon monoxide.

Patients

0 1 2 3 4 5 6 7 8 9
Time of admission (days)

Figure 2 Time distribution of patients who admitted to
intensive care unit postoperatively because of major pulmonary

complications.

Discussion

In this study, we found that excess fluid administration in
postoperative day 1 was associated with increased rate of
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pulmonary complications in patients after esophagectomy.
In 2008, Wei et al. demonstrated that the cumulative
fluid balance from the intraoperative period to postoperative
day 2 is a good predictor of surgical outcomes in patients
after esophagectomy, whether for heart morbidities or
pulmonary morbidities (11). They believed that stress
responses increased the levels of neuroendocrine hormones,
which contribute to increased capillary permeability
and fluid conservation. However, they also argued that
postoperative complications may also contribute to
excessive fluid balance as it is difficult for clinicians to
distinguish whether the fluid balance excess is a cause or
a result of postoperative complications. In our study, we
exclude the patients who developed complications such as
anastomotic leak, which might develop septic shock and
receive large volume fluid resuscitation, thereby confound
the cause or result of excessive fluid balance as in Wei ez al.’s
study (11). Therefore, we concluded that excessive fluid
infusion did increase the risk of postoperative pulmonary
complications in patients after esophagectomy. In our study,
cumulative fluid balance was +4.3 L on day 2 and +5.8 L
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Table 2 Intraoperative and postoperative characteristics of patients underwent esophagectomy

Pulmonary complications

Variables t/y? value P value
No (n=61) Yes (n=39)

Surgical approach (%) 0.232 0.891

Sweet 49 (80.3) 30 (76.9)

Ivor-Lewis 6 (9.8) 4(10.3)

McKeown 6 (9.8) 5(12.8)
Duration of operation (min) 242+81 242+82 0.033 0.974
Estimated blood loss (mL) 378+279 368+242 0.176 0.861
Intraoperative transfusion (mL) 318+563 421+639 -0.843 0.402
Use of epidural blockade (%) 4 (6.6) 2 (5.1) 0.086 0.769
Cumulative fluid balance in day 1 (mL) 2,669+1,315 3,815+1,353 —-4.054 <0.001
Cumulative fluid balance in day 2 (mL) 4,307+1,627 5,397+2,040 -2.509 0.014
Cumulative fluid balance in day 3 (mL) 5,820+1,822 6,436+2,404 -1.018 0.314
Histology (%) 4.140 0.126

Adenocarcinoma 15 (24.6) 6 (15.4)

Squamous cell 46 (75.4) 31 (79.5)

Others 0 2(5.1)
Pathological staging 3.745 0.442

Tis 0 1(2.6)

| 5(8.2) 3(7.7)

Il 18 (29.5) 16 (41.0)

11l 37 (60.7) 19 (48.7)

\% 1(1.6) 0
Location before ICU admission (%) 63.934 <0.001

Operative room 50 (82.0) 0

Ward 11 (18.0) 39 (100.0)
SAPS 3 on ICU admission 29+7 50+9 -12.036 <0.001
Postoperative creatinine level in 2nd day (umol/L) 68+20 75+43 -0.983 0.330
Dosage of furosemide in 3 days postoperatively (mg) 12+18 18+24 -1.308 0.195
ICU length of stay (d) 3.00+2.87 7.56+6.23 -4.292 <0.001
ICU death (%) 0 3(7.7) 4.837 0.028
Hospital length of stay (d) 23.87+11.32 31.92+20.38 -2.256 0.028
Hospital death (%) 0 3(7.7) 4.837 0.028

ICU, intensive care unit; SAPS 3, simplified acute physiology score 3.

Table 3 Predictors of postoperative pulmonary complications on day 3. According to our experiences, most patients
in patients after esophagectomy: multiple regression analysis who underwent esophagectomy had low blood volume
Variables OR (95% Cl) P value before surgery because of dysphagia, although preoperative
Cumulative fluid balance in 1.001 (1.000-1.002)  0.008 blood hemoglobin and albumin level were in the normal
day 1 range. Therefore, most patients received a lot of fluid
Cumulative fluid balance in ~ 1.000 (0.999-1.000)  0.144 postoperatively. ,

day 2 The mechanism of fluid balance on the development

of pulmonary complications was multifactorial. First,
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Figure 3 Receiver operating characteristic curve of cumulative
fluid balance in postoperative day 1 as a predictor of pulmonary
complications. The area under the receiver operating characteristic
curve (AUROC) of the cumulative fluid balance in postoperative
day 1 was 0.749:0.052 (P<0.001; 95% CI, 0.646-0.851) in
predicting the occurrence of postoperative major pulmonary
complications. The cutoff value for the cumulative fluid balance in
day 1 was 2,643 mL, with a sensitivity of 0.77 and specificity of 0.62.

one-lung ventilation anesthesia and pain postoperatively
has been demonstrated to be risk factors for pulmonary
complications (17,18). Second, excessive fluid volume and
the resulting increased pulmonary capillary hydrostatic
pressure and/or an increase in capillary permeability
damage the endothelial glycocalyx layer (EGL), which
may contribute to the development of acute lung injury
(10,19). In the current study, all patients received one-
lung ventilation intraoperatively and patient-controlled
analgesia postoperatively. And after multivariable regressive
analysis, cumulative fluid balance in postoperative day 1
was demonstrated to be the only risk factor of for the
development to major pulmonary complications, which
corroborate the above hypothesis of the relationship
between excessive fluid volume and the development of
pulmonary complications.

Casado found that fluid administration intraoperatively
and postoperatively was a contributing factor for the
development of respiratory complications after esophageal
surgery (12). They concluded that the amount of fluid
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to be administered to avoid respiratory complications is
8,300 mL intraoperatively and for the next 5 postoperative
days. However, in our study, 39 patients admitted to ICU
from ward between 1 and 22 days postoperatively, with a
median time of 2 days, and 72% of all 39 patients developed
pulmonary complications in 3 days postoperatively. On
the other hand, early detection positive fluid balance is
critical for clinicians to reduce the rate of pulmonary
complications in patients after esophagectomy. As excessive
fluid administration is reversible by restricting the volume
administration and giving the diuretics, therefore, the
results of our study that cumulative fluid balance in
day 1 was an independent risk factor for postoperative
pulmonary complications provided more useful information
for clinicians including surgeons and intensivists to pay
more attentions on the fluid balance in the early period
postoperatively. And early detection and timely management
may decrease the incidence of postoperative pulmonary
complications in patients after esophagectomy.

In this study, simple goal directed fluid therapy was used
in ICU and traditional fluid therapy determined by attending
surgeon was used in the Department of Thoracic Surgery.
About 78% patients (39/50) who received traditional
fluid strategy in the surgical ward developed pulmonary
complications, which is significantly higher than zero in the
ICU. Different fluid strategy may account for the reason.
In acute lung injury patients, the conservative strategy of
fluid management has been demonstrated to be superior
to the liberal strategy, as reflected by shortened duration
of mechanical ventilation (14). Conservative strategy has
also been found to promote faster recovery after elective
colorectal resection compared with the liberal strategy (20).
However, excessive fluid restriction increased the level of
hypovolemia, leading to reduced central venous oxygen
saturation (ScvO,) and thereby increased incidence of
postoperative complications (21). Therefore, the concept
of goal-directed therapy has been proposed to improve
perioperative outcomes. Recently, Corcoran ez 4/. studied
23 RCTs and demonstrated that patients receiving liberal
fluid therapy had a higher risk of pneumonia compared with
patients receiving goal-directed therapy [risk ratio (RR)
=2.2] (22). However, no comparisons between goal-directed
therapy and restrictive fluid therapy were made in their study.
Further studies are needed to compare the effectiveness
between goal-directed therapy and restrictive fluid therapy.

Brodner e 4l. introduced a multi-modal approach
including thoracic epidural analgesia, early tracheal
extubation, and forced mobilization in order to mobilize
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these patients as soon as possible to prevent pulmonary
complications (23). In our study, 50 patients who discharged
to the ward received this multi-modal approach and
50 patients did not receive this multi-modal approach and
admitted to ICU and ventilated overnight because of low
pulmonary function. However, in our hospital, not all
patients who underwent esophagectomy were ventilated
postoperatively. In fact, almost 1,500 esophagectomy were
performed in our hospital annually and less than 50 patients
admitted to ICU directly from operation room and were
ventilated, other patients were discharged to ward after
direct extubation. Therefore, with the development of
surgical technique such as minimal invasive esophagectomy,
anaesthetic technique such as intraoperative lung protective
ventilation, less patients who underwent esophagectomy
will received ventilation post-esophagectomy. Under these
circumstances, fluid administration becomes more and more
important for both surgeons and intensivists.

Our study had several limitations. Firstly, only
100 patients included in this study and retrospective nature
of this study may hamper the conclusion of this study.
Secondly, the results of this study were from a single cancer
center. However, patients were managed over two years
in a high volume center, which made the results credible.
Thirdly, we excluded patients who were ventilated 24 h
or less which may limit the generalisability of this study.
However, as we mentioned above, less than 50 patients of
1,500 patients who underwent esophagectomy annually
admitted to ICU directly from operation room and were
ventilated, other patients were discharged to ward after
direct extubation. Therefore, excluding patients who
were ventilated 24 h or less after esophagectomy will not
influence the result of our study.

In conclusion, positive fluid balance in postoperative
day 1 was associated with increased rate of postoperative
pulmonary complications in patients after esophagectomy
for cancer. Further studies are needed to validate the results
of this study.
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