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Abstract

Background—Considerable debate exists as to appropriate perioperative fluid management.

Data from several studies suggest that the amount of fluid administered perioperatively influences

surgical outcome. Pancreatic resection is a major procedure in which complications are common.

We examined 1,030 sequential patients who had undergone pancreatic resection at Memorial

Sloan-Kettering Cancer Center. We documented the prevalence and nature of their complications,

and then correlated complications to intraoperative fluid administration.

Methods—We retrospectively examined 1,030 pancreatic resections performed at Memorial

Sloan-Kettering Cancer Center between May 2004 and December 2009 from our pancreatic

database. Intraoperative administration of colloid and crystalloid was obtained from anesthesia

records, and complication data from our institutional database.

Results—The overall in-hospital mortality was 1.7%. Operative mortality was due

predominantly to intraabdominal infection. Sixty percent of the mortality resulted from

intraabdominal complications related to the procedure. We did not demonstrate a clinically

© 2012 Wiley Periodicals, Inc.
*Correspondence to: Dr. Florence M. Grant, MD, Department of Anesthesiology and Critical Care Medicine, Memorial Sloan-
Kettering Cancer Center, 1275 York Avenue, New York, NY 10065. Fax: 212-422-2146. grantf@mskcc.org.
†Associate Professor of Clinical Anesthesiology.
‡Assistant Professor.
§Associate Attending Biostatistician.
∥Associate Professor of Surgery.
#Professor of Surgery.

NIH Public Access
Author Manuscript
J Surg Oncol. Author manuscript; available in PMC 2014 July 22.

Published in final edited form as:
J Surg Oncol. 2013 April ; 107(5): 529–535. doi:10.1002/jso.23287.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



significant relationship between intraoperative fluid administration and complications, although

minor statistical significance was suggested.

Conclusions—In this retrospective review of intraoperative fluid administration we were not

able to demonstrate a clinically significant association between postoperative complications and

intraoperative crystalloid and colloid fluid administration. A randomized controlled trial has been

initiated to address this question.
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INTRODUCTION

Considerable debate exists as to the appropriate perioperative fluid management for patients

undergoing major intraabdominal surgery, which elicits a pronounced stress response. There

remain proponents for the liberal use of fluid, and those who would advocate a more

restrictive approach [1, 2].

Data from several studies suggest that the amount of fluid administered perioperatively

influences surgical outcome and may be procedure dependent [3, 4]. Restricting fluids has

been shown to reduce cardiac and pulmonary complications, anastomotic leaks [5, 6],

promote early extubation [7] and decrease time to return of gastrointestinal (GI) function

and length of hospital stay [1, 8]. Data from postoperative studies also suggest that

restricting fluid after operation improves gastric emptying, decreases hospital stay [9], and

decreases other complications [10].

Conversely, a randomized trial of fluid management after colorectal surgery suggested that

less than 2 L, versus the standard greater than 3 L in 24 hr, did not affect time to flatus,

return of bowel function or length of hospital stay, a somewhat prolonged 7.2 days [11].

The few studies looking at fluid management in pancreatic resection are divided between

those supporting the restricted approach—fewer complications, quicker return of GI

function and shorter hospital stay (n = 29) [1], and those finding no difference in

postoperative bleeding, wound infection, pancreatic fistula, and mortality with larger

amounts of fluids (n = 98) [2].

Pancreatic resection is a major procedure in which complications are common. Overall

complication rates vary between 38% and 58%, most commonly pancreatic anastomotic

leak, fistula, wound infection, and delayed gastric emptying. All of these morbidities are

associated with increased length of stay [12, 13]. While mortality has markedly decreased,

the nature and prevalence of such complications has changed little in 60 years [14, 15],

although recognition and treatment have improved.

We initiated the present study in light of three observations.

1. The known controversy outlined above.
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2. Our recent experience at Memorial Sloan-Kettering Cancer Center with

hemodilution during major pancreatic resection in 130 patients suggesting that in

those patients who underwent hemodilution there was a trend towards increased

complications postoperatively [16]. The increase in complications was associated

with the increased crystalloid load given to ensure the safety of hemodilution.

3. Our need for information to decide if a randomized controlled trial was justified.

4. In an effort to dissect this question, we examined a large series of sequential

patients who had undergone pancreatic resection. We comprehensively documented

the prevalence and nature of their complications, and then correlated complications

to intraoperative fluid intake.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board.

We retrospectively examined 1,030 pancreatic resections performed at Memorial Sloan-

Kettering Cancer Center between May 2004 and December 2009 from a prospective

database and analyzed a subgroup of 577 patients who underwent resection for pancreatic

adenocarcinoma. Intraoperative administration of colloid and crystalloid was obtained from

anesthesia records. In our institution, anesthesia is provided intraoperatively by a nurse

anesthetist or anesthesia resident, supervised by Board Certified Anesthesiologists. Standard

management approaches to fluid replacement and resuscitation are guided by the magnitude

and duration of the procedure, patient comorbidities and the extent of fluid and blood loss.

Preoperative mechanical bowel preparation is not used [17]. Initial blood loss in stable

patients with adequate hemoglobin at the commencement of the procedure is replaced with

either crystalloid 3:1 or colloid (5% albumin). Maintenance crystalloid is provided at

approximately 750–1,000 ml/hr with adjustments made for body weight/BMI and patient

comorbidities by the supervising anesthesiologist. A specific fluid regimen was not

employed. Patients with advanced age, lower body weights, and reduced cardiac function

were more likely to receive fluids on the lower range of the scale, whereas patients with

higher starting bilirubin levels were given more fluid. Transfusion threshold at our

institution is 8 g/dl in the absence of hemodynamic instability. The vast majority of these

cases were supervised by two anesthesiologists assigned to the Hepatopancreaticobiliary

Service. We gathered complication prevalence from our institutional database.

Complications were graded one through five and complications within 90 days of resection

were recorded [13]. In-hospital mortality was documented. We examined all of the

complications and those that were grade three or greater, that is, complications that required

a significant major intervention, prolonged morbidity, or resulted in death [13].

Statistical Analysis

We used Spearman’s rank correlation to analyze the correlations between fluid use, blood

loss, and length of stay. Associations between complications were reported using summary

statistics of these variables for patients who did and did not have major (grade 3 or greater)

complications, separately. These values were compared using a Wilcoxon rank-sum test.

The analysis of the subset of patients with adenocarcinomas followed the same plan. The
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confidence intervals for the difference in medians between groups were estimated using the

accelerated and bias corrected bootstrap method.

RESULTS

We examined 1,030 patients who underwent 679 pancreaticoduodenectomies, 316 distal

pancreatectomies, 13 total pancreatectomies, 12 central pancreatectomies, and 10 other

procedures. Complications that occurred in greater than 1% of patients are listed in Table I.

Complications listed under “other” are included as Appendix A. Mortality is also included in

Table I. Complications are listed as occurrences and most patients who had a complication

had more than one. Generic complications are summarized in Appendix B with the details

included in Appendix C. The overall in-hospital mortality was 1.7%; operative mortality

was due predominantly to intraabdominal infection or co-morbidity. Sixty percent of the

mortality resulted from intraabdominal complications related to the procedure. The most

common complications were wound infection (9%) and an anastomotic leak with or without

subsequent intraabdominal infection or abscess (15%). Delayed gastric emptying occurred in

3% of patients. Not surprising, complications were interrelated.

The measured perioperative variables (mean and median) are indicated for the entire cohort

in Table II. Median blood loss was 500 ml, median duration of operation was 236 min and

total fluid administered was four liters, the majority of which was crystalloid. When we

examined only those patients who underwent resection for pancreatic adenocarcinoma

(Table II), the measured variables were similar, that is, significant differences were not

encountered based on histopathological diagnosis. Operations required similar periods of

time whether for adenocarcinoma, other malignancies, or benign disease.

Table III examines the correlations among these measured parameters. Estimated blood loss

correlated significantly with the total fluids provided both for colloid and crystalloid. The

surgical time and the length of hospital stay for all patients were inter-related with all five

factors. Increased operative time resulted in increased crystalloid administration. Increased

colloid is associated with increased blood loss as it is our practice to replace some of the

initial blood loss with colloid in stable patients with adequate preoperative hemoglobin.

In the patients undergoing resection for adenocarcinoma, there were clear correlations

between the extent of blood loss, operative time, colloid fluid replacement, and length of

stay for this group (details in Appendix D). While length of stay was significantly prolonged

by the presence of a complication, the statistically significant (P < 0.001) increase in total

fluids and colloid replacement between those with and without a complication was clinically

of minimal relevance with median differences in total fluids of 300 ml (7.5%) and no change

in median colloid administration between those with and without a complication. It is

impossible to dissect such small differences in mean and median in such a large sample.

In order to examine whether or not fluid volume administration was related to

complications, we compared fluid administration in patients with grade 3 or greater

complications to administration in those without complications or with grades 1 and 2

complications (Table IV). When the entire cohort was examined, no difference in
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intraoperative crystalloid administration could be identified between those with and without

complications. Patients who had complications (Table IV) had prolonged length of stay,

increased colloid administration and increased total fluid administered.

As fluid administration may have influenced grades 1 and 2 complications, in Figure 1, we

show complications for all grades in terms of length of stay, total fluids, and colloid and

crystalloid administration. There was wide variation but no clear clinically significant

associations.

When we examined complications by grade versus length of stay, an increase in grade of

complication did increase length of stay, but there were insufficient grades 4 and 5

complications to be meaningful. Death prior to discharge, if anything, may abbreviate

hospital stay. The trend, however, is statistically significant (Appendix E).

DISCUSSION

The natural response to injury or operation is fluid and electrolyte retention. Fluid retention

persists for a variable time until mobilization and diuresis occur. Many principles of

perioperative fluid management stem from work done in the 1950s. Francis Moore argued

for perioperative fluid restriction in 1959 citing the diminished ability to excrete excess salt

and water due to the metabolic and endocrine response to tissue trauma [18].

Shires, in an editorial written with Moore in 1967 examining his own recommendations to

use salt solutions to fill and maintain vascular volume by flooding the interstitial fluid

volume, stated that the approach does not apply to simple blood loss. They recommended

that fluid replacement during operation should be carefully estimated and limited unless

there is additional excessive measurable blood loss, using a balanced salt solution as a

“physiological adjunct” to surgical trauma, not a substitute for blood [19].

In the following decades, large amounts of fluids continued to be recommended to correct

perioperative deficits, support the circulation and preserve urine output in surgery, trauma,

and the critically ill [20–28]. These earlier studies placed emphasis on intraoperative fluid

shifts resulting in hidden fluid loss and intravascular hypovolemia. The decrease in venous

return, systemic vascular resistance and myocardial contractility during induction of

anesthesia, depression of the endogenous sympathoadrenal mechanism, reduction of preload

during positive pressure ventilation, and sympathetic nervous blockade from regional

anesthesia causing vasodilation were all cited as causes for need for increased intraoperative

fluid [22].

Previous studies have suggested that the liberal use of fluid can increase perioperative

complications. Hypervolemia can lead to decreased pulmonary function [29, 30], inhibited

gut motility [1, 9, 31], increased postoperative ileus [9], decreased subcutaneous oxygen

tension [32], pulmonary edema [5, 33], potential impairment of left ventricular stroke

volume [31], myocardial ischemia [31], atelectasis, pneumonia, and respiratory failure [31,

33], increased excretory work of the kidneys [31, 34], coagulation abnormalities [31],

delayed wound healing [31], decreased tissue oxygen tension [31, 32], postoperative edema

and weight gain [35], anastomotic leaks [27], and wound dehiscence [26]. Conversely,
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hypovolemia is associated with a decrease in perfusion and an increase in complications,

although numbers are small (n = 70), and the patients with pancreatectomy are few (n = 14)

[36].

A positive association between liberal fluid management and postoperative complications

has been demonstrated in prospective randomized trials in colorectal cancer and in other

intraabdominal operations [1, 37, 38]. We hypothesized that as complications are commonly

seen in pancreatic resection, this was worthy of study. Serious complications are as high as

40%, as we have previously reported [13].

The complications we experienced were similar to those reported from our own institution in

2003 where 204 patients were analyzed [13]. The anastomotic leak rate from the pancreas

appeared to decrease but overall, leak, and intraabdominal abscess continue to occur in

approximately 17% of patients. The ability to determine the true source of an intraabdominal

abscess with pancreatic or biliary leak remains difficult. Delayed gastric emptying, which

was reported in 7% of our previous cases is reported on this occasion in 3%. Definitions of

delayed gastric emptying remain variable, and with decreased use of nasogastric suction,

may result in under appreciation of its prevalence.

When we looked at grouping of complications both one through five and >3 and related

those to operative fluid administration along with documentation of estimated blood loss,

surgical time, and length of stay, complications were strongly associated with increased

length of stay [1, 9, 39].

The difference for total fluids between those who had any complication and those who did

not was statistically significant (P = 0.038, Table IV). Despite this significance, the median

difference in total fluids between the two groups is 300 ml and the 95% confidence interval

for this difference is 50–700 ml. Hence the largest median difference between these two

groups supported by our data is 700 ml. We do not consider this difference clinically

meaningful and attribute the statistical significance to our large sample size. Additional

support for this conclusion can be found in the analysis of the subset of patients who had

adenocarcinomas. The statistical significance in this smaller subset disappears, although the

median difference is comparable at 200 ml.

The hypothesis that total fluid given intraoperatively can predict or be causatively associated

with complications cannot be directly answered by this study as the total fluids administered

are predicated on the variables that are created by length of operation and blood loss, that is,

increasing colloid use occurs when there is increased blood loss as initial blood loss is

replaced by crystalloid, and then by colloid, prior to blood administration. Total fluid

administration is dependent on the extent of blood loss and surgical time. Factors that

correlate with length of stay, which in itself is highly dependent on the presence or absence

of a complication, are inherently encompassed by intraoperative blood loss and surgical

time, both of which by standard approaches to intraoperative fluid administration result in

increased intraoperative fluid delivery.

The limitations of the present study primarily devolve around the examination of

intraoperative fluid only. Prior studies have suggested that it is total perioperative fluid
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rather than intraoperative fluid which affects surgical outcome [1, 9, 37–40]. Despite the

large sample size derived from a prospective data base, complications are derived from a

second administrative data base of all postoperative complications, and are not specific to

pancreatic surgery.

CONCLUSIONS

We confirm and extensively document the significant complications seen following

pancreaticoduodenectomy. In situations where intraoperative and perioperative fluid

replacement is based on algorithms dependent mainly on time and fluid loss, it is difficult to

examine the influence of fluid administration on subsequent complications. A prospective

randomized trial is underway in patients undergoing pancreatectomy, where fluid

administration is randomized to one of two specific regimens, restrictive or liberal, based on

body weight and BMI, and not dependent solely on duration of procedure. The regimens are

continued through the PACU stay and onto the floor until the patients meet one of several

milestones. Complication data will continue to be collected prospectively and from our

institutional database.

APPENDIX A. Complications, Other (<1%)

Anastomotic leak, biliary 10 0.97

Clostridium difficile colitis 10 0.97

Gastrointestinal bleed 10 0.97

Deep venous thrombosis 9 0.87

Ileus, paralytic 9 0.87

Cerebrovascular accident 8 0.78

Pneumonitis 8 0.78

Ventricular arrhythmia 7 0.68

Ascites 6 0.58

Hematoma 6 0.58

Sepsis 6 0.58

Fascial dehiscence or evisceration 5 0.49

Vascular thrombosis 5 0.49

Wound breakdown 5 0.49

Pleural effusion 4 0.39

Renal failure 4 0.39

Respiratory failure 4 0.39

Small bowel obstruction 4 0.39

Urinary retention 4 0.39

Aspiration 3 0.29

Congestive heart failure, left ventricular dysfunction 3 0.29

Fistula, intestinal 3 0.29

Hypotension, shock 3 0.29

Myocardial infarction 3 0.29
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Seroma 3 0.29

Anastomotic leak, intestinal 2 0.19

Cholangitis 2 0.19

Multi organ system failure 2 0.19

Pancreatitis 2 0.19

Acute respiratory distress syndrome 1 0.1

Catheter related infection 1 0.1

Fistula, biliary 1 0.1

Large bowel obstruction 1 0.1

Liver failure 1 0.1

Visceral artery ischemia 1 0.1

APPENDIX B. Complications by Group (n = 1,030 Patients)

Complication name # of occurrences %a

Wound 106 10.3

Leak 180 17.6

Delayed gastric emptying 29 2.8

Other GI tract 34 3.3

Cardiac 41 4

Pulmonary embolus 20 1.9

Hemorrhage 19 1.8

Urinary tract 23 2

Intraabdominal/intrathoracic fluid collection 36 2.6

Deep vein thrombosis (DVT) 9 0.9

Cerebral vascular accident (CVA) 8 0.8

Pulmonary/respiratory 16 1.6

Organ failure/sepsis 16 1.6

Other 20 1.9

Death 18 1.7

a
% of patients with that complication.

APPENDIX C. Complications by Group (n = 1,030 Patients)

# of occurrences %a

Wound 106 10.3

  Infection 96 9.3

  Fascial dehiscence or evisceration 5 0.5

  Wound breakdown 5 0.5

Leak 180 17.6

  Anastomotic leak, pancreatic 83 8.1
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# of occurrences %a

  Intraabdominal infection or abscess 67 6.5

  Fistula, pancreatic 14 1.4

  Anastomotic leak, biliary 10 0.97

  Fistula, intestinal 3 0.29

  Anastomotic leak, intestinal 2 0.19

  Fistula, biliary 1 0.1

Delayed gastric emptying 29 2.8

Other gastrointestinal tract 34 3.3

  Clostridium difficile colitis 10 0.97

  Gastrointestinal bleed 10 0.97

  Ileus, paralytic 9 0.87

  Small bowel obstruction 4 0.39

  Large bowel obstruction 1 0.1

Cardiac 41 4

  Supraventricular arrhythmia 28 2.7

  Ventricular arrhythmia 7 0.68

  Congestive heart failure, LV (left ventricular) dysfunction 3 0.29

  Myocardial infarction 3 0.29

Pulmonary embolus 20 1.9

Hemorrhage 19 1.8

Urinary tract 23 2

  Infection 19 1.8

  Urinary retention 4 0.39

Intraabdominal/intrathoracic fluid collection 36 2.6

  Non infected 16 1.6

  Ascites 6 0.58

  Pleural effusion 4 0.39

Deep vein thrombosis 9 0.9

Cerebral vascular accident 8 0.8

Pulmonary/Respiratory 16 1.6

  Pneumonitis 8 0.78

  Respiratory failure 4 0.39

  Aspiration 3 0.29

  Adult respiratory distress syndrome 1 0.1

Organ failure/sepsis 16 1.6

  Sepsis 6 0.58

  Renal failure 4 0.39

  Hypotension, shock 3 0.29

  Multi organ system failure 2 0.19

  Liver failure 1 0.1

Other 20 1.9

  Hematoma 6 0.58
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# of occurrences %a

  Vascular thrombosis 6 0.58

  Seroma 3 0.29

  Cholangitis 2 0.19

  Pancreatitis 2 0.19

  Catheter related infection 1 0.1

Death 18 1.7

a
% of patients with that complication.

APPENDIX D. Correlations Coefficients for Adenocarcinoma Resections (n

= 577)

Estimated blood loss Length of stay Total fluids Colloid Crystalloid Surgical time

Estimated blood
loss (ml)

1.0 0.18 <0.0001 0.62 <0.0001 0.41 <0.0001 0.57 <0.0001 0.33 <0.0001

Length of stay
(days)

0.18 <0.0001 1.0 0.18 <0.0001 0.15 0.0002 0.15 0.0002 0.27 <0.0001

Total fluids (ml) 0.62 <0.0001 0.18 <0.0001 1.0 0.52 <0.0001 0.97 <0.0001 0.57 <0.0001

Colloid (ml) 0.41 <0.0001 0.15 0.0002 0.52 <0.0001 1.0 0.31 <0.0001 0.31 <0.0001

Crystalloid (ml) 0.57 <0.0001 0.15 0.0002 0.97 <0.0001 0.31 <0.0001 1.0 0.55 <0.0001

Surgical Time (min) 0.33 <0.0001 0.27 <0.0001 0.57 <0.0001 0.31 <0.0001 0.55 <0.0001 1.0

APPENDIX E. Median Length of Stay Across Grades (% of Total Patients)

Grade 0 1 2 3 4 5

n 592 (57%) 118 (11%) 111 (10%) 183 (18%) 7 (.06%) 18 (1.7%)

LOS 7 9 9 12 9 12

P < 0.001.
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Fig. 1.
Measured variables by grade of complication. A: Length of stay (LOS), B: Total fluids, C:

Colloid, D: Crystalloid.
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TABLE I

Complications (n = 1,030 Patients)

# of occurrencesa %b

Complication name

  Wound infection 96 9.3

  Anastomotic leak, pancreatic 83 8.1

  Intra-abdominal infection or abscess 67 6.5

  Delayed gastric emptying (DGE) 29 2.8

  Supraventricular arrhythmia 28 2.7

  Pulmonary embolus 20 1.9

  Hemorrhage 19 1.8

  Urinary tract infection 19 1.8

  Death 18 1.7

  Non infected intra-abdominal/intra-thoracic fluid collection 16 1.6

  Fistula, pancreatic 14 1.4

  Other 156 15.4

Mortality (in-hospital) 18 1.7%

  Primary cause:

    Leak/abscess/sepsis 7 0.68

    Pulmonary embolus 3 0.19

    Myocardial infarction 2 0.19

    Ventricular arrhythmia 2 0.19

    Visceral artery thrombosis 2 0.19

    Gastrointestinal (GI) bleed 1 0.1

    Aspiration 1 0.1

a
Many patients had >1 complication.

b
% patients with that complication.
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TABLE II

Measured Variables for all Resections (n = 1,030) and for Resection for Adenocarcinoma (n = 577)

Variable Mean ± SD (All) Median (range) (All) Mean ± SD (Adeno) Median (range) (Adeno)

Estimated blood loss (ml) 676 ± 760 500 (0–8,500) 730 ± 707 600 (0–8,500)

Length of stay (days) 10.5 ± 12.4 8 (1–252) 11.5 ± 14.0 9 (1–252)

Total fluids (ml) 4,246 ± 1,839 4,000 (700–13,000) 4,508 ± 1,832 4,300 (1,100–11,700)

Colloid (ml) 307 ± 450 0 (0–3,000) 359 ± 475 0 (0–3,000)

Crystalloid (ml) 3,939 ± 1,607 3,700 (700–12,000) 4,149 ± 1,593 4,000 (1,100–10,000)

Surgical time (min) 244 ± 84 236 (49–558) 264 ± 79 261 (70–558)
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