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Abstract

Background There is no consensus on how to best achieve

a low central venous pressure during hepatectomy for the

purpose of reducing blood loss and red blood cell (RBC)

transfusions. We analyzed the associations between

intraoperative hypovolemic phlebotomy (IOHP),

transfusions, and postoperative outcomes in cancer

patients undergoing hepatectomy.

Methods Using surgical and transfusion databases of

patients who underwent hepatectomy for cancer at one

institution (11 January 2011 to 22 June 2017), we

retrospectively analyzed associations between IOHP and

RBC transfusion on the day of surgery (primary outcome),

and with total perioperative transfusions, intraoperative

blood loss, and postoperative complications (secondary
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outcomes). We fitted logistic regression models by inverse

probability of treatment weighting to adjust for

confounders and reported adjusted odds ratio (aOR).

Results There were 522 instances of IOHP performed

during 683 hepatectomies, with a mean (standard

deviation) volume of 396 (119) mL. The IOHP patients

had a 6.9% transfusion risk on the day of surgery

compared with 12.4% in non-IOHP patients (aOR, 0.53;

95% confidence interval [CI], 0.29 to 0.98; P = 0.04).

Total perioperative RBC transfusion tended to be lower in

IOHP patients compared with non-IOHP patients (14.9%

vs 22.4%, respectively; aOR, 0.72; 95% CI, 0.44 to 1.16;

P = 0.18). In patients with a predicted risk of C 47.5%

perioperative RBC transfusion, 24.6% were transfused

when IOHP was used compared with 56.5% without IOHP.

The incidence of severe postoperative complications

(Clavien–Dindo scores C 3) was similar in patients

whether or not IOHP was performed (15% vs 16%

respectively; aOR, 0.97; 95% CI, 0.53 to 1.54; P = 0.71).

Conclusions The use of IOHP during hepatectomy was

associated with less RBCs transfused on the same day of

surgery. Trials comparing IOHP with other techniques to

reduce blood loss and transfusion are needed in liver

surgery.

Résumé

Contexte Il n’existe pas de consensus quant à la meilleure

façon d’obtenir une pression veineuse centrale basse

pendant une hépatectomie dans le but de réduire les

pertes et les transfusions sanguines. Nous avons analysé les

associations entre la phlébotomie hypovolémique

peropératoire, les transfusions, et les résultats

cliniques postopératoires chez les patients qui

subissent une hépatectomie pour cancer.

Méthode À l’aide de bases de données chirurgicales et

transfusionnelles de patients ayant subi une hépatectomie

pour cancer dans un seul établissement (du 11 janvier

2011 au 22 juin 2017), nous avons rétrospectivement

analysé les associations entre la phlébotomie

hypovolémique peropératoire et les transfusions

érythrocytaires le jour de la chirurgie (critère

d’évaluation principal) et avec les transfusions

périopératoires totales, les pertes sanguines

peropératoires, et les complications postopératoires

(critères d’évaluation secondaires). Nous avons utilisé

des modèles de régression logistique avec pondération de

probabilité inverse de traitement afin de tenir compte des

facteurs de confusion et rapporté les rapports de cotes

ajustés (RCa).

Résultats Il y a eu 522 phlébotomies hypovolémiques

peropératoires exécutées au cours de 683 hépatectomies,

avec un volume moyen (écart type) de 396 (119) mL. Les

patients ayant eu une phlébotomie hypovolémique

peropératoire avaient un risque transfusionnel de 6,9 %

le jour de la chirurgie, comparativement à 12,4 % pour les

patients sans phlébotomie (RCa, 0,53; intervalle de

confiance [IC] de 95 %, 0,29 à 0,98; P = 0,04). Les

transfusions périopératoires totales d’érythrocytes

tendaient à être moins fréquentes chez les patients ayant

subi une phlébotomie hypovolémique peropératoire par

rapport aux patients sans phlébotomie (14,9 % vs 22,4 %,

respectivement; RCa, 0,72; IC 95 %, 0,44 à 1,16; P =

0,18). Pour les patients présentant un risque prédit de

transfusion périopératoire d’érythrocytes C à 47,5 %, 24,6

% de ceux qui ont eu une phlébotomie hypovolémique

peropératoire ont été transfusés, comparativement à 56,5

% sans phlébotomie. L’incidence des complications

postopératoires graves (scores de Clavien-Dindo C 3)

était semblable chez tous les patients, avec ou sans

phlébotomie hypovolémique peropératoire (15 % vs 16 %

respectivement; RCa, 0,97; IC 95 %, 0,53 à 1,54; P =

0,71).

Conclusions L’utilisation de la phlébotomie

hypovolémique peropératoire pendant une hépatectomie

était associée à un moins grand nombre de transfusions

érythrocytaires le jour de la chirurgie. Des études

qui compareront la phlébotomie hypovolémique

peropératoire à d’autres techniques visant à réduire les

pertes et les transfusions sanguines sont nécessaires en

chirurgie hépatique.

Partial hepatectomy is the mainstay of liver cancer

treatment in patients with a curative intent.

Acceptable postoperative morbidity and mortality rates

have been achieved and associated with long-term

survival.1,2 Nevertheless, the liver has a complex and rich

vascular anatomy. Resection is prone to bleeding and

subsequent need for perioperative red blood cell (RBC)

transfusions. With improved surgical techniques and

perioperative management, transfusion rates have

dropped from as high as 83% in the 1980s to 22% in

more recent series.3–5 Blood loss and allogeneic RBC

transfusions have been associated with a high postoperative

complication rate, low yet non-negligible risk of infectious

disease transmission, earlier cancer recurrence and related

mortality, and significant costs.3,6–8

Multiple strategies and patient blood management

(PBM) protocols have been proposed to minimize the

potential detrimental effects of RBC transfusion on patient

outcomes.9–18 The strongest predictors of perioperative

RBC transfusion are a preoperative hemoglobin (Hgb) \
125 g�L-1, major liver resection (C four segments), and

surgery for primary (as opposed to metastatic) liver
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cancer.4 Maintaining a low central venous pressure (CVP)

during hepatectomy has been considered the main

technique available to anesthesiologists to reduce

intraoperative blood loss, a major determinant of

transfusion.4,15,19–21 Low CVP has been achieved with

fluid restriction, the use of vasodilators, and intraoperative

hypovolemic phlebotomy (IOHP), which entails the

removal of whole blood without volume replacement

prior to liver transection. No large randomized-controlled

trials have established a standard for the use of any low

CVP technique.

Although previous studies, reporting on fewer than 300

patients in total, have supported that IOHP is safe, the

technique’s use varied considerably between studies and

RBC transfusion rates ranged from 2.0% to

22.5%.15,19,22,23 In the present study, our primary

objective was to analyze the associations between IOHP

and RBC transfusion on the day of surgery, and our

secondary objectives were to examine total perioperative

RBC transfusion, intraoperative blood loss, and

postoperative complications.

Methods

Design and setting

After approval from the institutional research ethics board

(no. 18.034; 30 August 2018), we conducted a

retrospective cohort study at the Centre hospitalier de

l’Université de Montréal evaluating the associations

between IOHP and perioperative RBC transfusion,

intraoperative blood loss, post-hepatectomy

complications, and survival. All patients had provided

written informed consent to be part of a prospectively

maintained surgical database to be analyzed in

institutionally approved research projects.

Patient selection

Inclusion criteria included adult patients undergoing

elective hepatectomy for primary (hepatocellular

carcinoma and intrahepatic cholangiocarcinoma) or liver

metastases between 11 January 2011 and 22 June 2017. We

excluded hepatectomy for gallbladder cancer, extrahepatic

cholangiocarcinoma, and benign hepatic tumours.

Intraoperative management

All hepatic resections were performed by a team of seven

hepatopancreatobiliary surgeons. Colorectal surgeons

assisted when a combined resection was performed for a

primary colorectal cancer with synchronous liver

metastases. Liver parenchymal transection was performed

with ultrasonography guidance generally using crush-

clamp dissection, ultrasonic energy devices, and

intrahepatic pedicle ligation. Hemostasis was generally

accomplished with argon beam coagulation. Intermittent

atraumatic hepatic hilar clamping (Pringle maneuver) was

used at the discretion of the surgeons to control bleeding

during parenchymal transection. Blood salvage was used at

the discretion of the surgeon, generally when intraoperative

bleeding exceeded expected volume. As per institutional

standards, tranexamic acid was not used in these patients

undergoing elective liver resection.

All operations were performed under standard balanced

general anesthesia using invasive pressure monitoring and

a central multi-lumen venous access including CVP

monitoring. Thoracic epidural analgesia was used in most

patients, with the intraoperative use of local anesthetics at

the anesthesiologist’s discretion; for other patients,

intrathecal morphine (0.05–0.5 mg) was used as the

preferred postoperative analgesia modality. A low CVP

management strategy was employed for all patients as

tolerated. The use of IOHP was at the discretion of the

anesthesiologist and generally restricted to patients with

Hgb levels[85 g�L-1 and with glomerular filtration rates

(GFR) [ 60 mL�min-1, as previously published.24 Using

the central venous catheter, whole blood was harvested

over approximately 15 min before hepatic resection was

started. The targeted IOHP volume was 5–10 mL�kg-1,

with the aim to reduce CVP by approximately 40% (no

absolute value goal). Blood was withdrawn passively by

gravity, collected in citrate-containing solution bags, and

kept for up to eight hours at 4�C or four hours at room

temperature (no agitator). Upon completion of hepatic

resection, the autologous blood was reinfused into the

patient (or before in cases of major bleeding during the

resection).

Exposure and outcomes

The exposure of interest for this study was the use of IOHP.

The primary outcome examined was RBC transfusion

during and after the surgery on the same day of surgery.

The secondary outcomes included any RBC transfusions

throughout the entire hospital stay (defined as perioperative

transfusions), intraoperative blood loss, postoperative

complications (defined using the Clavien–Dindo

classification),25 90-day mortality, and one-year overall

survival. Intraoperative blood loss was estimated based on

the volume of suctioned fluid minus irrigation fluid and by

consensus between the surgeon and the anesthesiologist.

Intraoperative and postoperative RBC transfusions were

administered based on intraoperative blood loss,

hemodynamic instability, or a Hgb threshold B 70 g�L-1
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(B 80 g�L-1 in patients with coronary disease). Post-

hepatectomy liver failure was graded according to the

International Study Group of Liver Surgery.26 After

discharge, patients were followed-up at four to six weeks

postoperatively, then every four to six months with

dedicated imaging.

Covariables

Variables were selected for descriptive purposes and as

potential confounders. Patient baseline characteristics were

recorded as well as the most recent (within three months of

surgery) preoperative Hgb, creatinine (Cr), international

normalized ratio (INR), and platelet count. Potential

confounders of the association between IOHP and

outcomes selected before conducting any analyses

included age, sex, preoperative Hgb and Cr, second

staged resection (any liver resection when a previous one

was done), major resection (defined as a resection of four

or more segments), primary liver cancer, combined liver

and gastrointestinal (GI) surgery, the use of epidural

analgesia, and a planned laparoscopic surgery. We used the

three-point perioperative transfusion risk score (TRS) for

stratified descriptive analyses, where one point is

cumulatively attributed to a patient presenting with: 1)

Hgb B 125 g�L-1, 2) primary liver malignancy, and 3)

major hepatic resection of C four segments. A TRS of 0

corresponds to a low risk of perioperative transfusion

(14.1%), 1 to a moderate risk (27.3%), 2 to a high risk

(47.5%), and 3 to a very high risk (62.0%).4

Data management

The transfusion data were extracted from the blood bank

database (TraceLine�), linked to the provincial blood

service database (Héma-Québec). The anesthesia data on

IOHP and estimated blood loss were extracted from the

electronic health record (Oacis software). Survival data

were last updated on 26 June 2019. All data were merged

in a unique research database that was securely stored on

our research centre server.

Statistical analyses

Statistical analyses were pre-planned to limit bias. A

convenience sample size was used based on existing

patient entries in our database. Descriptive data were

reported as mean (standard deviation [SD]) for continuous

variables, median [interquartile range (IQR)] for skewed

distributions, and as proportions for categorical variables.

We reported the median overall survival as Kaplan–Meier

estimates. Our primary analysis was a logistic regression to

estimate the association between IOHP and RBC

transfusion. We fitted models by generalized estimating

equations using an exchangeable correlation matrix and

robust sandwich-type standard errors to consider

intrapatient correlation (75 patients had two different

liver resections within the data set). We fitted unadjusted

models and adjusted models by the inverse probability of

treatment weighting (IPTW) using a propensity score of

IOHP. The propensity score was estimated with the

aforementioned potential confounders.4 For the one-year

overall survival analysis, we fitted marginal Cox models

with robust standard errors to take into account intrapatient

correlation. We censored patients who had more than one

liver resection in our data set at the second surgery and then

censored all observations at one year. We verified the

proportionality assumption by a visual inspection of the

Schoenfeld residuals and by a Harrel and Lee test.27

Multivariable modelling was used for all outcomes to

explore the effect of other determinants and as sensitivity

analyses of the IPTW model. The same confounders were

used without epidural analgesia and planned laparoscopic

surgery as predictors of the exposure for power purposes (a

priori decision).28 We verified the presence of

multicollinearity using the variance inflation factor.

Stratified descriptive analyses of the proportion of

patients transfused according to each stratum of the TRS

score as well as stratified analyses based on the volume of

IOHP were conducted. The alpha level was 0.05 and results

are reported with 95% confidence intervals (CIs). All

missing values are reported in the tables. Analyses were

performed using R software (R Core Team, version 3.6.2).

Results

Patient characteristics

There were 608 patients who underwent 683 hepatectomies

(75 patients had a second liver resection). Baseline patient

characteristics are summarized in Table 1. Of 683

hepatectomies, 553 (81%) and 130 (19%) were for liver

metastases and primary liver cancers, respectively. The

mean (SD) preoperative Hgb was 131 (15) g�L-1. Major

liver resections (C four segments) were performed in 229

of the 683 (34%) hepatectomies. Using the TRS,4 145 of

683 (22%) surgeries were performed in patients considered

at high or very high risk of perioperative transfusion.

Intraoperative bleeding was controlled with intermittent

hepatic hilar clamping (Pringle maneuver) in 28% (180/

683) of cases. Blood salvage was used in 7% (46/683) of

cases. Most cases were performed by laparotomy, with

epidural analgesia used in 92% (626/683) of cases.

There were 522 (76.4%) IOHP performed in 683

hepatectomies with a mean (SD) phlebotomy volume of
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396 (119) mL, representing a median [IQR] of 5.3 [4.1-6.4]

mL�kg-1 of body weight. As shown in Table 1, there were

more major hepatectomies, open procedures, and use of

epidural analgesia in IOHP patients than non-IOHP

patients. Combined liver and GI resections were

performed less frequently in IOHP patients (25/522;

4.8%) than non-IOHP patients (22/161; 13.7%). The

average operative time and the use of blood salvage were

not numerically different whether or not IOHP was used,

while the use of Pringle maneuvers was slightly more

frequent in patients with IOHP.

Transfusion and IOHP

As shown in Table 2, 8.2% of patients received RBC

transfusions on the day of surgery and 16.7%

perioperatively, during their hospital stay. In transfused

patients, a median [IQR] of 2 [1-3] RBC units were

Table 1 Patient baseline characteristics

Variable All

(n=683)

No IOHP

(n=161)

IOHP

(n=522)

SMD

Baseline characteristics

Age 63 (11) 62 (11) 63 (11) 0.11

Sex, male 432 (63%) 102 (63%) 330 (63%) 0.00

Preoperative hemoglobin (g�L-1) 131 (15) 129 (18) 131 (14) 0.15

Preoperative creatinine (lmol�L-1) 74 [51–97] 76 [64–87] 73 [63–86] 0.16

Preoperative INR[ 1.2* 22 (4%) 8 (5%) 14 (3%) 0.12

Preoperative platelets� (x109�L-1) 204 [168–251] 206 [158–253] 204 [168–251] 0.09

Primary liver cancer 130 (19%) 25 (16%) 105 (20%) 0.12

Hepatocellular carcinoma� 85 (13%) 18 (11%) 67 (13%)

Second liver resection 75 (11%) 12 (7%) 63 (12%) 0.16

Transfusion risk score§ 0: 249 (37%) 0: 68 (42%) 0: 181 (35%) 0.16

1: 289 (42%) 1: 66 (41%) 1: 223 (43%) 0.04

2: 133 (20%) 2: 23 (14%) 2: 110 (21%) 0.18

3: 12 (2%) 3: 4 (2%) 3: 8 (2%) 0.07

Intraoperative characteristics

Phlebotomy volume (mL) 396 (119)}

Epidural analgesia 626 (92%) 134 (83%) 492 (94%) 0.35

Laparoscopic surgery 71 (10%)# 26 (16%) 45 (8%) 0.27

Major resection (C 4 segments) 229 (34%) 41 (25%) 188 (36%) 0.23

Combined GI tract surgery** 47 (7%) 22 (14%) 25 (5%) 0.31

Hepaticojejunostomy 13 (2%) 1 (1%) 12 (2%) 0.14

Pringle maneuver�� 180 (28%) 36 (24%) 144 (29%) 0.11

Blood salvage 46 (7%) 8 (5%) 38 (7%) 0.10

Duration of surgery�� (min) 190 [140–240] 185 [140–235] 190 [145–240] 0.06

Continuous variables are reported as mean (standard deviation) or median [interquartile range] as indicated. SMD is used to numerically evaluate

the differences between patients grouped by IOHP vs no IOHP.

*74 missing values (15 in the no phlebotomy group and 59 in the phlebotomy group)
�73 missing values (18 in the no phlebotomy group and 55 in the phlebotomy group)
�Included in the primary liver cancer proportion.
§One point is given per risk factors: i) preoperative Hgb B 125 g�L, ii) primary liver malignancy, and iii) resection of C 4 segments4

}22 missing values out of 522 patients who were exposed to a phlebotomy
#28 (39%) converted to open surgeries

**Either concomitant oncological surgery (42) or any other indication (5)
��33 missing values (10 in the no phlebotomy group and 23 in the phlebotomy group)
��6 missing values (2 in the no phlebotomy group and 4 in the phlebotomy group)

GI = gastrointestinal; Hgb = hemoglobin; INR = international normalized ratio; IOHP = intraoperative hypovolemic phlebotomy; SMD =

standardized mean difference.
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transfused perioperatively. Of the 522 IOHP patients, 36

(6.9%) were transfused on the day of surgery and 78

(14.9%) perioperatively during the entire hospital stay,

compared with 20 (12.4%) and 36 (22.4%) of the 161 non-

IOHP patients, respectively (Fig. 1a). There were fewer

perioperative transfusions than predicted in IOHP patients,

as categorized by the three-point TRS; the non-IOHP

patients were closer to the TRS predictions (Fig. 1b). In

unadjusted analyses, IOHP was associated with fewer

transfusions compared with non-IOHP patients (OR, 0.53;

95% CI, 0.30 to 0.93; P = 0.03) on the same day of surgery

(Table 3) and perioperatively (OR, 0.62; 95% CI, 0.40 to

0.95; P = 0.03) (Table 4). After controlling for age, sex,

preoperative Hgb and Cr levels, second liver resections,

major resections, resections for primary liver cancer,

combined GI tract surgery, a planned laparoscopic

surgery, and the use of epidural analgesia, the adjusted

effect suggested that IOHP was significantly associated

with lower RBC transfusions on the same day of surgery

(adjusted odds ratio [aOR], 0.53; 95% CI, 0.29 to 0.98; P =

0.04) (Table 3). A similar trend was observed for

perioperative transfusions (aOR, 0.72; 95% CI, 0.44 to

1.16; P = 0.18) (Table 4). In unadjusted analysis, the use of

IOHP was associated with higher reported blood loss (b̂,

0.19; 95% CI, 0.07 to 0.32; P = 0.003), an association no

longer significant in adjusted analysis (b̂, 0.11; 95% CI, -

0.02 to 0.33; P = 0.11) (see eTable 1 in the Electronic

Supplemental Material [ESM]).

We explored the effect of confounders by multivariable

sensitivity analyses. The use of IOHP tended to be

Table 2 Postoperative outcomes

Outcomes All

(n=683)

No IOHP

(n=161)

IOHP

(n=522)

Patients transfused on the day of surgery 56 (8.2%) 20 (12.4%) 36 (6.9%)

Patients transfused perioperatively 114 (16.7%) 36 (22.4%) 78 (14.9%)

Perioperative transfusions among patients transfused 2 [1–3] 2 [1–4] 2 [1–3]

Intraoperative bleeding, mL 500 [250–800] 300 [200–700]* 500 [300–800]

Length of stay, days 7 [5–9] 7 [6–10] 7 [5–9]

Patients with C 1 severe complication (Clavien–Dindo III, IV, V)25 95 (13.9%) 23 (14.3%) 72 (13.7%)

Liver failure, any grade26 29 (4.2%) 9 (5.6%) 20 (3.8%)

Postoperative 90-day mortality 10 (1.5%) 3 (1.9%) 7 (1.3%)

1-year mortality, all causes� 51 (8.3%) 15 (9.5%) 36 (7.5%)

Median (95% CI)� overall survival, years 4.8 (4.3 to 5.7) 4.6 (3.8 to 6.0) 5.1 (4.2 to 6.2)

Continuous variables are reported as median [IQR] as indicated.

*3 missing values
�Based on 608 non-duplicated patients in the whole cohort, 158 in the no IOHP group and 482 in the IOHP group (groups do not sum up because

some patients had two surgeries in each group)
�By Kaplan–Meier with 95% CIs

CI = confidence interval; IOHP = intraoperative hypovolemic phlebotomy; IQR = interquartile range.

Fig. 1 Red blood cell

transfusions. A) Patient

transfusion rates on the day of

surgery (dashed lines) and

perioperatively during the entire

hospital stay (bar height). B)

Predicted (grey) perioperative

transfusion rates in patients

categorized by the three-point

transfusion risk score (TRS),4

and observed transfusion rates

according to intraoperative

hypovolemic phlebotomy

(IOHP) status.
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associated with lower same-day and perioperative

transfusions, but this difference was not statistically

significant (Tables 3 and 4). Additionally, we explored

the risk of RBC transfusion and bleeding in the IOHP and

non-IOHP patients stratified for the use of blood salvage

(eTable 2, ESM). In the 46 patients in whom blood salvage

was used, there were 7/38 (18.4%) transfusions on the day

of surgery in IOHP patients and 4/8 (50.0%) in non-IOHP

patients (P = 0.07). We also dichotomized phlebotomies as

either small or large, based on the median volume

normalized to patient weight (5.3 mL�kg-1). The volume

of phlebotomies did not have any effect on transfusion on

Table 3 Association between baseline variables and transfusion on the day of surgery

Variable OR (95% CI) P value

Unadjusted (univariate analysis)

IOHP 0.53 (0.30 to 0.93) 0.03

Adjusted (inverse probability of treatment weighting)*

IOHP 0.53 (0.29 to 0.98) 0.04

Adjusted (multivariable analysis)

IOHP 0.63 (0.33 to 1.23) 0.18

Age 1.01 (0.98 to 1.04) 0.70

Sex, female 1.00 (0.52 to 1.94) 0.99

Hemoglobin (per 10 g�L-1) 0.62 (0.51 to 0.77) \0.001

Creatinine (per 10 lmol�L-1) 1.12 (1.02 to 1.24) 0.02

Second liver resection 2.86 (1.40 to 5.86) 0.004

Major resection (C 4 segments) 2.37 (1.30 to 4.30) 0.005

Primary liver cancer 2.36 (1.08 to 4.75) 0.03

Combined GI tract surgery 0.69 (0.20 to 2.31) 0.55

*Controlled for: age, sex, preoperative Hgb and Cr, second liver resections, major resections (C 4 segments), resections for primary liver cancer

and combined gastrointestinal procedures. n = 683 observations (56 events)

CI = confidence interval; GI = gastrointestinal; IOHP = intraoperative hypovolemic phlebotomy; OR = odds ratio.

Table 4 Association between baseline variables and total perioperative transfusion

Variable OR (95% CI) P value

Unadjusted (univariate analysis)

IOHP 0.62 (0.40 to 0.95) 0.03

Adjusted (inverse probability of treatment weighting)*

IOHP 0.72 (0.44 to 1.16) 0.18

Adjusted (multivariable analysis)

IOHP 0.74 (0.43 to 1.26) 0.26

Age 1.00 (0.98 to 1.02) 0.82

Sex (female) 1.11 (0.67 to 1.83) 0.70

Hemoglobin (per 10 g�L-1) 0.59 (0.50 to 0.71) \0.001

Creatinine (per 10 lmol�L-1) 1.12 (1.02 to 1.23) 0.02

Second resection 2.33 (1.25 to 4.38) 0.008

Major resection 2.15 (1.36 to 3.41) 0.001

Primary liver cancer 1.96 (1.11 to 3.46) 0.02

Combined GI tract surgery 2.54 (1.13 to 5.70) 0.02

*Controlled for: age, sex, preoperative Hgb and Cr, second liver resections, major resections (C 4 segments), resections for primary liver cancer,

and combined gastrointestinal procedures.

n = 683 observations (114 events).

CI = confidence interval; GI = gastrointestinal; IOHP = intraoperative hypovolemic phlebotomy; OR = odds ratio.
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the day of surgery (eTables 3, ESM) or perioperatively

(eTable 4, ESM). Nevertheless, small phlebotomies were

associated with a greater risk of intraoperative bleeding (b̂
= 0.18; 95% CI, 0.06 to 0.31) whereas large phlebotomies

were not (b̂ = 0.09; 95% CI, 0.03 to 0.22) (eTable 5, ESM).

Preoperative Cr levels, second and major liver resections,

and hepatectomies for primary liver cancer were

significantly associated with an increased risk of

intraoperative bleeding (eTable 5, ESM).

Surgical outcomes

The median [IQR] length of stay was 7 [5–9] days and the

median [IQR] follow-up time between surgery and death or

last visit was 2.7 [1.5–4.0] years. The Kaplan–Meier-based

median overall survival was 4.8 (95% CI, 4.3 to 5.7) years;

half the cohort had died at 4.8 years. At least one severe

postoperative complication (Clavien–Dindo grades III, IV,

and V) occurred in 95 of 683 (13.9%) patients. The 90-day

mortality rate was 1.5% (10/683). Surgical complications

and survival were not significantly different in the IOHP or

non-IOHP patients (Table 2; eTable 6 and eTable 7, ESM;

Fig. 2). Major liver resection (C four segments), combined

GI tract surgery, and primary liver cancer were the main

factors associated with severe complications (eTable,

ESM).

The balanced results of the superpopulations used for

our IPTW analyses are found in eTable 8 (ESM).

Discussion

In this largest to date single-institution cohort analyzing the

association between IOHP, transfusion, and outcomes in

liver cancer patients, we observed a 14.9% rate of

perioperative RBC transfusion in patients exposed to

IOHP compared with 22.4% in patients without IOHP.

The perioperative transfusion rate without IOHP is similar

to the findings of another contemporaneous study reporting

a transfusion rate of 26.5% where IOHP was not a

standard.4 In patients with a predicted risk of C 47.5% for

perioperative transfusion (TRS 2 or 3), only 24.6% were

transfused if IOHP was used compared with 56.5% without

IOHP. The IPTW adjusted treatment effect of IOHP

supported a significant reduction in transfusion risk on

the day of surgery (aOR, 0.53; 95% CI, 0.29 to 0.98; P =

0.04), but the effect was not as significant for perioperative

transfusions administered during the entire hospital stay.

The use of IOHP was safe, and not associated with more

postoperative complications, as supported by a recent

meta-analysis.29

The adversely impacted cancer outcomes observed in

transfused patients following hepatectomy3,6–8 may be due

to transfusion-associated immunomodulation (TRIM),

characterized by increased regulatory T cells,

dysfunctions of natural killer cells and macrophages, and

deficient antigen presentation, which in turn may impact

healing and anti-cancer immunity.30,31 Although TRIM

may be decreased by depleting allogeneic blood of

leukocytes,32,33 in the modern era, the benefit of

Fig. 2 One-year overall

survival after hepatectomy.

Survival curves according to

whether or not intraoperative

hypovolemic phlebotomy

(IOHP) was used, generated

from a multivariable marginal

Cox modelling adjusted for

confounders.
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leukoreduced blood products on immunosuppression and

cancer recurrence in clinical settings remains unclear.34,35

Furthermore, transfusions are associated with rare

infections and non-negligible economic costs,36 and

mistranfusions due to clerical errors are also associated

with significant morbidity and mortality.37

Preventing RBC transfusion for elective surgery by

minimizing surgical blood loss is part of a multi-modal

approach of PBM, which is a standard of practice for

healthcare institutions according to World Health

Organization recommendations.38 Several intraoperative

techniques have been proposed to reduce bleeding and

allogeneic blood transfusion.11–18 Of those, low CVP

during hepatectomy has been shown to significantly

decrease blood loss, one of the main determinants of

transfusion.14,15,19–21 Due to its low vascular resistance, the

liver effectively buffers blood volume. Experimentally,

elevation in CVP increases hepatic venous pressure, which

results in blood pooling in the liver.21 Reducing CVP

lowers the pressure in the hepatic veins and their tributaries

and minimizes blood loss during parenchymal

transection. In contrast, the Pringle maneuver is a very

effective inflow occlusion technique that has little influence

on backflow bleeding from hepatic veins or their

tributaries. Bleeding complicates liver resection by

altering the surgeon’s view of the transection plane and

adjacent important structures, potentially resulting in more

blood loss.

The use of IOHP has thus been studied as a means of

lowering CVP and reducing blood loss during transection

and RBC transfusion requirements. Importantly, IOHP

must be distinguished from acute normovolemic

hemodilution, where a certain volume of blood is

removed and replaced with intravenous fluids to maintain

euvolemia, with the phlebotomized blood transfused back

to the patient following hepatic transection.39 A direct

association between phlebotomy volume and reduced CVP

has been documented,15,19,22,24 but IOHP could manifest its

beneficial effects independently of CVP.40 In 40 patients

randomized to undergo a standardized IOHP (0.7% of the

patient’s body weight), a median blood loss of 140 mL

during parenchymal transection was observed compared

with 230 mL in the 39 patients without IOHP (P = 0.03),

associated with a median CVP of 5 cm H2O vs 6 cm H2O

(P = 0.005), respectively.40 In this study, the total

intraoperative blood loss was, however, not significantly

different between the two groups. Ryckx et al.19

specifically recorded the drop in CVP associated with

IOHP in 100 consecutive patients undergoing liver

resection. By multivariate analysis, the drop in CVP

(median [IQR], 5 [0–14] mmHg) and the IOHP volume

(median [IQR], 400 [200–1,000] mL) were both

significantly associated with a lower intraoperative blood

loss (P = 0.001).

Consistently, in the sensitivity analyses we conducted,

dichotomizing for large vs small IOHP using a median

of 5.25 mL�kg-1 patient weight as a cut-off value,

suggested that small IOHP had no effect on perioperative

transfusion (OR, 1.03; 95% CI, 0.53 to 1.98; P = 0.94)

compared with large IOHP (OR, 0.58; 95% CI, 0.31 to

1.10; P = 0.10). We could not retrieve data on the CVP

drop for analysis in our study. The median [IQR]

intraoperative blood loss of 500 [250–800] mL we

observed falls within the range of 0 to 2,100 mL and

median values of approximately 400 to 500 mL reported in

IOHP studies. Despite adjustment for confounders, IOHP

was not associated with lower intraoperative blood loss. In

this retrospective study, blood loss estimated at time of

surgery was subjective and not standardized, limiting the

accuracy and relevance of this outcome. We may also have

observed a stronger effect of IOHP on bleeding and

transfusion outcomes if the median phlebotomized blood

volume normalized for patient weight had been higher than

5.25 mL�kg-1 and within the published target of 7–10

mL�kg-1.15,41 Practical factors may have contributed to the

relatively small IOHP volume we observed, since the

median volume of 396 mL roughly corresponds to the

volume of a single blood procurement bag.

Our study has limitations inherent to the retrospective

design. Although the clinical and transfusion databases

were prospectively maintained, the IOHP data were

retrospectively extracted from anesthesiology charts.

There were no systematic explanations reported to justify

why a smaller than expected phlebotomy was performed,

or no phlebotomy at all. Outside a prospective trial, the

decision to transfuse a patient during and after a

hepatectomy and the estimated intraoperative blood loss

involves many subjective factors that we could not control

for and that may be associated with our exposure of

interest. Although we adjusted the analyses for many

confounders, we cannot exclude uncontrolled confounding.

Even though we fitted multiple models to better define the

association between IOHP and outcomes, the model fitted

by IPTW was the one with fewer model assumptions and

greater precision.

Conclusions

In 522 consecutive partial hepatectomies, IOHP was found

to be safe, associated with fewer RBC transfusions on the

day of surgery, and less perioperative RBC

transfusions than expected according to predictive scoring

and published data. Randomized-controlled trials

comparing IOHP with other anesthesia techniques are
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needed to help standardize practices of low CVP and to

optimize perioperative blood management for liver

surgery.
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