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KEY POINTS
•	 Question: How does ventilation mode and airway pressure parameters influence intraopera-

tive blood loss and transfusion requirements during prone position spine surgery?
•	 Findings: Contrary to previous studies, neither the mode of mechanical ventilation nor airway 

pressures are associated with an increased risk of intraoperative blood loss, postoperative 
drain output, or need for allogeneic transfusion.

•	 Meaning: Use of modern ventilation strategies including lung protective techniques may 
mitigate differences in blood loss previously observed between pressure-controlled ventilation 
(PCV) and volume-controlled ventilation (VCV) modes.

BACKGROUND: Blood loss during adult spinal deformity surgery is multifactorial. Anesthetic-
related factors, such as mode of mechanical ventilation, may contribute to intraoperative blood 
loss. The aim of this study was to determine the influence of ventilator mode and ventilator 
parameters on intraoperative blood loss and transfusion requirements in patients undergoing 
prone position spine surgery.
METHODS: This single-center retrospective study examined electronic medical records of 
patients ≥18 years of age who underwent elective prone position spine surgery between May 
2015 and June 2016. Associations between ventilator mode and ventilator parameters with 
intraoperative estimated blood loss (EBL), packed red blood cells (PRBCs), fresh-frozen plasma 
(FFP), cryoprecipitate and platelet transfusions, and subfascial drain output were examined using 
multiple linear regression models controlling for age, sex, American Society of Anesthesiologist 
(ASA) physical status score, body mass index (BMI), preoperative blood coagulation parameters 
and laboratory values, operative levels, cage constructs, osteotomies, transforaminal lumbar 
interbody fusions, laminectomies, reoperation, spine surgery invasiveness index, and operative 
time. In a secondary analysis, EBL, blood product transfusions, and postoperative drain output 
were compared between pressure-controlled ventilation (PCV) and volume-controlled ventilation 
(VCV) propensity score–matched cohorts.
RESULTS: Nine hundred forty-six records were reviewed, and 822 were included in the analysis. 
After adjusting for confounding, no statistically significant associations were observed between 
mode of ventilation and intraoperative EBL (estimate, −2; 95% confidence interval [CI], −248 to 
245; P = .99) or blood product transfusions (PRBC: estimate, −9; 95% CI, −154 to 135; P = .90; 
FFP: estimate, −3; 95% CI, −59 to 54; P = .93; cryoprecipitate: estimate, −14; 95% CI, −70 to 
43; P = .63; platelets: −7; 95% CI, −39 to 24; P = .64). After propensity score matching (n = 27 
per group), no significant differences were observed in EBL (mean difference, 525 mL; 95% CI, 
−15 to 1065; P = .056) or blood transfusions (PRBC: mean difference, 208 mL; 95% CI, −23 
to 439; P = .077; FFP (mean difference, 34 mL; 95% CI, −17 to 84; P = .19); cryoprecipitate 
(mean difference, 55 mL; 95% CI, −24 to 133; P = .17); or platelets (mean difference, 26 mL; 
95% CI, −12 to 64; P = .18) between PCV and VCV groups.
CONCLUSIONS: In prone position spine surgery, neither mode of mechanical ventilation nor 
airway pressure is associated with intraoperative blood loss or need for allogeneic transfu-
sion. Use of modern ventilation strategies using lung protective techniques may mitigate dif-
ferences in blood loss previously observed between PCV and VCV modes.   (Anesth Analg 
2020;130:100–10)
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GLOSSARY
ASA = American Society of Anesthesiologists; BMI = body mass index; bpm = breaths per minute; 
CI = confidence interval; d = Cohen d effect size; DBP = diastolic blood pressure; EBL = estimated 
blood loss; Est = estimate; EXTEM = external temogram; FFP = fresh-frozen plasma; FIBTEM = 
fibrinogen temogram; GLMERs = generalized linear mixed-effects models; HCT = hematocrit; HGB 
= hemoglobin concentration; ICU = intensive care unit; INR = international normalized ratio; Intraop 
= intraoperative; IQR = interquartile range; IRB = institutional review board; LMERs = linear mixed-
effects models; LOS = length of stay; M = mean; MAWP = mean airway pressure; MV = minute 
ventilation; OR = operating room; PBW = predicted body weight; PCV = pressure-controlled ventila-
tion; PEEP = positive end-expiratory pressure; PIP = peak inspiratory pressure; PLAT = plateau 
pressure; POD = postoperative day; PRBC = packed red blood cell; PT = prothrombin time; PTT = 
partial thromboplastin time; ROTEM = rotational thromboelastometry; RR = respiratory rate; SBP = 
systolic blood pressure; SD = standard deviation; SSII = Spine Surgery Invasiveness Index; STROBE 
= Strengthening the Reporting of Observational Studies in Epidemiology; TLIFs = transforaminal 
lumbar interbody fusions; TV = tidal volume; VCV = volume-controlled ventilation; W = Shapiro-Wilk 
test of normality

Surgery for adults with spinal deformity is often 
complex and associated with significant blood 
loss.1–3 Intraoperative blood loss is multifacto-

rial and is influenced by factors such as sex, body 
mass index (BMI), the severity of deformity, and 
surgical variables such as the approach, number 
of levels, or osteotomies performed.1,4–6 Anesthetic 
factors, such as the mode of mechanical ventilation, 
may contribute to intraoperative blood loss.

Kang et al7 performed a prospective randomized 
study of 56 patients undergoing spinal fusion and 
evaluated the effect of volume-controlled ventila-
tion (VCV) or pressure-controlled ventilation (PCV) 
on intraoperative blood loss. They demonstrated that 
PCV was associated with significantly reduced intra-
operative bleeding compared to VCV (median, 253.0 
mL [interquartile range (IQR), 179.0–316.5 mL] in PCV 
group versus 382.5 mL [328.0–489.5 mL] in VCV group; 
P < .001).7 The authors hypothesized that PCV is asso-
ciated with decreased peak inspiratory pressure (PIP) 
which may in turn lead to decreased intrathoracic pres-
sure, improved venous drainage, and reduced surgical 
bleeding. However, this study was limited by several 
factors, particularly the absence of reporting of several 
important confounding variables: (1) The authors did 
not control for the extent of the surgical procedure with 
respect to the number of intervertebral cage constructs 
(necessitating a discectomy), Smith-Peterson osteoto-
mies, or laminectomies performed. These factors influ-
ence the risk for blood loss, and the study size was 
likely not sufficiently large to control for these variables 
through randomization. (2) Preoperative coagulation 
laboratory values were included; however, intraop-
erative coagulation laboratory values and blood prod-
uct transfusions were not reported.8 We previously 
reported that evaluation and correction of coagulopa-
thy may prevent or limit additional blood loss.9

The aim of this single-institution retrospec-
tive study was to estimate the association between 

ventilation mode and airway pressure parameters 
and intraoperative blood loss and transfusion require-
ments in patients undergoing spine surgery in the 
prone position. Secondary outcomes were postopera-
tive drain output and transfusions. We hypothesized 
that PIP and mean airway driving pressure are posi-
tively associated with increased intraoperative blood 
loss and transfusion requirements.

METHODS
This article adheres to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines. The study was approved by the 
Institutional Review Board (IRB) for Health Science 
Research (HSR-19108), and the requirement for writ-
ten informed consent was waived by the IRB. The elec-
tronic medical records of all patients ≥18 years of age 
who underwent elective spine surgery in the prone 
position at a university medical center between May 
2015 and June 2016 were retrospectively reviewed. 
Pregnant patients, prisoners, and those undergoing 
urgent or emergent surgery were excluded from the 
analysis.

Anesthetic management was not standardized in 
this retrospective study. However, in general, anesthesia 
was induced with intravenous lidocaine (1–1.5 mg/kg) 
and propofol (1–2 mg/kg). Rocuronium (0.5–1 mg/kg) 
was administered as a single dose to facilitate tracheal 
intubation and was not redosed during cases involving 
neuromonitoring. Intravenous methadone (0.1–0.2 mg/
kg) was administered before surgical incision. Arterial 
and central venous access were obtained after induc-
tion of anesthesia if required. Following prone posi-
tioning on a Jackson table, anesthesia was maintained 
with intravenous infusions of propofol (50–150 µg/
kg/min), lidocaine (40 µg/kg/min), ketamine (0.3–0.5 
mg/kg/h), with or without up to one-half minimum 
alveolar concentration of volatile anesthetic to facilitate 
neuromonitoring.
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Ventilator mode, ventilator parameters, blood 
pressure, and blood product transfusions were man-
aged at the discretion of the anesthesiologist. In gen-
eral, phenylephrine and norepinephrine infusions 
were used to maintain systolic blood pressure (SBP) 
>90 mm Hg and mean arterial pressure >60 mm Hg. 
Autologous transfusion was used in cases with antici-
pated blood loss >1 L and salvaged blood returned 
to the patient. Additional packed red blood cells 
(PRBCs) were administered for arterial blood gas 
hemoglobin concentration (HGB) <9.0 g/dL. Fresh-
frozen plasma (FFP), cryoprecipitate, and platelet 
transfusions were administered based on a rotational 
thromboelastometry (ROTEM) treatment algorithm 
utilizing external temogram (EXTEM) and fibrinogen 
temogram (FIBTEM) assays as previously described.9 
Intravenous hydromorphone was administered at the 
end of the procedure for additional analgesia at the 
discretion of the anesthesiologist. Patients were trans-
ferred to the postanesthesia care unit or intensive care 
unit (ICU) for postoperative monitoring.

Postoperative drain output was recorded every 
8 hours. Postoperative blood product transfusion 
thresholds were HGB <8.0 g/dL, international nor-
malized ratio (INR) >1.5 or partial thromboplastin 
time (PTT) >35 seconds, fibrinogen <150 mg/dL, and 
platelet count <80,000/mL.

Outcomes
The primary outcome was intraoperative blood 
loss and blood transfusions. Secondary outcomes 
included postoperative drain output and transfusion 
requirements.

Covariates
The following variables were collected from the elec-
tronic medical record for each patient. Subjects miss-
ing data for a particular covariate were excluded from 
the analysis for that covariate. Preoperative variables 
included age, SBP and diastolic blood pressure (DBP), 
temperature, pulse, respiratory rate (RR), height, 
weight, BMI, American Society of Anesthesiologists 
(ASA) physical status score, HGB, hematocrit (HCT), 
platelet count, prothrombin time (PT), PTT, INR, and 
fibrinogen concentration. Intraoperative variables 
included number of operative levels, cage constructs, 
osteotomies, transforaminal lumbar interbody fusions 
(TLIFs), laminectomies, as well as primary or reop-
eration surgery, Spine Surgery Invasiveness Index 
(SSII),10 estimated blood loss (EBL), intraoperative 
fluid and transfusion administration, operative time, 
and time to extubation.

Ventilator data were collected from 20 minutes after 
procedure start time to 20 minutes before procedure 
end time. These time points were chosen for ease of 
data collection and interpretation because they are 

consistently documented within the electronic medi-
cal record by the anesthesiologist and operating room 
(OR) nurse. Twenty minutes was subtracted from each 
time point to allow for adjustments in ventilation at 
the beginning and end of the surgery when provid-
ers may transition to pressure support or spontaneous 
modes of ventilation. Patients were assumed to be con-
sistently ventilated using a single mode of ventilation 
throughout the duration of the procedure. Ventilator 
parameters collected included mode, mean tidal vol-
ume (TV), RR, minute ventilation (MV), PIP, plateau 
pressure (PLAT), positive end-expiratory pressure 
(PEEP), mean airway pressure (MAWP), airway driv-
ing pressure (PLAT − PEEP), and estimated static com-
pliance (TV/airway driving pressure). Postoperative 
data included subfascial drain output and blood trans-
fusions on postoperative days 1–3, incidence of respi-
ratory depression (single documented RR <8 breaths 
per minute [bpm]), hypoxemia (single documented 
oxygen saturation <90% or need for supplemental 
oxygen >2 L nasal cannula to maintain oxygen satura-
tion >96%), and hypotension (single documented SBP 
<90 mm Hg or MAP <60 mm Hg) requiring vasopres-
sor treatment and length of ICU stay.

Statistical Analysis
All variables were treated as continuous variables 
with the exception of fibrinogen level (reflecting 
patients who did and did not have preoperative fibrin-
ogen level drawn), respiratory depression, hypox-
emia, hypotension, and vasopressor requirement 
which were categorized into dichotomous variables. 
Descriptive statistics are presented as number (n) and 
proportion (%) for dichotomous variables, and mean 
(M) and standard deviation (SD) and median for con-
tinuous variables. Normality was assessed via visual 
inspection of histograms and using the Shapiro test; if 
P < .001, the data are not normally distributed.

Association between ventilation mode and ventila-
tor parameters (PIP, TV/predicted body weight [PBW], 
PEEP, PLAT, MAWP, driving pressure, and estimated 
static compliance) and intraoperative EBL, crystal-
loid and colloid administration, and intraoperative 
blood transfusions (PRBC, FFP, cryoprecipitate, and 
platelets) were examined in multiple linear regression 
models (56 models in total). Each model controlled for 
the following covariates: age, gender, BMI, HGB, HCT, 
platelet count, PT, PTT, INR, fibrinogen, number of 
operative levels, cage constructs, osteotomies, TLIFs, 
laminectomies, redo surgery, SSII, and operative time.

Linear mixed-effects models (LMERs) or generalized 
linear mixed-effects models (GLMERs) were used to 
examine the association between ventilator mode and 
ventilator parameters and postoperative drain output 
and blood transfusions over postoperative days 1–3 
(40 models in total). Patients were included as random 
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effects, and postoperative day (POD) and ventilator 
parameters were included as fixed effects.

Multiple linear regression models (time to extuba-
tion; length of ICU stay) or logistic regression models 
(need for vasopressor; OR extubation; hypoxemia; 
respiratory depression) were used to examine the 
association between ventilator mode and ventilator 
parameters and postoperative outcomes (48 models 
in total).

To control family-wise error, statistical significance 
was adjusted with Bonferroni correction at α of .05 
divided by the number of models (n = 144), with P 
≤ .0003 considered significant. All analyses were per-
formed in R version 3.3.2 (The R Foundation, Vienna, 
Austria).11

In a secondary analysis, subjects were dichotomized 
into 2 cohorts: VCV and PCV. Baseline demograph-
ics, comorbidities, laboratory values, and intraopera-
tive characteristics were compared between cohorts 
(Supplemental Digital Content 1, Table 1, http://
links.lww.com/AA/C869). Continuous variables 
were compared using Student t or Mann-Whitney 
U tests, and categorical variables were compared 
using Pearson χ2 or Fisher exact tests, as appropri-
ate. Univariable logistic, linear, and negative binomial 
regression analyses were performed using Stata (ver-
sion 14.2, College Station, TX) to assess the relationship 
between the mode of ventilation and the primary and 
secondary outcomes (Supplemental Digital Content 2, 
Table 2, http://links.lww.com/AA/C870). To adjust 
for baseline differences, the 2 cohorts were matched, 
without replacement, in a 3:1 ratio with a caliper of 0.2 
SDs of the logit of the propensity score using greedy 
matching. Propensity scores were derived using logis-
tic regression model accounting for baseline char-
acteristics identified by comparisons with P < .15. 
PSMATCH2 package12 developed for Stata was used 
for propensity score derivation.12 Balance of baseline 
characteristics was assessed using standardized differ-
ences between the matched cohorts. Univariable logis-
tic, linear, and negative binomial regression analyses 

were performed on the matched cohorts to assess the 
relationship between the mode of ventilation and the 
outcomes. All tests were 2-tailed. To control family-
wise error, statistical significance was adjusted with 
Bonferroni correction at α of .05 divided by the num-
ber of tests (n = 49). Missing data were not imputed.

Power of the linear regression model was deter-
mined using sample size (N = 800) and effect size (R2 
values) between 0.001 and 0.05 (0.1%–5% of variation 
explained) at α = .05, .01, .005, .001, and .0005. We can 
achieve 80% power if the predictor (ie, the independent 
variables) account for 1.00% or more of the variation 
(correlation about 0.10). At α = .0005, we can achieve 
80% power if the predictor (ie, the independent vari-
ables) account for 2.30% or more of the variation (cor-
relation about 0.15). At α = .0001, we can achieve 80% 
power if the predictor (ie, the independent variables) 
account for 2.80% or more of the variation (correlation 
about 0.17) (Supplemental Digital Content 3, Figure 1, 
http://links.lww.com/AA/C871).

A power analysis of the propensity score–matched 
data suggested that 17 subjects per group would have 
80% power (2-sided, P = .05, Cohen d effect size [d] = 
1) to detect a difference of 250 mL EBL (approximately 
equivalent to 1 unit blood). Using results of Kang et 
al7 (mean EBL at 24 hours: 407.30 ± 187.40 mL in the 
PCV group and 508.70 ± 299.40 mL in the VCV group), 
96 subjects per group would be needed to have 80% 
power to detect the same effect size.

RESULTS
A total of 946 records were reviewed, and 822 were 
included in the analysis (n = 401, 48.78% men; n = 421, 
51.22% women). Seven hundred ninety-four subjects 
received VCV and 28 received PCV (Consolidated 
Standards of Reporting Trials [CONSORT] dia-
gram shown in the Figure). Descriptive statistics 
of baseline demographic, preoperative, and surgi-
cal characteristics is shown in Supplemental Digital 
Content 1, Table 1, http://links.lww.com/AA/C869. 
Intraoperative and postoperative characteristics are 

Figure. Consolidated Standards of Reporting Trials (CONSORT) diagram. EBL indicates estimated blood loss.

http://links.lww.com/AA/C869
http://links.lww.com/AA/C869
http://links.lww.com/AA/C870
http://links.lww.com/AA/C871
http://links.lww.com/AA/C869
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shown in Supplemental Digital Content 2, Table 2, 
http://links.lww.com/AA/C870. Visual inspection 
of histograms and results of the Shapiro test of nor-
mality showed that, with the exception of fibrino-
gen (Shapiro-Wilk test of normality [W] = 0.98, P = 
.482), the data are not normally distributed (data not 
shown).

Association Between Ventilator Mode and 
Ventilator Parameters and Intraoperative Blood 
Loss, Fluid Administration, and Blood Transfusions
Results of the multiple linear regression models 
examining association between ventilator mode and 
ventilator parameters (PIP, TV/PBW, PEEP, PLAT, 
MAWP, driving pressure, and estimated static 
compliance) with intraoperative EBL, crystalloid, 
colloid, and blood transfusions (PRBC, FFP, cryo-
precipitate, and platelets) are shown in Table 1. For 
ease of interpretation, only the results for ventila-
tor mode or ventilator parameter from each model 
are shown. Driving pressure was computed as PLAT 
− PEEP. Estimated static compliance was computed 
as average TV/airway driving pressure. No statisti-
cally significant associations were observed between 
mode of ventilation or ventilator parameters and 
intraoperative EBL, fluid, or blood product transfu-
sions at a Bonferroni-adjusted significance criterion 
of P = .0003.

Association Between Ventilator Mode and 
Ventilator Parameters and Postoperative Blood 
Transfusions and Drain Output
Results of LMERs and GLMERs examining the associ-
ation between ventilator mode and ventilator param-
eters and PRBC, FFP, cryoprecipitate and platelet 
transfusions, and subfascial drain output are shown 
in Table 2. For ease of interpretation, only the results 
for ventilator mode or ventilator parameter from each 
model are shown. There was no association between 
ventilator mode and postoperative drain output or 
blood transfusions. Estimated static compliance was 
positively associated with drain output (estimated 
difference in the mean, 2.81; 95% confidence inter-
val [CI], 1.64–3.97; P < .0001) at Bonferroni-adjusted 
significance criterion of P = .0003. No significant 
associations were observed between other ventilator 
parameters and drain output or blood transfusions at 
the Bonferroni-adjusted significance criterion of P = 
.0003.

Association Between Ventilator Mode and 
Ventilator Parameters and Postoperative 
Outcomes
Results of linear regression models or logistic regres-
sion models (need for vasopressor; OR extubation; 
hypoxemia; respiratory depression) examining 
the association between ventilator parameters and 

Table 2.   Associations Between Ventilator Mode and Ventilator Parameters and Postoperative Blood 
Transfusions and Drain Output

Ventilator 
Parameter 

PBRC FFP Platelets Cryoprecipitate Drain Output
Est 

(95% CI)
P 

Value
Est  

(95% CI)
P 

Value
Est  

(95% CI)
P 

Value
Est  

(95% CI)
P 

Value
Est  

(95% CI)
P  

Value
Vent mode (PCV)  

(n = 736)
−0.04  

(−0.14 to 0.05)
.38 0.00  

(−0.02 to 0.01)
.66 0.00  

(−0.03 to 0.02)
.82 0.00  

(−0.03 to 0.02)
.67 1.17  

(−51.38 to 53.72)
.97

PIP (n = 736) 0.00  
(−0.00 to 0.01)

.73 0.00  
(0.00−0.00)

.42 0.00  
(0.00−0.00)

.015 0.00  
(0.00−0.00)

.51 −2.59  
(−5.36 to 0.19)

.072

TV/PBW  
(n = 735)

0.00  
(−0.02 to 0.01)

.62 0.00  
(0.00−0.00)

.66 0.00  
(0.00−0.01)

.81 0.00  
(−0.01 to 0.00)

.70 8.67  
(−0.84 to 18.18)

.078

PEEP (n = 736) 0.00  
(−0.02 to 0.02)

.86 0.00  
(−0.01 to 0.00)

.080 0.00  
(0.00−0.01)

.56 0.00  
(−0.01 to 0.00)

.96 4.80  
(−6.84 to 16.44)

.43

PLAT (n = 736) 0.00  
(0.00−0.01)

.20 0.00  
(0.00−0.00)

.62 0.00  
(0.00−0.00)

.01 0.00  
(0.00−0.00)

.32 −5.03  
(−8.38 to −1.68)

.004

MAWP (n = 736) 0.00  
(−0.01 to 0.02)

.77 0.00  
(0.00−0.00)

.27 0.00  
(0.00−0.01)

.044 0.00  
(0.00−0.00)

.94 −4.77  
(−12.46 to 2.92)

.23

Driving pressure  
(n = 736)

0.00  
(0.00−0.01)

.20 0.00  
(0.00−0.00)

.30 0.00  
(0.00−0.00)

.013 0.00  
(0.00−0.00)

.31 −5.73  
(−9.17 to −2.29)

.0013

Estimated static 
compliance  
(n = 736)

0.00  
(0.00−0.00)

.44 0.00  
(0.00−0.00)

.54 0.00  
(0.00−0.00)

.14 0.00  
(0.00−0.00)

.65 2.81  
(1.64−3.97)

<.0001

Compilation of results of multiple LMER and GLMER examining association between each ventilator parameter and postoperative blood transfusions and 
drain output over postoperative days 1–3. Each model controls for age, sex, BMI, HGB, HCT, platelet count, PT, PTT, INR, fibrinogen, number of operative levels, 
cage constructs, osteotomies, TLIFs, laminectomies, redo surgery, SSII, and operative time. Patients were included as random effects, and POD and ventilator 
parameters were included as fixed effects. For ease of interpretation, only results for 1 variable (ventilator mode or ventilator parameter) from each model 
are shown. Each cell represents 1 variable from 1 model. Data reported as estimated difference in the mean (Est), 95% CI, and P value. Bonferroni-adjusted 
significance criterion of 0.0003 considered significant.
Significant results at Bonferroni-adjusted significance criterion of 0.0003 shown in bold.
Abbreviations: BMI, body mass index; CI, confidence interval; Est, estimate; FFP, fresh-frozen plasma; GLMER, generalized linear mixed-effects model; HCT, 
hematocrit; HGB, hemoglobin concentration; INR, international normalized ratio; LMER, linear mixed-effects models; MAWP, mean airway pressure; PBW, predicted 
body weight; PCV, pressure-controlled ventilation; PEEP, positive end-expiratory pressure; PIP, peak inspiratory pressure; PLAT, plateau pressure; POD, postoperative 
day; PRBC, packed red blood cell; PT, prothrombin time; PTT, partial thromboplastin time; SSII, Spine Surgery Invasiveness Index; TLIF, transforaminal lumbar 
interbody fusion; TV, tidal volume; Vent, ventilator.

http://links.lww.com/AA/C870
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postoperative outcomes (time to extubation, need 
for vasopressor, OR extubation, hypoxemia, respira-
tory depression, and length of ICU stay) are shown 
in Table 3. For ease of interpretation, only the results 
for ventilator mode or ventilator parameter from each 
model are shown. Ventilator mode was not associated 
with any postoperative outcome (time to extubation, 
need for vasopressor, OR extubation, hypoxemia, 
respiratory depression, or ICU length of stay [LOS]). 
No significant associations were observed between 
other ventilator parameters and these postoperative 
outcomes at the Bonferroni-adjusted significance cri-
terion of P = .0003.

Comparison of Blood Loss, Blood Transfusions, 
and Postoperative Outcomes Between PCV and 
VCV Propensity-Matched Cohorts
Comparison between VCV and PCV groups is 
shown in Supplemental Digital Content 1, Table 1, 
http://links.lww.com/AA/C869 (baseline demo-
graphic, preoperative, and surgical characteristics) 
and Supplemental Digital Content 2, Table 2, http://
links.lww.com/AA/C870 (intraoperative and post-
operative characteristics). Comparison of baseline 

characteristics between the propensity score–matched 
cohorts is shown in Table 4. After propensity match-
ing, no significant differences in baseline characteris-
tics were observed between groups. A comparison of 
intraoperative and postoperative outcomes between 
the propensity score–matched cohorts is shown in 
Table  5. PLAT and MAWP were lower in the PCV 
compared to the VCV groups (mean difference, 2.4 cm 
H2O; 95% CI, 0.4–4.4; P = .021 and 0.9 cm H2O; 95% 
CI, 0.1–1.8; P = .037, respectively); however; this was 
not significant at the Bonferroni-adjusted significance 
criterion of P = .001. There were no statistically sig-
nificant differences in EBL, blood transfusions, sub-
fascial drain output, or other postoperative outcomes 
between groups at the Bonferroni-adjusted signifi-
cance criterion of P = .001.

DISCUSSION
Our study demonstrates that in patients undergoing 
spine surgery, mode of mechanical ventilation is not 
associated with an increased risk of intraoperative 
blood loss (estimate, −1.8; 95% CI, −248 to 245) or 
need for allogeneic red blood cell transfusion (PRBC: 
estimate, −9.3; 95% CI, −154 to 135). Furthermore, 

Table 4.   Comparison of Baseline Characteristics Between Matched Patients Who Underwent Volume- Versus 
Pressure-Controlled Ventilation
Variable Volume Control (n = 84) Pressure Control (n = 28) Standardized Difference
Age, mean (SD), y 57.2 (14.8) 57.5 (12.4) −0.056
Female sex, n (%) 51/84 (60.7) 14/28 (50) 0.23
Smoking, n (%) 27/82 (32.9) 8/27 (29.6) −0.019
Hypertension, n (%) 43/82 (52.4) 18/27 (66.7) 0.35
Prior myocardial infarction, n (%) 3/82 (3.7) 0/27 (0) −0.29
Congestive heart failure, n (%) 2/82 (2.4) 0/27 (0) −0.24
COPD, n (%) 4/82 (4.9) 0/27 (0) −0.34
Asthma, n (%) 8/84 (9.5) 3/28 (10.7) −0.043
OSA, n (%) 22/84 (26.2) 7/28 (25) 0.10
ASA grade, n (%)   0.32
  I 3/84 (3.6) 0/28 (0)  
  II 38/84 (45.2) 12/28 (42.9)  
  III 41/84 (48.8) 15/28 (53.6)  
  IV 2/84 (2.4) 1/28 (3.6)  
SBP, mean (SD), mm Hg 121.1 (14.2) 129.6 (17.5) 0.47
DBP, mean (SD), mm Hg 65.4 (9.2) 68.1 (11.5) 0.22
BMI, mean (SD), kg/m2 35.6 (9.3) 35.4 (9.5) 0.007a

Hemoglobin, mean (SD), g/dL 13.2 (1.6) 13.8 (1.7) 0.48
Hematocrit, mean (SD), % 40.1 (4.3) 41.3 (4.3) 0.39
Platelet count, mean (SD), ×1000/μL 255.5 (70.2) 243 (59.9) −0.20
PT, mean (SD), seconds 11.1 (1.0) 11.1 (0.7) −0.019
PTT, mean (SD), seconds 31.8 (6) 32 (2.5) 0.059
INR, mean (SD) 1 (0.1) 1 (0.1) −0.087
Levels, median (IQR) 3 (2–4) 3 (2–4.5) 0.009
Cage constructs, median (IQR) 0 (0–1) 0 (0–0.5) −0.27
SPOs, median (IQR) 0 (0–0) 0 (0–0) 0.004a

TLIFs, median (IQR) 0 (0–1) 0 (0–0) −0.14
Laminectomies, median (IQR) 1 (0–2) 1 (0–3) 0.14
SSII, mean (SD) 7.2 (6.1) 7 (4.5) 0.025
Operative time, mean (SD), min 224.5 (113.9) 217.5 (80.8) −0.063

Bonferroni-adjusted significance criterion of 0.001 considered significant.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; 
INR, international normalized ratio; IQR, interquartile range; OSA, obstructive sleep apnea; PT, prothrombin time; PTT, partial thromboplastin time; SBP, systolic 
blood pressure; SD, standard deviation; SPO, Smith-Peterson osteotomy; SSII, spine surgery invasiveness index; TLIF, transforaminal lumbar interbody fusion.
aMatched covariate.

http://links.lww.com/AA/C869
http://links.lww.com/AA/C870
http://links.lww.com/AA/C870
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intraoperative ventilation strategies and airway pres-
sures are not associated with postoperative drain out-
put and blood transfusion requirements. We observed 
no significant differences in intraoperative EBL (mean 
difference, −163 mL; 95% CI, −581 to 251) between 
PCV and VCV propensity score–matched groups.

This study aims to define and understand the 
mechanistic link between venous pressure per unit 
time and intraoperative bleeding. Posterior spine 
surgery performed in the prone position is associ-
ated with increased intrathoracic and intra-abdomi-
nal pressures. These effects are further influenced by 
the spinal positioning device utilized, with higher 
abdominal pressure seen with the Wilson frame com-
pared to the Jackson table. High intrathoracic MAWP 
is associated with high venous pressures. During 
corrective spine surgery, multiple osteotomies are 
performed, which have large venous channels and 
lakes which are subject to the high venous pres-
sure (related to the intrathoracic pressure) described 
above. Furthermore, epidural veins and venules 
are subject to the same high venous pressure and 
are frequently breached during the decompression 
phase and performance of the osteotomies (pedicle 
subtraction osteotomy, Smith-Peterson Osteotomy). 
The hemostasis problem therefore is directly related 
to pressure per unit time. With an ongoing primary 

hemostasis abnormality, the risk of secondary coag-
ulopathy (if not addressed early and aggressively) 
will be consequential. Choice of ventilation strategy, 
obesity, and abnormalities in lung and chest wall 
elastance may contribute to high airway pressure 
and impaired venous return. However, in this study, 
we observed that ventilation variables—PIP, PLAT, 
MAWP, airway driving pressure, and static compli-
ance—were not associated with perioperative blood 
loss.

In contrast to the study by Kang et al,7 we did not 
observe a difference in blood loss or blood prod-
uct transfusion between matched PCV and VCV 
subcohorts. Kang et al7 reported that patients ran-
domly assigned to VCV had significantly higher PIP 
(median, 20.0; interquartile range [IQR], 19.0–22.5 cm 
H2O) compared to PCV (median, 16.0; IQR, 15.0–17.0 
cm H2O); however, there were no differences in TV or 
MAWP between groups. Other ventilator parameters, 
including PLAT, were not reported.

Differences previously observed between these 
modes of ventilation may be mitigated by use of mod-
ern ventilators and ventilation techniques. Our study 
used lung protective strategies (TV, 4–8 mL/kg PBW 
and PLATs <30 cm H2O) with mean TV = 7.2 ± 1.2 
mL/kg (VCV, 7.2 ± 1.2 mL/kg PBW and PCV, 7.2 ± 
1.3 mL/kg PBW) and mean PLAT = 17.2 ± 3.4 cm H2O 

Table 5.   Comparison of Outcomes Between Matched Patients Who Underwent Volume- Versus Pressure-
Controlled Ventilation

Outcomes
VCV 

(n = 84) PCV (n = 28)
Difference in Means 

(95% CI) P Value
EBL, mean (SD), mL 763.6 (1064.1) 600.4 (562.9) −163.3 (−580.8 to 254.3) .44
Crystalloids, mean (SD), mL 1100 (952.7) 1161.2 (1000.2) 61.2 (−355.9 to 478.4) .77
Colloids, mean (SD), mL 464.3 (712.6) 482.1 (55.25) 17.9 (−274.8 to 310.5) .90
Intraop PRBC, mean (SD), mL 127.7 (376.4) 60.1 (162.6) −67.5 (−213.2 to 78.1) .36
Intraop cryoprecipitate, mean (SD), mL 34.2 (147.2) 0 (0) −34.2 (−89.5 to 21.1) .22
Intraop FFP, mean (SD), mL 23.3 (112) 0 (0) −23.3 (−65.4 to 18.7) .27
Intraop platelets, mean (SD), mL 16.3 (76.3) 0 (0) −16.3 (−44.9 to 12.4) .26
Need for vasopressor, n (%) 55/84 (65.5) 20/28 (71.4) 1.3 (0.5−3.4)a .56
Time to extubation, mean (SD), min 12.9 (6.6) 13.4 (5.5) 0.6 (−2.3 to 3.4) .69
PBW, mean (SD) 60.2 (12.2) 64.6 (9.7) 4.4 (−0.7 to 9.4) .088
TV, mean (SD) 460.6 (69.4) 463.9 (78) 3.3 (−28.2 to 34.8) .84
TV/PBW, mean (SD) 7.8 (1.5) 7.3 (1.3) −0.6 (−1.2 to 0.1) .082
RR, mean (SD) 12.7 (1.7) 13.5 (2.2) 0.8 (−0.006 to 1.6) .052
MV, mean (SD) 5.8 (1.2) 6.3 (1.5) 0.5 (−0.1 to 1.0) .10
PIP, mean (SD) 21.1 (4) 21.5 (7.2) 0.4 (−1.8 to 2.6) .73
PLAT, mean (SD) 18.8 (3.5) 21.2 (6.8) 2.4 (0.4−4.4) .021
PEEP, mean (SD) 5.0 (0.9) 5.2 (1.5) 0.2 (−0.3 to 0.7) .36
MAWP, mean (SD) 9.4 (1.5) 10.3 (3.1) 0.9 (0.1−1.8) .037
Total drain output, mean (SD), mL 606.7 (602.3) 555.4 (507.2) −51.3 (−302.3 to 199.7) .69
Drain output day 1, mean (SD), mL 269.2 (275.6) 285.3 (264.0) 16.1 (−101.9 to 134.1) .79
Drain output day 2, mean (SD), mL 231.3 (235.3) 190.6 (197.6) −40.7 (−138.7 to 57.3) .41
Drain output day 3, mean (SD), mL 106.2 (152.2) 79.5 (110.3) −26.7 (−88.6 to 35.2) .39
Length of ICU stay, median (IQR), d 0 (0–1) 0 (0–1) 0.5 (0.2−1.3)b .16

Unless otherwise denoted, comparison of means was performed using linear regression and β presented. Bonferroni-adjusted significance criterion of 0.001 
considered significant.
Abbreviations: CI, confidence interval; EBL, estimated blood loss; FFP, fresh-frozen plasma; ICU, intensive care unit, Intraop, intraoperative; IQR, interquartile 
range; MAWP, mean airway pressure; MV, minute ventilation; PBW, predicted body weight; PCV, pressure-controlled ventilation; PEEP, positive end-expiratory 
pressure; PIP, peak inspiratory pressure; PLAT, plateau pressure; PRBC, packed red blood cell; RR, respiratory rate; SD, standard deviation; TV, tidal volume; VCV, 
volume-controlled ventilation.
aLogistic regression, odds ratio.
bNegative binomial regression, rate ratio.
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(VCV, 17.1 ± 3.1 cm H2O and PCV, 21.2 ± 6.8 cm H2O). 
Lung protective strategies (lower TVs and PLATs 
and application of PEEP) have been associated with 
reduction in morbidity and mortality in ICU patients 
with acute lung injury.13,14 These practices have been 
adopted for the care of surgical patients in the OR set-
ting15,16 and may reduce the risk for postoperative pul-
monary complications.17

In the present study, we used 2 different methods 
to investigate the association between ventilation 
mode and airway pressure parameters and intra-
operative blood loss and transfusion requirements: 
linear regression modeling to adjust for confound-
ing and propensity score matching. These 2 methods 
differ in that linear regression models can be used to 
estimate a treatment effect conditional on covariates, 
while propensity score matching estimates an aver-
age treatment effect for a treated group. Although 
both adjust for confounding, the results may not 
necessarily be the same. Furthermore, these meth-
ods examined associations only, as the exposures 
and outcomes occurred during an overlapping time 
period (surgery), making any suggestion of causal 
inference especially difficult.

A significant limitation of the study is its retro-
spective design in which we unable to control for 
some factors which may influence blood loss, such 
as surgeon, differences in operative technique, type 
of operating table, or use of antifibrinolytics. We 
examined only patients undergoing prone position 
spine surgery but did not analyze whether mode 
of mechanical ventilation influences blood loss for 
other types of procedures. Finally, our study was 
likely underpowered to detect differences in intra-
operative blood loss between VCV and PCV groups 
due to the limited number of patients receiving 
PCV.

A large well-designed retrospective trial may pro-
vide important information and assist with generat-
ing hypotheses for future prospective studies. Though 
retrospective, our study has several advantages 
including a large size (822 subjects) and meticulous 
control for confounding variables. Despite the inher-
ent limitations of a retrospective study, our results 
question what was previously understood about the 
effect of ventilation on blood loss during surgery. Our 
results warrant further evaluation in prospective ran-
domized trials.

Our results show that, in contrast to previous stud-
ies, neither the mode of mechanical ventilation nor 
airway pressure is associated with an increased risk 
of intraoperative blood loss and the need for alloge-
neic transfusion. Use of modern ventilation strategies 
including lung protective techniques may mitigate 
differences in blood loss previously observed between 
PCV and VCV modes. E
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