
Metabolic alkalosis

The causes of a metabolic alkalosis may be due to:

Loss of hydrogen ion in gastric kuid during vomi6ng. This especially 
seen when there is pyloric stenosis preven-ng parallel loss of 
bicarbonate-rich secre-ons from the duodenum

Inges6on of absorbable alkali: such as sodium bicarbonate. Very large 
doses are required to cause a metabolic alkalosis unless there is renal 
impairment

Potassium deIciency: in severe potassium deple-on as a 
consequence of diure-c therapy, hydrogen ion is retained inside cells 
to replace the missing potassium ions. In the renal tubules more 
hydrogen ions rather than potassium, are exchanged for reabsorbed 
sodium. So despite there an alkalosis, the pa-ent passes an acid urine.



 يوش لقا نوكي اهثودح نكمم

 هلا ل قفارم ناك اذا اصوصخ علطب +Hلا و HClلا ، ةليوط ةرتفل vomiting مهدنع نوكب يللا سانلا
pyloric stenosis لاب بلصت يف نوكي هناsphincter ا عبتRريصب ةلاحلا ياهب و ةدع loss للHCl 

 alkalosis ريصبف ديزب bicarbonateلا و لقب +Hلا يلاتلاب bicarbonateلل loss ريصي ام نودب

 تايمكب bicarbonate وا antacids دخايب دحاولا ناك اذا …ingestion of absorbable alkaliلا
 لكشب ىلكلا و alkalosis ريصي حر ام ةريغص ةيمك اذا ينعي مهيلع شقحلت ام ىلكلا نكمم -ةريبك-
  ةلوقعم ةيمكلا تناك اذا bicarbonateلا نم ةدايز يا نم صلختت اهنا ةرداق ماع

 ةيلكلا تناك اذا وا ، ةلئاه ةيمكلا تناك اذا ؟ةدايزلا bicarbonateلا علطت ةرداق لطبتب ىلكلا ىتم ف
 metabolic alkalosis ريصي حر اهتقو و ةلاغش شم

 مويساتوبلا هنا diureticsلا ببسب potassium deficiency ريصي اpotassium deficiency .. Rلا
 لخدت و مويساتوب علطت ريصتب ايjخلاف مدلاب صقني مويساتوبلا شلبي حر ةريبك ريتك تايمكب علطب
نامك acidic urine هعم ريصب و alkalosis هدنع ريصبف +H هلادب

 هلادب علطب و مويساتوب عجرتسبف لقب نوريتسودلnاف نيرويلا نم هعجري هنا مسجلا لواحب مويساتوبلا
 و hyponatremia ريصبف علطب دعاق يللا مويساتوبلل compensation لمعي هدب ينعي مويدوص
 نوكب نيرويلاف +H هلادب علطا ينا قيرط نع ميدوصلا عجرتسا لواحا يدبف ةلكشRا سفنل عجرنم

acidic هلراص نوكب مدلا و alkalosis 



Clinical e5ects of alkalosis

The clinical eKects of alkalosis include:
Hypoven-la-on

Confusion and eventually coma

Muscle cramps, tetany and paraesthesia may be a consequence of a decrease 
in the unbound plasma calcium concentra-on. which is a consequence of the 
alkalosis.



- hypoventilation … Rلا عفترب اbicarbonate ريصب alkalosis لا دقفنم وH+ 
 CO2لا عفرا مزn ةينات ةرم  +Hلا عجرا ناشعف

 يعيبطلل ratioلا عجري ناشع يناتلا عفرا مزn عفترم مهنم دحاو نوكي اR ينعي
 مدلا يف CO2لا ديزب و hypoventilation لمعنمف

 confusion and comaل يدأي نكمم hypoventilationلا رمتسا اذا

 دوجوم مدلاب وه سب ionized calciumلا وه مسجلاب لاعف نوكب يللا مويسلاكلا
 :لاكشا ٣ ىلع
١- ionized calcium 
 albumin عم طبترم مويسلاك -٢
 و phosphate bicarbonate citrate oxalateلا يز salts عم طبترم مويسلاك -٣
 اذا ف  acid هيلع طحنم هنا قيرط نع هبودنم saltلا داه … ةليلق ةيمكب طبار نوكب

 … ionized calciumلاب ةدايز يف ريصب و ككفتت saltلا شلبت حر acidosis راص
 ةيمك لقتب و هتعبت solubilityلا لقتب و saltلا نوكتي ريصب alkalosisلا ةلاح يف
 ديjسلاب ةبوتكRا ضارعnا لمعبف ionized calciumلا



Respiratory acidosis

Lung disease: in which CO2 is not eKec-vely removed from the blood. In certain pa-ents with chronic 
obstruc-ve pulmonary disease (COPD, where  CO2 is retained in the blood, causing chronic hypercarbia 
(elevated pCO2)

In bronchopneumonia: gas exchange is impaired because of the secre-ons. White blood cells, bacteria 
and abrin in the alveoli

Hypoven6la6on caused by drugs such barbiturates, morphine, or alcohol will increase blood pCO2 levels

Mechanical obstruc6on or asphyxia-on (strangula-on or aspira-on).

Decreases cardiac output such as in CHF also will result in less blood to the lungs for gas exchange and an 
elevated pCO2

Kidney will compensate for acidosis but it takes -me



 ل xموي اهدب و ةئيطب ربتعت يللا و kidneyلا نم نوكت حر compensationلاف ةئرلا نم ياج jصا ةلكشRا نوكتب
 مايا عبرا

- lung disease هدنع دحاولا نوكب هنا asthma COPD وا emphysema ا داهRيللا سانلا دنع رتكا ريصب ضر 
 اR و ةليلق لخدتب يللا xجسكnا تايمك و مهدنع رمدتم alveoliلا نوكب و alpha 1 antitrypsin deficiency مهدنع
 gas exchangeلا و acidosis لمعتبف مدلاب ةزوجحم CO2لا تراصف  ةليلق علطتب يللا هتايمك نوكتب CO2لا زجحنب
لاغش شنوكب هلك

- bronchopneumonia لا ةلاح يف ياهinfection … لمعب مسجلا secretions تايمك ريصتب و اربل اهعلطي ناشع 
 viscous ريصب و نامك xتيم WBC و ةتيم ايريتكب يف ريصبف ايريتكبلا نم صلختت ناشع alveoliلاب ةريبك WBCلا

secretions لا يلختب يللا يه وgas exchange لا و فيعضCO2 مدلاب زجحنب 

- hypoventilation due to drugs يز phenobarbital و secobarbital فروم وx سب ةيداع ةيودا لوده لوحك و Rا 
 hypoventilationلا ديزب ةريبك ريتك تايمكب مهدخاي دحاولا

 هوطعبف نكسمك مهعم طبزي NSAIDلا لطبب ةيحارجلا تايلمعلا ضعب يف وا رسناكلا لحارم رخا يف هوطعب xفروRا
 سفنتلا اوفقوب و respiratory centerلل inhibition اولمعب ةيودnا لودهف xفروم

- mechanical obstruction لل يدأت نكمم ياهف قلحلاب يشا قلعي هناacidosis لا سابحنا ببسبCO2 

 CO2لا لضبف gas exchange اهيف لمعتب يللا ةقطنملل ةحيار يللا مدلا ةيمك لقت نكمم بلقلاب لكاشم هدنع اذا
 acidosis لمعب يلاتلاب مدلا يف زوجحم



Respiratory alkalosis

The causes include:
Hypoxemia

Chemical s-mula-on of the respiratory center by drugs, such as salicylate

An increase in environmental temperature, fever, hysteria (hyperven-la-on), 
Pulmonary emboli and pulmonary abrosis.

The kidney compensates by excre-ng HCO3- in the urine and 
reclaiming H+ to the blood

The popular treatment for hysterical hyperven-la-on, breathing into 
a paper bag, is self -explanatory



 lungلا لكاشمب وا عيرسلا سفنتلاب طبترم alkalosisلا

 عيرس اهيف سفنتلا نوكب يللا ت8احلا
١- hypoxemia Dجسك8ا صقني اH عيرس سفنتلا ريصب يوش مدلاب 

٢- Dوا راح وجلا وا ةرارح يف نوكي ا fever عيرس سفنتلا نوكب وضرب 

٣- Dهدنع نوكي ا panic attack وا hysterical attack نامك عيرس سفنتلا نوكب 

 نيربسا دخوب يللا يز salicylate toxicityلا ل]خ نم respiratory centerلل stimulation راص اذا -٤
 ريصي نكمم و salicylateلا ببسب H: metabolic acidosisتلغش هدنع ريصي هنا نكمم ةريبك تايمكب

respiratory alkalosis 8ريصب هن stimulation للrespiratory center 

: lungلاب لكاشم-٥
Pulmonary emboli, pulmonary fibrosis 

 يللا CO2لا نم لقا لخدتب يللا Hجسك8ا ةيمكف Hجسك]ل infusionلا نم ىلعا CO2لل diffusionلا ريصب
respiratory alkalosis ىلا يدأب ةأجف CO2لا جورخف علطب

 ج]علا و +Hلا عجري و bicarbonateلا علطي هنا compensation لمعي هدب ةلكشDا ياه لحي ناشع مسجلا
 لمعت اD و ٪٢١ نم Hجسكا بحستب تنا سفنتت اD هنpaper bag 8ب سفنتي هيلخن هنا قيرط نع

exhalation جسكا ٪١٦ سب علطبH لا وCO2 لا ةبسن و ربكا ةيمكب علطتبCO2 املف ةمودعم هبش وجلاب 
 paperلاب ةيلاع ةبسنب Hجسكا يف اسل و مسجلل CO2لا عجرب انا paper bagلا سفن نم هسفنتا عجرا

bag اب صقن ريصي وا قنخنا حر ام ينعيuجسكH



Oxygen and gas exchange
Oxygen and carbon dioxide

The role of oxygen in metabolism is crucial to all life. In cell mitochondria, 
electron pairs from the oxida-on of NADH and FADH2, are transferred to 
molecular oxygen

For adequate -ssue oxygena-on, the following seven condi-ons are necessary:
(1) available atmospheric oxygen

(2) adequate ven-la-on

(3) gas exchange between the lung and arterial blood

(4) Loading of O2 onto hemoglobin

(5) adequate hemoglobin

(6) adequate transport (cardiac output), and

(7) release of O2 to the -ssue. 

Any disturbances in these condi-ons can result in poor -ssue oxygena-on









Oxygen and carbon dioxide

 Factors that can inkuence the amount of O2, that moves through the alveoli into the blood and then to the 
-ssue include:

 Destruc6on of the alveoli: the normal surface area of the alveoli is as big as tennis court. When the surface area 
is destroyed to a cri-cal low value by diseases such as emphysema

 Pulmonary edema: Gas diKuses from the alveoli to the capillary through a small space. With pulmonary edema, 
kuid leaks into the space, increasing the distance between the alveoli and capillary walls

 Airway blockage. Airways can be blocked, as in asthma and bronchi-s

 Inadequate blood supply: As in pulmonary embolism, pulmonary hypertension or a failing heart not enough 
blood is being carded away to the -ssue where it is needed.

 Di8usion of CO2 and O2. Because O2 diKuses 20 -mes slower than CO2, it is more sensi-ve to problems with 
diKusion. This type of hypoxemia is generally treated with supplemental O2. 60% or higher O2 concentra-ons 
must be used with cau-on because it can be toxic to lungs



Oxygen transport

Most O2 in arterial blood is transported to the tissue by 
hemoglobin.

Each adult hemoglobin (A1) molecule can combine to four 
molecules of O2. reversibly with up to four molecules of O2

The actual amount of O2 loaded depends on:
The availability of O2

The concentration and type(s) of hemoglobin present

The presence of interfering substances, such as (CO)

The pH

The temperature of the blood

The levels of PCO2 and 2,3- DPG.





Oxygen transport

With adequate atmospheric and alveolar O2 available and with 
normal diRusion of O2 to the arterial blood, more than 95% of the 
“functional” hemoglobin will bind O2.

Increasing the availability of O2 to the blood further saturates the 
hemoglobin. However, once the hemoglobin is 100% saturated, an 
increase in O2 to the alveoli serves only to increase the 
concentration of dissolved O2 (dO2) in the arterial blood. This 
oRers minimal increase in oxygen delivery.

Prolonged administration of high concentration of O2 may cause 
oxygen toxicity and in some cases, decreased ventilation that 
leads to hypercarbia



Oxygen transport

Normally blood hemoglobin exists in one of four condi-ons:
Oxyhemoglobin (O2Hb), which is O2 reversibly bound to hemoglobin.

deoxyhemoglobin (HHb; reduced hemoglobin), which is hemoglobin not bound to O2 but capable of 
forming a bond when O2 is available

Carboxyhemoglobin (COHb), Which is hemoglobin bound to CO. Binding of CO to Hb is reversible 
but is greater than 200 -mes as strong as that of O2

Methemoglobin (MetHb), which is hemoglobin unable to bind O2, because iron (Fe) is in an oxidized 
rather than reduced state. The Fe +3 can be reduced by the enzyme methemoglobin reductase, 
which is found in RBC’s

Co-oximeter are used to determine the rela-ve concentra-ons (rela-ve to the total 
hemoglobin) of each of these species of hemoglobin.





Assessing a pa3ent oxygen status

Four parameters used to assess a pa-ent’s oxygen status are:
Oxygen satura-on (SO2)

Measured frac-onal (percent) oxyhemoglobin (FO2Hb);

Transcutaneous pulse oximetry (SpO2) assessments and

The amount of O2 dissolved in plasma (PO2)

Oxygen satura-on (SO2) represents the ra-o of O2 that is bound to 
the hemoglobin compared with the total amount of hemoglobin 
capable of binding O2



Oxygen satura3on (SO2)

Sooware included with the blood gas instruments can calculate SO2 from 
pO2, pH and temperature of the sample. 

These calculated results can diKer from those determined by direct 
measurement due to the assump-on that only adult hemoglobin is present 
and the oxyhemoglobin dissocia-on curve has a speciac shape and loca-on

These algorithms for the calcula-on do not account for the other 
hemoglobin species, such as COHb and MetHb

So calculated SO2 should not be used to assess oxygena-on status





Frac3onal oxyhemoglobin

Frac-onal (or percent) oxyhemoglobin (FO2Hb) is the ra-o of the 
conc. of oxyhemoglobin to the conc. of total hemoglobin (ctHb)

Where the dysHb represents hemoglobin deriva-ves, such as COHb, 
that can’t reversibly bind with O2 but are s-ll part of the “total” 
hemoglobin measurement.

These two terms SO2 and FO2Hb, can be confused because as the 
numeric values for SO2 are close to those of FO2Hb (diKer in smokers 
and if dyshemoglobins are present)



Par3al pressure of oxygen dissolved in plasma

Par-al pressure of oxygen dissolved in plasma (pO2) accounts for lifle of the body’s 
O2 stores.

Noninvasive measurement are afained with pulse oximetry (SpO2). These devices 
pass light of two or more wavelength through the -ssues of the toe, anger or ear.

The pulse oximeter diKeren-ate between the absorp-on of light as a result of O2Hb 
and dysHb in the capillary bed and calculates O2Hb satura-on. Because SpO2 does 
not measure COHb or any other dysHb, it overes-mates oxygena-on when one or 
more are present.

The accuracy of pulse oximetry can be compromised by many factors, including 
diminished pulse as a result of poor perfusion and severe anemia.



The maximum amount of O2 that can be carried by hemoglobin in a

 given quan-ty of blood is the hemoglobin oxygen (binding) capacity. 
The molecular weight of tetramer hemoglobin is 64,458 g/mol.

One mole of a perfect gas occupies 22,414 mL. Therefore, each gram 
of hemoglobin carries 1.39 mL of O2

When the total hemoglobin (tHb) is 15 g/dL and the hemoglobin is 
100% saturated with O2, the O2 capacity is: 



Oxygen content

Oxygen content is the total O2 in blood and is the sum of the O2 bound to hemoglobin 
(O2Hb) and the amount dissolved in the plasma (pO2)

Because pO2 and pCO2 are only indices of gas-exchange eRciency in the lungs, they do 
not reveal the content of either gas in the blood.

If the pO2 is 100 mmHg, 0.3 ml of O2 will be dissolved in every 100 ml of blood plasma.

The amount of dissolved O2 is usually not clinically signiacant. However, with low tHb or 
at hyperbolic condi-ons, it may become a signiacant source of O2 to the -ssue. Normally 
98-99% of the available hemoglobin is saturated with O2.

Assuming a tHb of 15 g/dL, the O2 content for every 100 mL of blood plasma becomes:



Hemoglobin-oxygen dissocia3on

2,3-DPG levels increase in 
pa-ents with extremely low 
hemoglobin values and as an 
adapta-on to high al-tude.



Measurement 
Spectrophotometric (Co-oximeter) Determina3on of oxygen 
satura3on

The actual determina-on of oxyhemoglobin (O2HB) can be determined 
spectrophotometrically using co-oximeter designed to directly measure the 
various hemoglobin species.

The number of hemoglobin species measured will depend on the number and 
speciac wavelength incorporated into the instrumenta-on.  For example, two 
wavelength instrument systems can measure only two hemoglobin species (O2Hb 
and HHb), which are expressed as a frac-on or percentage of the total 
hemoglobin.





Spectrophotometric (Co-oximeters)
Determina3on of oxygen satura3on
As with any spectrophotometric measurement, poten-al sources of errors exist, including:

Faulty calibra-on of the instrument

Spectral-interfering substances

The pa-ent’s ven-la-on status should be stabilized before blood sample collec-on

An appropriate wai-ng period before the sample is redrawn should follow changes in supplemental O2 or 
mechanical ven-la-on

All blood samples should be collected under anaerobic condi-ons and mixed immediately with heparin or 
other appropriate an-coagulant.

If the blood gas analysis is not being done on the same sample, EDTA can be used as an an-coagulant

All samples should be analyzed promptly to avoid changes in satura-on resul-ng from the use of oxygen 
by metabolizing cells’





Blood gas analyzers (pH, pCO2 and pO2)

Blood gas analyzers (macroelectrochemical or microelectrochemical 
sensors) as sensing devices 

The pO2 measurement is amperometric (current kow) related to the 
amount of O2 being reduced at the cathode

The PCO2 and pH measurement are poten-ometric (change in voltage)

The blood gas analyzer can calculate several addi-onal parameters, 
bicarbonate, total CO2, base excess and SO2.





Measurement of pO2

The primary source of error for pO2 measurement is associated with the buildup of protein 
material on the surface of the membrane (retards diKusion of O2)

Bacterial contamina-on within the measuring chamber, although uncommon, will consume 
O2 and cause low and drioing values

It is important not to expose the sample to the room air when collec-ng, transpor-ng and 
making O2 measurement.

Contamina-on of the sample with room air (pO2, 150 mmHg) can result in signiacant error

Even aoer the sample is drawn, sample should by analyzed immediately as leukocytes 
con-nue to metabolize O2 leading to low PO2 values





Measurement of pO2

Cutaneous measurement for pO2 also are possible using transcutaneous (TC) 
electrodes placed directly on the skin.

Measurement depends on oxygen diKusing from the capillary bed through the 
-ssue to the electrode. Although most commonly used with neonates and infants

Skin thickness and -ssue perfusion with arterial blood can signiacantly aKect the 
results.

Hea-ng the electrode placed on the skin can enhance diKusion of the O2 to the 
electrode, however, burns can result unless the electrodes are moved regularly.



Measurement of pH and pCO2

Two electrodes (the measuring electrode responsive to the ion of interest and the 
reference electrode) are needed and voltmeter, which measures the poten-al 
diKerence between the two electrodes.

The poten-al diKerence is related to the concentra-on of the ion of interest.

To measure pH, a glass membrane sensi-ve to H+ is placed around an internal Ag-
AgCl electrode to form a measuring electrode

The poten-al that develops at the glass membrane as a result of H+ from the 
unknown solu-on diKusing into the membrane’s surface is propor-onal to the 
diKerence in [H+] between the unknown sample and the buKer solu-on inside the 
electrode



pCO2

An outer semipermeable membrane that allows CO2 to diKuse into a layer of 
electrolyte, usually bicarbonate buKer, covers the glass pH electrode. The CO2 
that diKuses across the membrane reacts with the buKer, forming carbonic acid, 
which then dissociates into bicarbonate plus H+

The change in the ac-vity of the H+ is measured by the pH electrode and related 
to pCO2

As with the other electrodes, the buildup of protein material on the membrane 
will aKect diKusion and cause errors, pCO2 electrodes are the slowest to respond 
because of the chemical reac-on that must be completed. Other error sources 
include erroneous calibra-on caused by incorrect or contaminated calibra-on 
materials



Specimen

Arterial blood specimen is an excellent reference

Peripheral venous samples can be used if pulmonary func-on or O2 transport is not being assessed 
(the source of the specimen must be clearly iden-aed)

Depending on the pa-ent, capillary blood may need to be used to measure pH and pCO2

Although the correla-on with arterial blood is good for pH and pCO2, capillary pO2 values even 
with warming of the skin before drawing the sample, do not correlate well with the arterial pO2 
values as result of sample exposure to room air

Sources of error in the collec-on and handling of blood gas specimens include the collec-on device, 
form and concentra-on of heparin, speed of syringe alling, maintenance of the anaerobic 
environment, mixing of the sample to ensure dissolu-on and distribu-on of the heparin 
an-coagulant, and transport and storage -me before analysis 



Interpreta3on of results

Laboratory professionals need certain knowledge, attude and skills for 
obtaining and analyzing specimens for pH and blood gases.

Simple evalua-on of the data may reveal an instrument problem (possible 
bubble in the sample chamber or abrin plug)

A possible sample handling problem (PO2 out of line with previous results 
and current inspired FiO2 levels)

The applica-on of knowledge saves -me. The ability to correlate data 
quickly reduces turnaround -me and prevents mistakes.




